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Abstract

Introduction Steroids are commonly used for managing brain edema in patients with glioblastoma multiforme (GBM),
treated with surgery and concomitant temozolomide-based chemoradiotherapy (CTRT). The adverse effects of glucocor-
ticoids include lymphopenia, hyperglycemia, and risk of infection. We report the results of a meta-analysis evaluating the
effects of steroids on outcome when associated with the treatment of GBM.

Methods PubMed, the Cochrane Library, and Embase were searched from inception until September 2019 for observational
or prospective studies reporting prognosis of adult patients with GBM and treated or not treated with steroids. Overall sur-
vival (OS) was the primary endpoint, and progression-free survival (PFS) was the secondary endpoint. The effect size was
reported as hazard ratios (HRs) with a 95% confidence interval (CI), and an HR > 1 associated with the worst outcome in
steroid users compared to non-users.

Results Twenty-two publications were retrieved from studies selected for a total of 8,752 patients. In the primary analysis
(n =22 studies reporting data), OS was reduced in GBM patients taking steroids during treatment (HR =1.54, 95% CI
1.37-1.75; p<0.01). Similarly, PFS was inferior in steroid users in n=9 studies with data available (HR=1.28, 95% CI
1.1-1.49; p<0.01).

Conclusions In patients with GBM and treated with RT and/or CT, association with steroids significantly reduces survival
and PFS. Use of the lowest dose of glucocorticoids for the shortest period needed to achieve the treatment goals and preven-
tion of steroid-associated complications are essential aims of treatment of this disease.
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Introduction

Glioblastoma multiforme (GBM) is a lethal disease that is
treated with radical surgery or biopsy and then with concom-
itant, temozolomide (TMZ)-based, chemoradiation (CTRT).

In patients with brain tumors and in particular in high-
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infections, sepsis, and thrombosis). Long-term glucocor-
ticoid is a significant independent predictor of numerous
adverse effects and that the risk is both dose- and duration-
dependent. One study suggests that even short-term gluco-
corticoid use may be associated with serious adverse effects.
In adult patients, in fact, use of steroids increased the odds
of venous thromboembolism and sepsis [1].

We have performed a systematic review and meta-anal-
ysis to evaluate if the use of steroids may affect survival in
patients with GBM.

Material and methods
Search strategy and inclusion criteria

The present review was conducted according to Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines and recommendations [2]. Elec-
tronic searches were performed from inception up to Sep-
tember 2019 using Embase, PubMed, SCOPUS, and The
Cochrane Library. The studies were searched using the
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terms: (glioblastoma OR glioma) AND (steroids or dexa-
methasone) AND survival. All identified articles were then
systematically assessed for inclusion and exclusion criteria
independently by two investigators (FT and FP).

The inclusion criteria used to screen articles were (1) con-
firmed histopathological cases of GBM, (2) evaluation of
survival (OS and/or PFS) according to intake of corticoster-
oids (yes versus no), (3) a hazard ratio (HR) statistic accom-
panied by 95% confidence interval (CI) from univariate or
adjusted Cox multivariate analysis, and (4) cohorts of adult
patients. The exclusion criteria were (1) low-grade glioma
and (2) cohorts of patients under 18 years of age. When
institutions published duplicate studies involving overlap-
ping patients or increased lengths of follow-up, the most
updated reports were included for quantitative assessment.
Only publications involving human subjects and in English
language were considered.

Data extraction

Two investigators (FT and FP) independently extracted
data of interest (author and year of publication, number of
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Fig.2 Forest plot for overall survival in steroid-treated patients
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Fig. 3 Forest plot for progression-free survival in steroid-treated patients
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Discussion

Despite the lack of prospective trials, corticosteroid given
for relief of intracranial edema in brain tumors should be
given on the basis of an individualized regimen and tapered
slowly [27]. In this systematic review and meta-analysis, use
of steroids was found to reduce OS and PFS in patients with
GBM treated with CTRT or combination CT for primary or
relapsed disease.

The results of this meta-analysis are not surprising due
to the potentially detrimental effect of steroid use on the
immune system (lymphopenia) and metabolism (hypergly-
cemia) that can explain the direct role on outcome. Clini-
cally, hyperglycemia remains a relevant concern in GBM
treated with corticosteroids for the management of clini-
cal neurological symptoms and cerebral edema following
surgical intervention and RT. In a meta-analysis evaluating
the prognostic effect of hyperglycemia in patients with glio-
mas, it was found to confer a statistically significant poorer
OS outcome (HR 1.671; p<0.01) [28]. Furthermore, ster-
oids affect the immune system by reducing the number of
immune cells in the blood of GBM patients [29]. Dexameth-
asone appears to promote the development of a glioma stem
cell-like phenotype and conferred resistance to physiologi-
cal stress and CT [30, 31]. Other authors found that dexa-
methasone-induced leukocytosis decreased OS (HR =2.25,
95% CI 1.15-4.38; p<0.01) and PFS (HR=2.23, 95%
CI 1.09-4.59; p <0.01). Furthermore, patients with dexa-
methasone-induced leukocytosis had significantly reduced
CD15 + granulocytic- (p <0.05) and CD3 + lymphocytic
tumor infiltration (p <0.05) [32]. In a murine PDGFB-driven
glioblastoma model, pretreatment with single doses of dexa-
methasone for 3 consecutive days profoundly decreased the
survival advantage provided by a single 10 Gy dose of irra-
diation or by a fractionated irradiation schedule. Dexametha-
sone may also compromise cell proliferation in vivo and this
may lead to radioresistance of glioma cells [18].

There are several limitations to this study. Most of these
data represent a subset analysis of randomized clinical tri-
als or retrospective studies, and thus, the findings must be
interpreted with caution because these were not designed
to evaluate outcome according to steroid use. The studies
varied in the use of systemic therapies, comorbidities, extent
of surgery, and size of tumors. Also, median follow-up was
underreported in many trials and relatively short observa-
tions length could have captured only early deaths, probably
those related with advanced age and/or poor performance
status patients only. Finally, many patients, due to the extent
of tumor and surgery, with related brain edema need steroids
as an asymptomatic measure. The burden of disease may
dictate the receipt of steroids and so the prognosis.

Despite these limitations, we report for the first time a
prognostic significance associated with steroid use, and it
was mostly independent by age, performance status, the
extent of resection, and size or location of GBM.

In conclusion, given that randomized controlled clinical
trials to address the utility of steroid in GBM are unlikely to
be ever performed, this meta-analysis provides the best evi-
dence that steroid may compromise OS and PFS in patients
treated for GBM. Studies exploring other steroid-sparing
drugs for treating edema and its complications in brain
tumors are awaited.
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