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therapy offered to those with WHO grade 2 or 3 tumours, 
residual [5, 6], or recurrent disease [4].

Patients with meningioma have reduced life expectancy 
compared to the general population, with overall survival 
rates at 10 years for WHO grade 1, 2, and 3 meningioma 
being 81%, 63%, and 15%, respectively [7]. Many studies 
have reported that patients with meningioma have reduced 
health-related quality-of-life (HRQoL) in comparison to 
the normative population, across multiple domains such as 
social functioning, emotional wellbeing, general health, and 
return to work capabilities following treatment [8]. As inci-
dence and survival increases, understanding the impact of 
both meningioma occurrence, and impact of treatment, on 
HRQoL will become increasingly pertinent to both patients 
and clinicians [9].

Most studies on HRQoL in meningioma include only 
grade 1 meningioma [10–12], or have reported a combined 
cohort of WHO grades, consisting of mainly WHO grade 
1 meningiomas, reflective of the relative incidence of each 
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Meningioma is the most common primary intracranial 
tumour [1], with an incidence of 9.5 per 100,000, which 
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80 [2]. Most meningioma are WHO grade 1, accounting for 
80% of cases, with a smaller proportion being WHO grade 
2 (atypical) or 3 (malignant) [1]. Patients may present with 
symptoms such as headache, or signs such as neurologi-
cal deficit. An increasing number of meningioma are being 
detected incidentally through diagnostic imaging performed 
for other purposes [3]. The first line management of symp-
tomatic meningioma is surgical resection [4], with adjuvant 
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meningioma grade. Specific studies of WHO grade 2 and 3 
meningioma are less common [13, 14], with previous stud-
ies demonstrating increased rates of anxiety and depression, 
but conflicting evidence regarding HRQoL compared to the 
general population [15].

It is also unclear if any HRQoL differences exist between 
WHO grade 2 and 3, and WHO grade 1 meningioma. The 
latter often follow a different treatment pathway, have lower 
rates of recurrent disease, and survive longer. A system-
atic review focussing on WHO grade 2 and 3 meningioma 
would be helpful in identifying any differences between 
these groups and ensure healthcare services are responsive 
to the needs of these patients.

Methods

Search strategy

A systematic review was conducted according to the 
PRISMA guidelines and registered with PROSPERO 
(CRD42023441009). MEDLINE, EMBASE, and Cochrane 
Library databases were searched between inception and 
September 2023 using keywords that were approved by a 
clinical librarian (Supplementary Materials, Appendix 1). 
Reference lists of included articles were checked for addi-
tional studies. Search terms used included “atypical adj6 
meningioma*” and “malignant adj6 meningioma*” and the 
full Ovid MEDLINE search can be found in Supplemen-
tary Materials, Appendix 1, which was adapted for the other 
electronic databases.

Paper selection

Studies of adults (> 16 y.o.) with histologically-proven CNS 
WHO grade 2 and 3 cranial meningiomas who underwent a 
combination of surgery, radiotherapy, and stereotactic radio-
surgery and had health-related quality-of-life (HRQoL) 
data were included. Chemotherapy trials and trials of other 
systemic therapies were excluded. Study abstracts, animal 
studies, reviews, and case reports (up to 5 patients) were 
excluded. Only papers published in English were included. 
Two independent reviewers (W.H.C. and F.K.) screened 
all titles and abstracts for eligibility and categorised stud-
ies according to outcome type, in this case patient-reported 
quality-of-life. Disagreement was resolved with discussion 
and consensus, and when discussion failed to lead to con-
sensus, a third researcher mediated (C.S.G.).

Data extraction

Information was extracted from each article by two inde-
pendent reviewers (W.H.C. and F.K.) using pre-designed 
forms for study design, main inclusion criteria, subject 
characteristics (age, sex, CNS WHO grade, tumour loca-
tion, Simpson grade, adjuvant therapy, and functional sta-
tus), and study outcomes. The primary outcome of interest 
for this report was HRQoL. Timing of HRQoL assessment, 
questionnaire(s) used, and outcomes were extracted. Data 
are presented for all studies separately. No meta-analysis 
was performed due to the small number of studies and het-
erogeneity of the study populations, intervention strategies, 
and outcomes.

