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Figure 2 Flowchart for selection of studies.

What are the best prognostic factors for meningioma 
growth?
▪ Conduct a literature review and synthesize existing 
hypotheses for relationships between factors and 
meningioma growth rate.
▪ Perform a meta-analysis for each factor using data 
gathered from selected studies. Figure 4 Meta-analysis of the association between meningioma growth on serial 

imaging and the patient characteristics. This forest plot functions the same as 
described in Fig. 3. This plot indicates an insignificant positive correlation between 
male sex and tumor growth rate. g: Hedge’s g, SE: standard error, OR: Odds ratio,  CI: 
confidence interval. (*) Indicates studies with Neurofibromatosis type 2 data.

Figure 3 Meta-analysis of the association between meningioma growth on serial 
imaging and tumor characteristics. In each panel, each study is represented by a 
grey box (weight of the study) and black line (dash = odds ratio and length = 95% 
CI). The diamond at the bottom is the pooled effect with the length representing its 
95% CI. The vertical line above the 1 is a reference, which indicates where there is 
no effect.2 The red line depicts the range in which the point estimate of 95% of 
future studies will fall, assuming a normal distribution.3 (A) Indicates a significant 
negative correlation between the presence of calcification and tumor growth rate, 
(B) Indicates a significant positive correlation between the presence of peritumoral 
edema and tumor growth rate. g: Hedge’s g, SE: standard error, OR: Odds ratio, CI: 
confidence interval. (*) Indicates studies with Neurofibromatosis type 2 data.

Figure 1 Diagram of the 
meninges of the brain and a 
meningioma, which form 
between the dura mater and 
arachnoid mater, although they 
can break through the pia 
mater into the brain. Indicates 
the shifts in brain physiology as 
a result of tissue displacement.1
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Background & Research Objectives

Meningiomas are the most common brain tumor (Fig. 1). 
However, their growth rate is difficult to predict as 
previous literature has shown inconsistent relationships 
with multiple tumor and patient characteristics.
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Future Research

Important Implications

Publication Bias

Figure 6 Funnel plot showing the odds ratio reported for tumor size and 
growth rate as related to the standard error, which indicates the statistical 
power of the study. A right-handed skew is demonstrated, which shows that 
studies reporting a negative association between tumor size and growth rate 
are rarely reported. Publication bias is likely (Egger’s test: p = 0.0257).

▪ Egger’s test4 was performed to test for funnel 
plot asymmetry and found initial tumor size vs. 
tumor growth rate to be the only meta-analysis 
with significant results indicating a possibility of 
publication bias.

Figure 5 Illustrated results from this study's meta-analyses. Relative strength of 
correlations with meningioma growth are rank ordered for each section with the 
strongest correlations at the top (Created with BioRender.com).

Prognostic Factor Correlations

▪ Peritumoral edema was the strongest predictor of 
meningioma progression.
▪ Calcification was the strongest predictor for 
meningioma non-progression.
▪ Sex assigned at birth was not found to be a significant 
predictor of growth rate, despite many studies reporting a 
connection.5,6

▪ Suggests a need for restructuring the treatment 
planning process and moving from patient 
characteristics (sex and age) to radiological 
characteristics (peritumoral edema, hyperintensity, 
tumor size, and calcification). 

▪ Utilize a standard measuring tool (e.g., volumetric 
analysis) and a standard definition/threshold for growth 
(e.g., 2cm3/year). 7

▪ Perform multivariate meta-analysis to rank each factor 
against the others and elucidate any interactions 
between.2

▪ Create a formula for meningioma growth prediction8

using validated coefficients from meta-analyses like this 
one
▪ Develop treatment strategies based on calcification9,10

and peritumoral edema11 given their strength as 
predictors
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