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Abstract: Surgical resection of meningioma leaves residual solid tumour in over 25% of patients.
Selection for further treatment and follow-up strategy may benefit from knowledge of
volumetric growth and factors associated with re-growth. The aim of this review was to
evaluate volumetric growth and variables associated with growth in patients that
underwent incomplete resection of a meningioma without the use of adjuvant
radiotherapy.  A systematic review was conducted in accordance with the PRISMA
statement and registered  a priori  with PROSPERO (registration number:
CRD42020177052). Six databases were searched up to May 2020. Full text articles
analysing volumetric growth rates in at least 10 patients who had residual meningioma
after surgery were assessed. Four single-centre, retrospective studies totalling 238
patients were included, of which 99% of meningioma were WHO grade 1. The absolute
tumour growth rate ranged from 0.09-4.94 cm  3  per year. The relative growth rate
ranged from 5.11-14.18% per year. Varying methods of volumetric assessment and
definitions of growth impeded pooled analysis. Pre-operative and residual tumour
volume, and hyperintensity on T2 weighted MRI were identified as variables associated
with residual meningioma growth, however this was inconsistent across studies. Risk
of bias was high in all studies. Radiological regrowth occurred in 42-67% of cases. Our
review identified that volumetric growth of residual meningioma is scarcely reported.
Sufficiently powered studies are required to delineate volumetric growth and prognostic
factors to stratify management.

Response to Reviewers: Dear Professor Drummond,
Re: Volumetric growth of residual meningioma- a systematic review – Minor Revisions
Thank you considering our revised manuscript entitled “Volumetric growth of residual
meningioma- a systematic review” for publication in Journal of Clinical Neuroscience.
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We thank the reviewers for their constructive comments and feedback. We hope we
have addressed their concerns adequately in our revision of the manuscript and attach
our point-by-point responses below. We strongly believe that this manuscript is an
important addition to the literature and the revisions have strongly enhanced this
message.
I would like to confirm again that with this submission, all study authors declare that
they have reviewed the final manuscript, approved the contents of it and that the
requirements for authorship have been met by all named authors. We can guarantee
that the work is not being considered for publication by any other journal and that no
previous work we’ve published (apart from meeting abstracts) overlap with the current
work. We have not received any external funding for the completion of this work and
have no relevant conflicts of interest to report.
I thank you once again for considering our manuscript for publication and look forward
to hearing from you in the near future.
Yours Sincerely,
Conor S. Gillespie
MPhil student
Institute of Systems, Molecular and Integrative Biology (ISMIB)
University of Liverpool, UK
Email: hlcgill2@liv.ac.uk

Reviewer #1:

Brief Summary:
"I read with much interest the above mentioned manuscript. I think that it is a very well
described review. The volumetric growth of meningioma is an interesting aspect of
prognostic factors involving recurrence of meningiomas, and how to better plan follow-
up."

Thank you very much for this comment.

Specific Comments:
"The Authors did not take into account the literature concerning the molecular profiling
of meningioma correlated with a more fast growth. So, they can add relevant
literature."

Thank you for this comment. We have now acknowledged this as a limitation of the
study (discussion, final paragraph, final line), and have added to the existing
discussion, which includes explicit mention of molecular factors such as TERT, AKT1,
TRAF7, KLF4, and SMO, and their effect on growth rates, in addition to the potential
loss of DREAM complex, which has been added to Discussion, paragraph 6, final
sentence.
We hope this is sufficient. Should this not be what the reviewer is referring to, we are
more than happy to expand this upon further clarification.
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ABSTRACT 

Surgical resection of meningioma leaves residual solid tumour in over 25% of patients. 

Selection for further treatment and follow-up strategy may benefit from knowledge of 

volumetric growth and factors associated with re-growth. The aim of this review was to 

evaluate volumetric growth and variables associated with growth in patients that underwent 

incomplete resection of a meningioma without the use of adjuvant radiotherapy.  A 

systematic review was conducted in accordance with the PRISMA statement and registered a 

priori with PROSPERO (registration number: CRD42020177052). Six databases were searched 

up to May 2020. Full text articles analysing volumetric growth rates in at least 10 patients who 

had residual meningioma after surgery were assessed. Four single-centre, retrospective 

studies totalling 238 patients were included, of which 99% of meningioma were WHO grade 