Assessment of reporting level of patient-reported 
outcomes in included articles

HRQoL outcome data reporting was assessed by two inde-
pendent reviewers (W.H.C. and F.K.) following criteria 
adapted from the International Society of Quality of Life 
Research (ISOQOL) (Supplementary Materials, Supple-
mentary Table 1) [16]. Eighteen points was the maximum 
score possible and a score of 13/18 was deemed sufficient 
reporting in a similar manner to previous publications [17, 
18].

Results

Study characteristics

In total, 4859 articles were identified from three electronic 
databases, 3326 were screened after de-duplication, 770 
articles were selected for full-text analysis and 15 were cat-
egorised as including HRQoL outcomes, including three 
studies found through citation searching (Fig. 1; Table 1) [8, 
13–15, 19–29]. Of the 15 included articles, five studies were 
prospective and 10 were cross-sectional. Study population 
ranged from 45 to 249 patients with all CNS WHO grades of 
meningioma. Two studies investigated CNS WHO grade 2 
and 3 meningiomas only [15, 24], all others included grade 
1 meningiomas too. On average, 17% and 6% of menin-
gioma in these studies were WHO grade 2 and 3, respec-
tively. Most studies did not report HRQoL outcomes for 
CNS WHO grade 2 and 3 tumours separately [8, 13, 14, 
19–23, 25]. Four studies included all grades of meningioma 
and assessed the effect of WHO grade on HRQoL [26–29].

One study had age-matched controls [26], another used 
caregivers of meningioma patients as controls [21], eight 
studies compared their results to normative results in the 
general population [8, 13, 15, 19, 20, 22, 27, 29], and five 
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studies did not have control groups [14, 23–25, 28]. Surgery 
was the primary treatment modality in all studies. Radio-
therapy of some sort was employed for different proportions 
of patients in most other studies [8, 13–15, 19–21, 24, 25]. 
Two studies compared HRQoL in conservatively and opera-
tively managed meningiomas [8, 21].

HRQoL tools included EORTC QLQ-C30 [8, 19, 20, 28], 
QLQ-BN20 [8, 19–21, 28], RAND SF-36 [8, 13, 21–23], 
EQ-5D-5L [23, 29], EQ-5D-3L [14, 15], FACT-Br [15, 27], 
FACT-G [25, 27], SF-HLQ [21], MDASI-BT [25], and a 
Chinese questionnaire based on WHOQOL-100 [26]. One 
study used an unspecified 25-item questionnaire [24]. 
HRQoL questionnaires were completed a mean of 6.4 years 
following treatment for studies reporting average follow-up 
time and were also measured earlier in treatment courses in 
a number of studies [13, 14, 19, 23].

Data from included studies are summarised in Table 1. 
Significant and clinically relevant results from the original 
studies are reported here.

HRQoL of CNS WHO grade 2 and 3 meningioma 
versus grade 1

Only four included studies recruited all WHO grades of 
meningioma and reported on the impact of WHO grade in 
HRQoL. Both Wirsching et al. and Kofoed Lauridsen et 

al. found that higher WHO grade did not predict inferior 
HRQoL at 1 year and 7 years postoperatively, respectively, 
although the latter only included subfrontal meningiomas, 
while the former adjusted for meningioma location [27, 
28]. Ganefianty et al. reported that WHO grade was asso-
ciated with worse HRQoL on univariate but not multivari-
ate analysis with 57% of their included patients harbouring 
WHO grade 2 meningioma but meningioma location was 
not reported [29]. Miao et al. demonstrated that WHO grade 
was a significant predictor of worse HRQoL on multivari-
ate analysis that also adjusted for meningioma location [26].

HRQoL of CNS WHO grade 2 and 3 meningioma 
versus normative data and healthy controls

Clinically relevant HRQoL impairments across several 
domains were reported by most studies that compared 
their results to normative populations [8, 13, 20–22, 26, 
29]. However, these studies did not report standalone com-
parisons between WHO grade 2 and 3 meningioma and 
normative populations. One study of WHO grade 2 and 3 
meningioma compared their results to normative data and 
their main outcome was a specifically increased rate of 
anxiety and depression in meningioma [15]. Other results 
from this study included a lower proportion of meningioma 
patients reporting ‘full health’– 15% vs. 44% in the general 

Fig. 1  PRISMA 2020 flow diagram of database search, screening, and eligibility assessment for the present study. Eligible studies were categorised 
according to outcome and 15 studies were identified as reporting HRQoL outcomes
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[21], although none had measured HRQoL pre-operatively 
[21, 22, 29]. Increased WHO grade was associated with 
reduced HRQoL in one of these studies on univariate, but not 
multivariate analysis [29]. Four studies reported no change 
in HRQoL following surgery [8, 15, 23, 24], although only 
two studies measured HRQoL pre-operatively [23], or had 
a non-operative cohort [8]. Two studies investigated WHO 
grade 2 and 3 meningioma only but did not measure HRQoL 
pre-operatively [15, 24].

