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Abstract 
Background.  The clinical management of patients with incidental intracranial meningioma varies markedly and 
is often based on clinician choice and observational data. Heterogeneous outcome measurement has likely ham-
pered knowledge progress by preventing comparative analysis of similar cohorts of patients. This systematic re-
view aimed to summarize the outcomes measured and reported in observational studies.
Methods.  A systematic literature search was performed to identify published full texts describing active moni-
toring of adult cohorts with incidental and untreated intracranial meningioma (PubMed, EMBASE, MEDLINE, and 
CINAHL via EBSCO, completed January 24, 2022). Reported outcomes were extracted verbatim, along with an 
associated definition and method of measurement if provided. Verbatim outcomes were de-duplicated and the 
resulting unique outcomes were grouped under standardized outcome terms. These were classified using the tax-
onomy proposed by the “Core Outcome Measures in Effectiveness Trials” (COMET) initiative.
Results.  Thirty-three published articles and 1 ongoing study were included describing 32 unique studies: study de-
signs were retrospective n = 27 and prospective n = 5. In total, 268 verbatim outcomes were reported, of which 77 
were defined. Following de-duplication, 178 unique verbatim outcomes remained and were grouped into 53 stand-
ardized outcome terms. These were classified using the COMET taxonomy into 9 outcome domains and 3 core areas.
Conclusions.  Outcome measurement across observational studies of incidental and untreated intracranial menin-
gioma is heterogeneous. The standardized outcome terms identified will be prioritized through an eDelphi survey 
and consensus meeting of key stakeholders (including patients), in order to develop a Core Outcome Set for use 
in future observational studies.

Key Points

• Outcomes measured in meningioma observational studies are highly heterogeneous.

• Fifty-three standardized outcome terms were created from 268 verbatim outcome terms 
extracted.

•  These will be prioritized through an eDelphi survey and consensus meeting to define a 
Core Outcome Set.

The outcomes measured and reported in observational 
studies of incidental and untreated intracranial 
meningioma: A systematic review  

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://
creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, 
provided the original work is properly cited.
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Meningiomas account for approximately one-third of all 
primary tumors of the central nervous system (CNS) and 
have increasing incidence with age (57.3 per 100 000 in 
adults over the age of 85).1 Median age at diagnosis is 66 
years and females are affected more often than males (12.4 
vs. 5.5 per 100 000 population).1 Meningiomas are classi-
fied according to The World Health Organization (WHO) 
Classification of Tumours of the Central Nervous System 
into 3 grades and 15 histopathological subtypes, with the 
most recent version incorporating molecular markers for 
the first time.2 Most (80.4%) are benign (WHO grade 1), 
while 17.9% are atypical (WHO grade 2) and 1.6% malig-
nant (WHO grade 3).2

Ionizing radiation and exposure to high-dose 
cyproterone acetate are well-established environmental 
risk factors for the development of meningioma, while 
the most common genetic predisposing condition is NF2-
schwannomatosis.3–5 In the absence of tumor-related 
symptoms and the aforementioned risk factors, a me-
ningioma is considered to be an incidental finding. In a 
meta-analysis of incidental brain imaging findings from 16 
studies and nearly 20 000 patients, incidental meningioma 
accounted for 15% of all incidental findings and the overall 
number needed to scan to identify an incidental menin-
gioma was 345.6 The prevalence of incidental meningioma 
is estimated at 5 per 1000 persons.7 Incidentally discovered 
asymptomatic meningioma accounts for 20% of all newly 
diagnosed meningioma.8 Symptom development during 
follow-up for patients with an incidental meningioma is es-
timated to be 0%–8%; however, the risk of growth is esti-
mated to be between 10% and 70%.9,10

International consensus guidelines currently recom-
mend interval MRI monitoring as the first-line manage-
ment strategy for an incidental meningioma; however, 
details surrounding interval timing, follow-up duration, 
and treatment indications are lacking.11 Subsequently, 
there exists heterogeneity in imaging use which leads to 
management decisions recommended to patients varying 
between active long-term MRI and clinical monitoring or 
upfront treatment with surgery or radiotherapy.12 The bal-
ance of the risks and benefits of active surveillance versus 
upfront treatment is not well defined.13

Clinical studies of incidental and untreated intracra-
nial meningioma are relatively uncommon and are pri-
marily single center and retrospective in design.9 Early 

studies primarily described characteristics and patterns of 
growth, whereas more recent studies have attempted to 
identify risk factors for growth.9 Definitions of growth or 
progression have not been uniform, which has hampered 
synthesis of results; for instance, some studies report ab-
solute changes in tumor size, while others report relative 
changes in tumor size. The Response Assessment in Neuro-
Oncology Meningioma Working Group has recommended 
that change with relation to time (rate) should be used, but 
this has been inconsistently applied.14

Recent work has attempted to accurately define risk 
factors for untreated meningioma growth. The Asan 
Intracranial Meningioma Scoring System and Incidental 
Meningioma: Prognostic Analysis Using Patient 
Comorbidity and MRI Tests (IMPACT) calculator stratify pa-
tients based on the imaging features of a meningioma into 
risk groups.15,16 Both scoring systems require external val-
idation in patients with an incidental or untreated menin-
gioma, and this could pave the way for prospective clinical 
studies. However, outcome measurements in studies such 
as these are heterogeneous, for instance, with respect to 
definitions of growth, and their associated metrics.