1. The absolute tumour growth rate ranged from 0.09-4.94 cm3 per year. The relative growth 

rate ranged from 5.11-14.18% per year. Varying methods of volumetric assessment and 

definitions of growth impeded pooled analysis. Pre-operative and residual tumour volume, 

and hyperintensity on T2 weighted MRI were identified as variables associated with residual 

meningioma growth, however this was inconsistent across studies. Risk of bias was high in all 

studies. Radiological regrowth occurred in 42-67% of cases. Our review identified that 

volumetric growth of residual meningioma is scarcely reported. Sufficiently powered studies 

are required to delineate volumetric growth and prognostic factors to stratify management.  

 

Keywords: Meningioma; Growth variables; Residual; Simpson grade; Subtotal resection; 

Systematic review; Volume. 
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INTRODUCTION 

Meningiomas account for over a third of primary central nervous system tumours, and are 

the most common primary intracranial neoplasm [1]. The first line management strategy for 

symptomatic meningiomas is surgery. Risk of recurrence is correlated with the extent of 

resection, and is typically classified according to the Simpson grading system [2]. Simpson 

grades 4-5 are defined as an ‘incomplete’ or ‘subtotal’ resection, leaving residual tumour, 

which has an increased risk of regrowth following surgery [3, 4]. A subtotal resection may be 

performed due to proximity of the meningioma to critical neurovascular structures, restricted 

surgical corridors (most commonly in skull base meningiomas), and unexpected 

intraoperative complications [5]. Residual tumour is present after approximately 25% of 

meningioma operations, although some studies report this to be significantly higher [6-8].  

Following complete resection, patients with WHO grade 1 meningiomas are usually managed 

with surveillance imaging. Following subtotal resection, fractionated radiotherapy (fRT) or 

Stereotactic radiosurgery (SRS) can be used to optimise local disease control [9-11].  

Adjuvant radiotherapy is not always utilised following subtotal resection, due to patient 

preference, or favourable histological features, and the growth rates of these residual 

meningioma is an important clinical problem. Volumetric assessments can delineate tumour 

change over time, and ascertain rates of growth [12]. Data relating to volumetric growth of 

residual meningioma, and its association with clinical outcomes is lacking.  
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REVIEW QUESTION 

In patients who have a residual meningioma after surgery, what is the volumetric growth rate 

of the residual tumour? 

 

OBJECTIVES 

The primary objectives of this systematic review were to evaluate the volumetric growth rate 

of residual meningioma. Secondary objectives were to search for variables associated with 

regrowth of residual meningioma (if reported) and delineate overall survival (OS) and 

progression free survival (PFS), or recurrence free survival (RFS). 

 

MATERIAL AND METHODS 

A systematic review was conducted in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses (PRISMA) statement [13], A systematic review critical 

appraisal tool (AMSTAR-2) [14], and Risk of Bias Assessment Tool for Systematic Reviews 

(ROBIS) [15]. The study was registered with PROSPERO (registration number: 

CRD42020177052).  

 

Search strategy 

A literature search, last updated 13/09/2020, was carried out from inception in the following 

study databases and registries: Medline (Ovid), Embase (Ovid), CINAHL Plus (EBSCO), 

Cochrane Central Register of Controlled Trials, WHO International Clinical Trials Registry 
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Platform and UK Clinical Trials Gateway. The search strategy utilised for Embase can be found 

in Online supplementary Table A.1. The search strategy was adapted for the other electronic 

registries (Online supplementary table A.2), and trial registries were searched using the term 

‘meningioma’. We scanned bibliographies and reference lists of included articles to identify 

additional studies. Papers were limited to English language due to the feasibility of 

translation. 

 

Study screening and selection  

Articles identified from the search were transferred to the online platform Rayyan, a 

repository to facilitate de-duplication and independent screening of potential records [16]. 

After removal of duplicates, titles were screened against the population, intervention, 

comparison, outcome, and study design (PICOS) criteria defined in Table 1 by two 

independent, blinded reviewers (CSG and BAT). Following this, abstracts were screened, 

followed by full-text articles using the same process to identify manuscripts eligible for 

inclusion. 