HRQoL in meningioma patients before and after 
intervention (radiotherapy)

In one study that looked at meningioma patients managed 
with radiation, either primary, adjuvant, or salvage, global 
health status was rated lower than normative populations 
with decreased physical, cognitive, and social function, 
with corresponding increases in fatigue, pain, and other 
symptoms [20]. Another study investigated HRQoL before 
and after stereotactic radiotherapy, given to all patients, and 
found that there was a decline in mean values of HRQoL 
parameters after treatment, down from a reduced baseline 
relative to a normative population, but normalised towards 
their initial (reduced) values after 12 months [13]. The study 
population included WHO grade 2 and 3 tumours (com-
bined 22% of total) but these higher grade tumours were not 
reported separately [13]. Proton beam therapy did not have 
a negative impact on HRQoL in the only study investigating 
the intervention, but did not report on WHO grade 2 and 3 
meningioma specifically [19].

Assessment of reporting level of HRQoL data in 
included articles

Reporting level of HRQoL data from included studies is 
summarised in Table 2. Mean and median reporting level 
scores were 14 (range 6–17) and 13 articles had HRQoL data 
that was deemed sufficiently reported (≥ 13 points, Table 2). 
All articles described the generalisability of their HRQoL 
findings and most included a copy or reference of the instru-
ment used (93%), described their HRQoL outcome in the 
title or abstract (87%), stated their HRQoL hypothesis in the 
introduction (87%), described raw HRQoL data (87%), and 
included adequate interpretation of their HRQoL findings 
(87%). Most articles did not report on HRQoL methodology 
and statistics (20% and 27%). On other criteria, 60–80% of 
articles scored the highest possible score.

population. Otherwise, meningioma patients that answered 
the surveys (25.5% of total study population) reported com-
parable HRQoL to the general population [15].

Psychological health, employment status, and other 
patient-reported outcomes

Most included studies reported decreased psychological 
health in meningioma patients relative to controls or nor-
mative data. One study of HRQoL in WHO grade 2 and 3 
meningioma did not report on psychological or role func-
tioning outcomes [24]. The other study of exclusively 
WHO grade 2 and 3 meningioma reported an increase in 
symptoms of anxiety and depression compared to the gen-
eral population a median of 12 years postoperatively [15]. 
A study in which 67% of patients had either WHO grade 2 
or 3 meningioma found that after surgery, 70% of patients 
reported problems with anxiety or depression and usual 
activities [29]. This study also found that 31% of patients 
were independent, 59% had mild dependence, and 6%, 3%, 
and 2% had moderate, severe, and total dependence up to 
1 year postoperatively, respectively [29]. One study that 
included a small proportion (~ 8%) of WHO grade 2 sub-
frontal meningioma found that patients had less anxiety and 
depression than reference populations a mean of 7.1 years 
postoperatively [27].

Of the other included studies, some found that mental 
health, including anxiety and depressive symptoms were 
improved with treatment [13, 14, 19, 23, 28], while others 
found that emotional wellbeing was still worse than refer-
ence populations after treatment [8, 21, 26], or worse for 
certain age groups [22]. Depressive symptoms were less 
likely to change postoperatively than anxiety [23]. Cogni-
tive symptoms were prominent and less likely to improve 
[8, 19, 20, 25, 28]. There was no clear trend for role func-
tioning with more studies demonstrating deficits [8, 20, 21, 
28], some demonstrating improvements [23, 28], one study 
showing a decrease with radiotherapy followed by normali-
sation back to baseline [13], and another demonstrating no 
change after proton therapy [19].