A Core Outcome Set (COS) is defined as the minimum 
set of outcomes that should be measured and reported in 
all clinical studies for a specific health condition or health 
area.17 COS development is in its infancy within the field 
of neuro-oncology, but efforts are underway.18 While COS 
are typically developed for use in randomized controlled 
trials, future prospective observational studies evaluating 
management strategies for patients with an incidental or 
minimally symptomatic meningioma could benefit from 
the implementation of a COS that is specific to this patient 
group. Outcomes that are considered to be core may well 
be different in this patient group in comparison to patients 
who are to receive therapeutic intervention. Harmonization 
of outcome measurement and reporting could reduce re-
search waste and allow meaningful comparison of results 
across similar studies, in order to pool data and formulate 
robust treatment strategies. This will be achieved within 
the remit of The COSMIC Project, an international effort 
to develop 2 COS for meningioma. COSMIC: Intervention 
is being developed for use in phase 2 and later, intracra-
nial meningioma clinical trials that are designed to inform 
clinical decision-making and improve clinical care for pa-
tients. COSMIC: Observation is being developed for use 

Importance of the Study

There is increasing interest in the clinical management 
of patients with incidental and untreated intracranial 
meningioma. Guidelines recommend interval MRI moni-
toring as first-line management but details surrounding 
interval timing, follow-up duration, and treatment indica-
tions are lacking. Observational research has provided 
limited evidence for current strategies. Variation in out-
come measurement makes data comparisons difficult. 
In this methodological review, we have systematically 
identified relevant observational research, extracted 

outcomes measured, and applied standardized outcome 
terms to those with similar meaning and context. The 
standardized outcome terms will be prioritized through 
an eDelphi survey and consensus meeting of key stake-
holders (including patients) in a subsequent step. This 
novel approach paves the way for the development of 
a Core Outcome Set (COSMIC: Observation) for use in 
future observational studies for this patient cohort. This 
work is one-half of The COSMIC Project (Development of 
Core Outcome Sets for Meningioma in Clinical Studies).
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in observational studies concerned with incidental, mini-
mally symptomatic, and/or untreated cohorts of patients 
with intracranial meningioma, that are designed to inform 
monitoring and decision to treatment strategies.19

The aim of this systematic review was to identify what 
outcomes have been measured and reported in observa-
tional studies of incidental and untreated intracranial me-
ningioma and what outcomes are being measured and 
reported in ongoing observational clinical studies. The re-
sults of this systematic review will be used to inform a long 
list of outcomes of potential relevance to key stakeholders, 
including patients with meningioma, which will be priori-
tized through established consensus methodology to de-
velop the COSMIC: Observation COS in a subsequent step.

Research Question

What outcomes are measured and reported in ongoing 
and published clinical studies describing cohorts of adults 
with incidental and untreated intracranial meningioma?

Methods

Inclusion Criteria

Full-text articles reporting results of observational studies 
that evaluated active monitoring strategies for adult co-
horts with incidental, minimally symptomatic, and/or un-
treated intracranial meningioma (based on a radiological 
diagnosis) were included. For the purposes of this system-
atic review, active monitoring was considered to be an in-
tervention and included clinical review (including history 
and clinical examination), testing (for instance, to obtain 
patient-reported, caregiver-reported, or performance out-
comes), and imaging (using any modality and with any 
frequency). A minimum of 20 intracranial meningioma 
patients per study was required. Patients were adults 
(18 years and above) of either sex, with a radiological di-
agnosis of sporadic intracranial meningioma, including 
patients with multiple meningioma and SMARCE1 loss-
related familial meningioma. Multiple publications relating 
to the same study were included but considered together, 
so repetition of data extraction was not performed (for in-
stance, interim results and subgroup analyses). Studies 
with a mix of brain tumor types whereby at least 20 pa-
tients had an intracranial meningioma were included. 
Online international trial registries were searched to iden-
tify ongoing trials meeting the aforementioned criteria 
(with an expected accrual greater than 20 patients). Only 
published trials and online trial registry entries written in 
the English language were included, due to limitations on 
resources.

Exclusion Criteria

Studies were excluded if they included fewer than 20 pa-
tients or if they principally described cohorts with spinal me-
ningioma, radiation-induced meningioma (eg, administered 

in childhood as an intervention for cancer), or associated 
with the genetic condition NF2-schwannomatosis.

Information Sources and Search Strategy

A detailed search strategy utilizing the search strings “me-
ningioma” AND “incidental” OR “untreated” was devel-
oped and translated to interrogate the following electronic 
bibliographic databases: PubMed, EMBASE, MEDLINE, 
and CINAHL via EBSCO. In addition, simple searches of 
the following trial registries were conducted: Cochrane 
Central Register of Controlled Trials, ClinicalTrials.gov, and 
the WHO International Clinical Trials Registry Platform. 
The search strategies are provided in Supplementary 
Appendix 1. The searches were first run on June 2, 2021. 
The searches were re-run on January 24, 2022, to identify 
any new records published since the first search.