If any disagreements occurred, an attempt was made to resolve this between two review 

authors (CSG and BAT), and if discussion failed to lead to consensus, senior authors were 

consulted for clarification (AII, CPM and MDJ). If any data was not present or available in the 

articles identified, corresponding authors were contacted via email to request the data.  
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Data extraction and synthesis  

Data extraction was conducted independently and in duplicate by two authors (CSG and BAT) 

using a standardised pre-piloted data collection proforma (Supplementary table A.3). Data 

extracted included baseline patient demographics, imaging and tumour characteristics, 

volumetric growth (both absolute growth rate (AGR) and relative growth rate (RGR)), and 

variables associated with growth. The primary outcome measure was volumetric meningioma 

growth rate. The secondary outcome measures were variables associated with growth, OS 

and PFS or RS. Data was incorporated into a Microsoft Excel spreadsheet, and exported to 

SPSS Version 25.0 for analysis.  

 

Statistical analysis 

Study level data was collected and presented as number, mean or median based on the type 

of data reported by authors. Variables assessed were reported based on the statistical test 

used. Due to heterogeneity of study outcomes, and patient characteristics varying 

considerably, the decision was made to not undertake a meta-analysis.  

 

Quality assessment 

The level of reporting of included studies was assessed by two authors independently (CSG 

and BAT) using the Quality in Prognostic Studies (QUIPS) tool. The following were evaluated: 

study participation, study attrition, prognostic factor measurement, outcome measurement, 

study confounding, and statistical analysis and reporting. Each domain was studied to 
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produce an overall rating based on Scottish Intercollegiate Guidelines Network (SIGN) criteria 

with consensus between the two authors [17]. 

RESULTS 

Study selection process 

Figure 1 describes the study selection process. The initial number of studies included was four. 

The corresponding authors for five additional studies were contacted to request additional 

data. A duration of two months was allowed for responses. One response was received; 

however, the data returned was unsuitable for inclusion. Therefore, the final number of 

studies analysed was four [18-21]. A list of all full text articles screened and the reasons for 

exclusion are provided in Online supplementary table A.4.  

 

Study and patient characteristics  

The study characteristics are outlined in Table 2. After screening, four studies comprising 238 

patients with residual meningioma, with volumetric growth rates were included.  All included 

articles were retrospective, single-centre studies. Two studies analysed meningiomas in 

multiple locations, while two studies only assessed petroclival meningiomas [19, 21]. Most 

patients included were female (range 67.9-72.2%), mean age ranged from 53-57 years (Table 

2) and 235/238 (99%) of meningiomas were WHO grade 1. One study included three WHO 

grade 2 meningiomas [20]. One study defined extent of resection using the Simpson grade 

[18]. All other studies dichotomised extent of resection as the presence or absence of residual 

meningioma (Table 3). The majority of eligible patients were included in their study analysis 
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(reported eligible population range 74.2-100%).  No study used the same monitoring intervals 

after surgery (Table 3).  

 

Volumetric measurement method and definition 

The method of volumetric measurement varied between studies (Table 3). Two studies 

determined mean volumes from three measurements using the National Institutes of Health 

(NIH) Scion Image J programme with either automatic [20] or manual interpolation [19]. Two 

studies used the ellipsoid formula [20, 21] and one used the oval formula (V=4/3π A/2 X B/2 X 

C/2). One study used the Picture archiving and communication system (PACS) semi-automatic 

tool with manual measurements [18]. No studies reported the use of inter, intra-rater 

reliability or intraclass correlation coefficient (ICC). Two studies did not categorise change in 

meningioma volume as “growth” or “stable disease”. One study defined ‘high’ growth rate as 

>1.28cm3/year [18], and another defined a 20% minimum volume change as ‘growth’ [19].  

 

Volumetric growth rates 

All four studies reported absolute growth rates per year (Table 4). The median growth rates 

ranged from 0.09-2.82cm3/year, and one study reported a mean growth rate of 4.94cm3/year. 

The same study reported that 3 WHO grade 2 meningiomas had higher mean growth rates 

than 33 WHO grade 1 meningiomas (25.3cm3/year vs 1.51cm3/year, no P value reported) [20].  