HRQoL in meningioma patients before and after 
intervention (surgery)

Four studies reported an improvement in HRQoL after 
surgery for meningioma; three had measured HRQoL pre-
operatively [14, 26, 28], and in another study improvement 
was implied and better than the general population [27]. Of 
these four studies, WHO grade was unrelated to HRQoL in 
two studies [27, 28], negative in another [26], and not evalu-
ated in the other [14]. Three studies reported a decrease in 
HRQoL following surgery, especially following re-resection 
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Two studies evaluated both operatively and non-opera-
tively managed meningiomas and observed no significant 
difference in HRQoL between the groups [8, 24]. While 
this appears in contrast to the results of studies that dem-
onstrated improved HRQoL with surgery, different patient 
selection or selection bias probably accounts for these dif-
ferences. Meningioma that are observed are more likely to 
be small, slow growing, and not causing symptoms, which 
likely confers more favourable HRQoL [4].

Radiotherapy is controversial in WHO grade 2 menin-
gioma but commonly offered in grade 3 meningioma [4]. 
Radiation-associated symptoms or ‘toxicity’ are problem-
atic for patients with CNS tumours and form part of the 
risk-benefit decision making process for deciding whether 
to offer adjuvant radiotherapy or use it as salvage therapy 
for recurrent or progressive disease [39]. Institutions rep-
resented by the included studies report different standards 
of care regarding adjuvant radiotherapy, which has resulted 
in different proportions of patients receiving radiotherapy 
and making comparison and synthesis of these studies more 
difficult.

A systematic review of HRQoL in meningioma that 
focussed largely on WHO grade 1 tumours was published in 
2016 [17]. Three studies included in the present systematic 
review were also featured in the 2016 review [13, 14, 26], as 
the only three studies including WHO grade 2 or 3 menin-
gioma. The authors reached similar conclusions to the pres-
ent review, specifically that meningioma patients generally 
report lower HRQoL than healthy controls, HRQoL after 
radiotherapy was comparable to pre-treatment HRQoL, 
but interestingly, long-term follow-up showed persistent 
reduced HRQoL relative to healthy controls. The authors 
graded their included studies’ patient-reported outcome 
reporting lower than in the present review, perhaps reflect-
ing the different grading tools used. Another more recent 
review looked at the effect of WHO grade in three studies, 
two of which were included in the present review, and found 
a significant negative relationship with HRQoL in one study 
and no association in the other two studies [40]. While the 
present review focussed on WHO grade 2 and 3 meningi-
oma, all but two included studies also reported on WHO 
grade 1 meningioma, which always outnumbered WHO 
grade 2 and 3 meningioma in each study population, due 
to the relative incidence of each WHO grade. A key finding 
of the present review is that HRQoL in WHO grade 2 and 3 
meningioma is reported rarely. Even if WHO grade 2 and 3 
meningiomas are included in studies reporting on HRQoL, 
they are very infrequently reported in subgroup analysis. 
The literature would be greatly enhanced by more of these 
studies reporting WHO grade 2 and 3 subgroup analysis.

HRQoL in patients with low- and high-grade glioma 
have been evaluated in similar studies [25], although the 

Discussion

While meningioma have generally favourable prognoses 
among primary CNS tumours, WHO grade 2 and 3 menin-
gioma have worse outcomes with recurrence rates ranging 
from 30 to 50% and 50 to 94% [30–33], respectively. Less is 
known about HRQoL in WHO grade 2 and 3 meningioma. 
The present systematic review identified reduced HRQoL 
in most of the 15 studies reported here that included WHO 
grade 2 and 3 meningioma, although only two studies exclu-
sively reported on WHO grade 2 and 3 meningioma [15, 24], 
and four further studies considered WHO grade in statistical 
analysis [26–29]. Of the 13 studies reporting on all WHO 
grades, 17% and 6% of patients were grade 2 and 3, respec-
tively. QLQ-C30, QLQ-BN20, SF-36, and EQ-5D question-
naires were the most common HRQoL surveys used.

WHO grade 2 and 3 meningioma were associated with 
reduced HRQoL in two studies that reported direct com-
parison and no difference in another two. Psychological 
domains were reduced in most studies compared to nor-
mative data or controls including in one of the two studies 
reporting on WHO grade 2 and 3 tumours exclusively [15]. 
Mental health appeared to improve with treatment in some 
studies but not all and depressive symptoms improved less 
than anxiety symptoms. Cognitive symptoms were common 
and generally persisted after treatment. Surgery was asso-
ciated with improved, reduced, and unchanged HRQoL in 
near equal proportions of studies and radiotherapy was asso-
ciated with unchanged or reduced HRQoL. Study outcomes 
could not be pooled due to heterogenous patient cohorts, 
treatment regimens, and HRQoL questionnaires. The level 
of HRQoL reporting of most articles was of good qual-
ity although methodology was uniformly poorly reported 
and only three survey tools have been validated for use in 
meningioma patients including the FACT-G/FACT-BR [34], 
and a study-specific questionnaire used by Miao et al. [35].