Two studies reported median relative growth rates per year (RGR). One study reported a 

median RGR of 5.11% per year, and another 14.18% per year [18, 20]. Two studies reported 

the mean tumour doubling time (2906 and 1908 days) [20, 21].  
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Variables associated with regrowth and recurrence 

The included studies analysed several variables associated with regrowth and recurrence in 

their analysis (Table 5 and 6). Two studies identified residual tumour volume as a significant 

variable for tumour regrowth (P<0.001) [18, 19]. One study identified pre-operative tumour 

volume as a significant variable for regrowth (P=0.008) [18]. Sex was not found to be a 

significant variable in all studies. Younger age (<60 and <50) was reported as a significant 

variable for growth in two studies (P=0.041 and P=0.040 respectively) [20, 21].   

Meningioma hyperintensity on T2 weighted MRI was identified as a significant variable for 

regrowth in one study of 36 meningiomas (P=0.024) [20], but not in another study of 23 

meningiomas (P=0.061) [19, 20]. Other variables reported as associated with regrowth 

included absence of calcification, tumour location, cranial nerve palsies, and menopausal 

status (Table 6). Only one study carried out any multivariable or confounder adjustment.  

 

Progression-free and overall survival  

Three studies defined progression as radiological meningioma regrowth [20], with two studies 

defining this as definitive radiological growth assessed by a neuroradiologist or tumour 

regrowth on follow up CT scans or MRI [18, 21]. The median time to progression ranged from 

14-36 months (Table 2). One study reported a PFS of 60% at 5 years [21]. One study reported 

PFS rates at 1, 2, 3, and 5 years as 72%, 63%, 51%, and 41% respectively [18]. Two studies did 

not report PFS [19, 20]. No studies reported overall survival.  
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Quality assessment and risk of bias 

All papers were assessed as having a high risk of bias. All studies scored high risk for study 

participation, confounding, and three studies for statistical analysis and reporting. The clinical 

heterogeneity of the four included studies was low, however the methodological diversity 

was high. This was because many studies used different growth definitions, statistical tests, 

and methods of measuring meningioma volume. Only one study included multivariable 

analysis. Two studies declared no conflicts of interest [18, 19], one declared no conflicts of 

interest and research grant funding [21] and one study did not provide a clear report of 

potential conflicts of interest [20, 21]. No disagreements were reported between the two 

authors, and the summary is outlined in the Online supplementary table A.5.   

 

DISCUSSION 

This review provides limited evidence of volumetric growth rates of residual meningioma, 

with radiological regrowth rates close to 50% with MRI surveillance. Studies included suggest 

that the absolute and relative growth rate of residual meningioma vary. The growth rate of 

WHO grade 2 meningioma is unclear, as only three WHO grade 2 meningiomas were included 

in the review.  

The latest EANO guidelines recommend consideration of either fRT or SRS for residual WHO 

grade 1 meningioma, however this is not employed universally, for example due to patient or 

clinician preference, or discovery of residual meningioma on imaging many months after the 

original surgery. The guidelines recommend an individualised approach to meningioma 

management [22].  A large residual volume was identified as a significant variable in the two 
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studies that included it [18, 19], and recently, authors have reported post-operative tumour 

volume on MRI imaging to be more influential than Simpson grading at predicting recurrence 

[23].  

The Simpson grading system is still used worldwide, as advocated by international guidelines 

[22]. However recent studies highlight its inferiority in comparison to objectively assessed 

residual volume on post-operative MRI [24, 25]. Moreover, Simpson grade is over estimated 

in as many as one-third of meningioma operations [26].  

There was no consensus between studies on the effect of other variables such as the patient’s 

clinical characteristics, and imaging features including calcification, tumour location, and 

signal intensity. Sufficiently powered studies are needed to elucidate the effect of these 

variables on tumour growth.   

Certain molecular characteristics have been found to be predictive of regrowth of residual 

meningioma. The use of DNA methylation profiling has been used to predict disease 

progression more accurately than WHO grade and histology, and has been incorporated 

alongside Simpson grading in the development of meningioma recurrence calculators [27, 

28]. Methylation based molecular classifications were not included in any of the studies in 

this systematic review, but should be examined as a potential prognostic factor for regrowth 

in future studies [29]. Other possible molecular factors that influence the regrowth of residual  

meningioma include telomerase reverse transcriptase (TERT) promoter and BRAF V600E 

mutations, however they are only present in a small proportion of meningiomas [30, 31]. 

Likewise, the strong association of v-akt murine thymoma viral oncogene homolog 1 (AKT1), 

Tumour necrosis factor (TNF) receptor associated factor 7 (TRAF7)/ Kruppel-like factor 4 

(KLF4), and Smoothened (SMO) with skull base meningiomas, which demonstrate a more 
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favourable clinical course, may be used to stratify treatment strategies after subtotal 

resection [32]. The use of molecular profiling has been demonstrated to accurately identify 

meningiomas with high growth rates after complete resection, particularly due to loss of the 

repressive DREAM complex [33], and this may be translated to residual meningioma. 

The review is limited by the level of evidence in included articles, with four retrospective 

cohort studies analysed. This highlights the lack of studies available in the literature, and 

severely limits the findings of this manuscript. Heterogeneity of volume measurements and 

calculations, as well as different definitions and cut-offs for meningioma regrowth prevented 

pooled analysis of the data. There is no standardised definition of volumetric growth in 

meningioma, which undoubtedly leads to discrepancies in reporting, with some authors 

choosing time dependent definitions, and others using the absolute growth rate [18, 19, 34, 

35]. None of the studies utilised the same statistical methods to demonstrate outcomes. No 

studies used inter- or intra-observer reliability, or ICC to ensure congruity of volumetric 

measurements.  In addition, some variables associated with growth may be confounders by 

indication, for instance cranial nerve involvement and location may mean that meningiomas 

are less amenable to radical resection. Furthermore, many of the variables identified were 

done so using univariate analysis, and the effect of these variables on multivariable analysis 

is still unknown. Finally, none of the included studies analysed the molecular profiling of 

meningioma and its correlation with high growth rate, which is becoming an increasingly 

important consideration in meningioma studies. 
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CONCLUSIONS 

Volumetric growth of residual meningioma is scarcely reported. Residual and pre-operative 

meningioma volume may be associated with higher risk of re-growth, however this needs to 

be confirmed in higher quality studies due to the high risk of bias in many reported studies. 

Uniform, standardised or categorical definitions are required to assess the extent of regrowth 

of residual meningioma. 
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Table 1: PICOS inclusion criteria  

Review 
question 

In patients who have a residual meningioma after surgery, what is the volumetric growth 
rate of the residual tumour? 

Population Adults ≥16 years with an operated meningioma.  Studies with less than 10 patients/cases, 
NF2 or Radiation induced meningiomas, and patients that underwent adjuvant 
radiotherapy after surgery were excluded. 

Intervention Sub-total resection + active monitoring 

Comparator Not required 

Outcomes Primary Secondary 

Growth rates Survival 

Absolute growth rate (AGR) Variables associated with growth 

Relative growth rate (RGR) Progression free survival (PFS) 

Tumour doubling time  Overall survival (OS) 

Growth period/follow-up Recurrence free survival (RFS) 

Setting Studies taking place in any neurosurgical department or center 

Study 
design 

Phase 2, 3 or 4 trials, prospective case series and cohort studies with >10 adult patients 

Follow-up Post-operative follow-up of at least one year 
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Table 2: Baseline characteristics of included studies 

Author (year) Study design Single 
centre? 

Population 
size/number of 
meningiomas 

Mean age 
(range) 

Female: 
Male (%) 

WHO Grade WHO Grading 
system used 

% Tumour Location (N) Follow up 
(months) 

Materi (2020) Retrospective Single 141 56.55 (SD 
12.76) 

101:40 
(72:28) 

1 2007 9% Convexity (12) 
17% Parasagittal (24) 
12% Falcine (17) 
23% Sphenoid wing (34) 
7% Olfactory groove (10) 
15% Planum sphenoidale (21) 
10% Suprasellar (14) 
9% Tentorial (13) 
21% Posterior fossa (29) 
14% Cerebellopontine angle (20) 
3% Foramen magnum (4) 

Median 
(IQR): 45 
(22-72) 

Hunter 
(2017) 

Retrospective Single 23 54 (30-73) 16:7 
(68:32) 

1 NS 100% Petroclival (23) Mean 
(range): 
23 (0.1-
70) 

Nakamura 
(2005) 

Retrospective Single 36 53.14 (33-
79) 

26:10 
(72:28) 

33 Grade 1, 
3 Grade 2 

NS  33% Sphenoid wing (11) 
21% Petroclival (7) 
12% Tuberculum sellae (4) 
6% Cerebellopontine angle (2) 
6% Convexity (2) 
6% Frontobasal (2) 
6% Parasagittal (2) 
3% Tentorium (1) 
3% Jugular foramen (1) 
3% Optic nerve sheath (1) 
 

Mean 
(range): 
38 (4-122) 

Jung (2000) Retrospective Single 38 NS NS NS NS 100% Petroclival (38) Median: 
30 
Mean 
(SD): 48 
(6-141) 

SD= Standard deviation; IQR= Interquartile range; NS= Not stated/defined. 