Reduced HRQoL in meningioma is related to symptoms 
of raised intracranial pressure (including headaches, visual 
changes), neurological deficit (including weakness, visual 
loss, speech loss), seizures, and endocrine dysfunction in 
sellar region meningiomas [36]. Many of these symptoms 
and signs are more prominent in WHO grade 2 and 3 menin-
giomas which grow faster, become larger, and often invade 
the brain [37].

Improved HRQoL following surgery for meningioma 
could be explained by the reversal of mass effect caus-
ing raised intracranial pressure, its associated symptoms, 
and neurological deficits. Seizures can also improve after 
meningioma surgery [38]. Few of the studies included in 
this review attempted to build multivariate models to con-
trol for symptoms and neurological deficits that could be 
contributing to the reduction in HRQoL.
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individual impacts of WHO grade and meningioma location 
on HRQoL. A core outcome data set for meningioma may 
help guide selection of appropriate tools [46].

Conclusions

The present systematic review summarises 15 studies 
reporting on HRQoL in patients with WHO grade 2 and 3 
meningioma. Most questionnaires used have not yet been 
validated in meningioma patients, although many have been 
validated in other types of brain tumours with worse prog-
noses. Reporting quality of HRQoL outcomes was gener-
ally good although most studies did not adequately report 
on their methodology. Results of the included studies are 
mixed as to the effect of WHO grade on HRQoL but sug-
gest worse HRQoL outcomes with higher WHO grades. 
These conclusions are limited by the small number of stud-
ies exclusively recruiting or analysing WHO grade 2 and 3 
meningioma and future work in this area would benefit from 
larger prospective studies of more patients with grade 2 and 
3 meningioma with validated meningioma-specific HRQoL 
tools.
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significant difference in survival between grades of glioma 
makes comparison between grades more difficult. Low-
grade glioma itself has been shown to confer reduced 
HRQoL, especially in cognitive functioning, fatigue, and 
in association with seizures [41]. HRQoL is even worse 
in high-grade glioma [42]. Cognitive, fatigue, and seizure-
related effects on HRQoL could be considered consequences 
of the intra-axial nature of glioma, symptoms that are less 
common in meningioma [43], although few studies have 
compared HRQoL in meningioma with glioma [43].

Limitations

The present systematic review is limited by the heteroge-
neity of patient groups (primary, recurrent), inclusion and 
exclusion criteria, interventions (surgery, radiotherapy, 
other adjuvant therapy), timing of HRQoL measurement, 
and questionnaire differences. In the absence of high qual-
ity, unbiased data collected in a randomised controlled trial, 
it is difficult to compare HRQoL between treatment groups, 
e.g. surgery versus radiotherapy, and control for confound-
ing factors such as meningioma location and WHO grade. 
Furthermore, many included studies were limited by low 
response rates to questionnaires, which may represent a 
selection bias for groups of patients with or without certain 
symptoms including cognitive deficit.

There are two specific limitations in the ability to extract 
data on WHO grade 2 and 3 meningioma outcomes. Firstly, 
the small proportion of patients in these cohorts reduces the 
power of studies to associate higher grade meningioma with 
specific outcomes. Secondly, WHO grade 2 and 3 menin-
gioma have a different management paradigm which more 
commonly employs radiotherapy, which is poorly captured 
and heterogenous in reported series.

Implications for practice and research

The present study has demonstrated that patients with WHO 
grade 2 and 3 meningioma have reduced HRQoL relative to 
controls, in some cases many years after treatment. While 
the evidence base is small and heterogenous, this informa-
tion highlights the need for services to remain vigilant of 
patients’ long-term outcomes and care provision, even after 
patients have been discharged from neurosurgical services.

Future studies of HRQoL in WHO grade 2 and 3 menin-
gioma should involve the prospective recruitment of patients 
and completion of both standardised questionnaires com-
parable to large normative populations (QLQ-C30, QLQ-
BN20, SF-36) and meningioma-specific tools (MQoL [44], 
FACT-MNG [45]) that can account for the location-asso-
ciated deficits of certain meningioma, e.g. vision, speech, 
and olfaction. This information would aid in assessing the 
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