 

 

Table 3: Definitions and measurements 

Author (year) Type of scans 
used for 
measurements 

Measurement 
tool 

Formula used for 
volume 
measurement 

ICC or inter 
observer 
reliability 
reported? 

Simpson 
grade 

Growth 
definition 

Monitoring intervals 

Materi (2020) Contrast 
enhanced T1 
weighted MRI 

Freehand Semi- automated 
PACS, Z Dimension 

✘ 4  >1.28cm3/year 48 hours after 
surgery, 3-month 
follow-up scan 

Hunter (2017) Contrast 
enhanced T1 
weighted MRI  

Freehand NIH Image J, 
manual tracing 
and interpolation 

✘ NS 20% volume 
increase 

1 day after surgery, 
NS 

Nakamura 
(2005) 

Contrast 
enhanced T1 
weighted MRI 
(1 patient CT) 

Freehand NIH Image J 
software, manual 
tracing and 
interpolation 

✘ NS NS NS 

Jung (2000) CT scans with 
contrast 
 

Freehand Ellipsoid formula: 

V =(
4πABC

3
) ∗ 23 

✘ NS ‘Regrowth on 
follow up CT or 
MRI images’ 

NS 

NS= Not stated/defined, ICC= Intraclass correlation coefficient, NIH= National institutes of health 



 
 

 

Table 4: Growth and recurrence rates 

Author 
(year) 

Residual 
volume 
(cm3) 

Growth 
rate per 
year (cm3) 

Relative 
growth rate 
(RGR) (%) 

Absolute 
growth 
rate 
(AGR) 

Tumour 
doubling 
time 
(years) 

Regrowth 
definition 

Recurrence of 
cohort (%) 

Time to 
recurrence 
(months) 

5-year 
survival  

Materi 
(2020) 

Median 
(IQR): 
2.31 
(0.98- 
5.16) 

Median 
(IQR): 0.09 
(0-1.39) 

Median 
(IQR): 5.11 
(0-37) 

NS NS Definitive growth 
of residual 
assessed by a 
neuroradiologist 

52 Median 
(IQR): 14 (6-
34) 

RFS: 
41% 

Hunter 
(2017) 

Mean 
(range): 
6.9 (0.1-
27.3) 
 
 

Median 
(IQR): 2.8 
(0.3-22.1) 

NS NS NS NS 67 NS NS 

Nakamura 
(2005) 

Mean 
(range): 
10.79 
(0.1-
45.04) 

Mean 
(range): 
1.51 
(0.009-
7.19) 
 

Median 
(range): 
14.18 
(0.5-90.9) 

NS Median 
(range): 
5.23 (1.07-
155.4) 

NS NS NS NS 

Jung 
(2000) 

NS Mean: 
4.94 

NS NS Mean: 
7.96 

Regrowth on 
follow up CT scans 
or MRI  

42 Median: 36  PFS: 60% 

IQR= Interquartile range, NS= Not stated, PFS= Progression-free survival, RFS= Recurrence-free survival, RGR= Relative growth rate.  



 

 

Table 5: Variables associated with tumour growth and recurrence 

Author 
(year) 

Age  Test used, 
effect size 

P value Sex Test used 
and effect 
size 

P value Pre-op 
tumour 
volume 
(cm3) 

Test used, 
effect size 

P 
value 

Residual 
tumour 
volume 

Test used, 
effect size 

P value 

Materi 
(2020) 

  NS NS NS ✘G 
 

Cox 
regression, 
OR 1.67 
(0.69-4.07)  

0.262 ✔R Cox 
regression, HR 
1.01 (1.00-
1.01) 

0.008 
 

  ✘R 
 

Cox regression, 
HR 1.01 (0.97-
1.07) 

0.531 

✘G Cox 
regression, OR 
1.01 (1.00-
1.02) 

0.111 ✔G Cox regression, 
OR 1.18 (1.08-
1.28) 

<0.0001 
 

Hunter 
(2017) 

  ✘G Spearman 
Rank, 0.30 

0.313 ✘G Mann-
Whitney U 
test 

0.733 NS NS NS  ✔G Spearman rank, 
0.86 

<0.001 

Nakamura 
(2005) 

✔G 

(<60 vs 
≥60) 

Student’s t test 0.041 ✘G Student’s t 
test 

0.09 NS NS NS NS NS NS 

Jung 
(2000) 

✔G 

(<50 vs 
≥50) 

Wilcoxon rank-
sum 

0.040 
 

✘G Wilcoxon 
rank-sum 

0.114 
 

✘G 
(<4.5 vs 
≥4.5) 

Wilcoxon rank-
sum 
 

0.391 
 

NS NS NS 

✘R  
(<50 vs 
≥50) 

Wilcoxon rank-
sum 

0.1916 NS NS NS ✘R Wilcoxon rank-
sum 
 

0.737 NS NS NS 

HR: Hazard ratio, OR: Odds ratio, ✔= Variable identified as significant, ✘= Variable not significant, NS: Not stated/analysed, R Risk factor for recurrence, G Risk 
factor for tumour growth 



 

 

Table 6: Other prognostic factors reported 

Author (year) Calcification Test used, effect size 
and p value 

Location Test used, effect size and p 
value 
(Cox regression) 

T2 
hyperintensity 

Test used, effect 
size and p value 

Other tests used Test used, effect size and p 
value 

Materi (2020) 
 
 
 
 
 
 
 
 

NS 
 
 
 
 
 
 
 

NS ✘G Falcine OR 2.15 (0.68-6.80), p=0.262 NS NS  
 
 
 
 

✔ R African American race (CR) HR 1.81 (1.04-3.15), 
p=0.044 

✔R Falcine  HR 2.22 (1.18-4.16), p=0.021 

✘G Tentorial OR 2.10 (0.47-9.34), p=0.339 

✔R Tentorial  HR 2.41 (1.20-4.83), p=0.024 ✘G African American race 
 

(CR) OR 0.30 (0.09-1.10), 
p=0.056 

✘G Sphenoid wing OR 1.68 (0.57-4.92), p=0.352 

Hunter (2017) ✘G 

 

(MW) >0.999 NS NS ✘G (MW), p=0.061 ✔G CNVI palsy (MW) 0.03  

✔G EOR (S) 0.018 

✘G BMI (S) 0.484 

✘G Pre-op growth rate (S) 0.919 

✘G Peritumoural oedema (MW) >0.999 

✘G CNIII, CNVII, or CNX palsy (MW) 0.889, 0.864, 0.571 

✔G Pial-cortical blood supply (MW) 0.031 

Nakamura (2005) ✔G (S) 0.01 (AG), 0.007 
(RG)  

NS NS ✔G (S), p=0.024 ✘G Pathology subtypes (S) Not significant (no p value) 

Jung (2000) NS NS NS NS NS NS ✔G Before menopause (WRS) 0.034 

✔G Radiation (WRS) 0.021 

✘G Sx <12 months (WRS) 0.626 

✘G CN Palsy initial symptoms (WRS) 0.589 

✘G Brainstem oedema (WRS) 0.558 

✘R Sx<12 months (WRS) 0.0973 

✘R Brainstem oedema (WRS) 0.1194 

✘R Tumour size>4.5cm (WRS) 0.7370 

✘R Lobular growth pattern (WRS) 0.2588 

✘R CN palsy initial symptoms (WRS) 0.7934 

✘R IICP initial symptoms (WRS) 0.7934 

✔= Factor identified as significant, ✘= Factor identified as not significant, NS= Not reported, EOR= Extent of resection, AG= Absolute growth, RG= Relative growth, BMI= Body Mass Index, IICP= Increased intracranial pressure (ICP), 
MW= Mann-Whitney test, S= Spearman rank, WRS= Wilcoxon-Rank Sum, RRisk factor for recurrence, GRisk factor for tumour growth, OR= Odds Ratio, HR= Hazard ratio, CR= Cox regression. 
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