Selection Process

Search results were downloaded from their respective 
online databases, and uploaded to the online platform 
Rayyan.20 Following de-duplication, 2 review authors 
(C.P.M. and A.I.I.) independently screened all titles and ab-
stracts that were retrieved according to the eligibility cri-
teria. Screening was performed on the Rayyan platform 
independently, and each review author was blind to the 
screening choices made by the other review author. For 
titles and abstracts that appeared to meet the eligibility 
criteria, and for those where a decision could not be con-
fidently made based on title and abstract alone, full-text 
copies were obtained. All full-text copies were independ-
ently screened to assess for eligibility by the same 2 review 
authors (C.P.M. and A.I.I.). No full-text eligibility checks 
required escalation to the senior review author (M.D.J.). 
The complete reference list of full-text titles included 
was screened to identify titles not identified through the 
searches. Trial registry searches were independently per-
formed by a single review author and screened against the 
same eligibility criteria (CPM) to identify ongoing studies 
not yet published that describe outcomes that will be 
measured and reported.

Data Items and Data Collection Process

Data were extracted from eligible articles and trial reg-
istry entries by a single review author (C.P.M.) into a 
custom-designed and piloted spreadsheet in Microsoft 
Excel (v16.34, Microsoft) following best practice de-
scribed by the COMET Initiative.17,21 The first 10% of in-
cluded titles were dual extracted by a second review 
author and confirmed consistency and accuracy of ex-
traction (A.I.I.).

The following data were extracted from each study 
as recommended by COMET17,21: study type, study pop-
ulation, first author, year and journal of publication, 
intervention(s) under investigation, each outcome re-
ported (recorded verbatim) from the study abstract, 
methods, or results, the definition of the outcome if 
provided, and whether it was a primary or secondary 
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outcome if stated. The indicator and/or tool(s) used to op-
erationalize or measure the outcome were also extracted 
when available. The number of verbatim outcomes per 
trial/study was recorded.

A trial or study outcome is a measurable variable exam-
ined in response to a treatment or intervention (including 
active monitoring for the purpose of this study). An out-
come was defined as “one that has original meaning and 
context.”22 Identical outcomes measured at multiple time 
points were not extracted as different unique outcomes.

Synthesis Methods

Tabulation and descriptive data analysis were performed 
in Microsoft Excel (v16.34, Microsoft) with the aim of 
de-duplicating verbatim outcomes extracted from in-
cluded studies into a list of unique outcomes, followed 
by grouping of unique outcomes under standardized out-
come terms where similar meaning and context exists. 
Given that there exists considerable heterogeneity in the 
definition of what constitutes a unique outcome, we util-
ized the method of data analysis as per Young et al.22 and 
classified outcomes according to the outcome framework 
proposed by COMET.17,23

Registration and Protocol

This study is registered with the Core Outcome Measures 
in Effectiveness Trials (COMET) database as study 
1508 and accessible at (https://www.comet-initiative.
org/Studies/Details/1508). Institutional review board 
(University of Liverpool) sponsorship and ethical ap-
proval have been obtained for The COSMIC Project (Ref 
UoL001601).

The review question and question format are summar-
ized in Table 1.

Results

Studies Identified

From 73 records identified following electronic biblio-
graphic database searching, 70 were screened for inclu-
sion after duplicates were removed, and 33 remained for 
full-text article eligibility checks. Four full-text articles were 

excluded due to the wrong study type (n = 2), ineligible 
patient cohort (n = 1), and too few patients (n = 1). Four 
additional full-text articles were identified and included 
following hand-searching of the literature, and 1 ongoing 
study was identified and included. After merging of linked 
full-texts, 32 unique studies were identified and included in 
the systematic review (Figure 1). Table 2 shows a summary 
of the characteristics of the 32 studies (details of the full 
texts are in Supplementary Appendix 2).

Outcomes Reported

In total, 267 individual verbatim outcome terms were 
identified from the 32 included studies. Following the 
de-duplication of identical outcomes (including those with 
variation in spelling, eg, tumour and tumor), 178 unique 
verbatim outcome terms remained. A standardized out-
come term was selected and applied to each unique ver-
batim outcome term in order to group those with similar 
meaning, for example, “absolute annual growth rate” 
and “annual growth rate” were grouped under “abso-
lute growth rate”. Two additional review authors checked 
the appropriateness and consistency of the standardized 
outcome terms applied to the unique verbatim outcome 
terms (A.I.I. and M.D.J.). This resulted in 53 standardized 
outcome terms. The unique verbatim outcome terms, their 
frequency of reporting, and the applied standardized out-
come terms are listed in Supplementary Appendix 3. The 
final list of standardized outcome terms, their reporting fre-
quency, and the number of those defined within their study 
of origin are listed in Supplementary Appendix 4.

Outcome Definitions

Of the 267 individual verbatim outcome terms identified 
in the included studies, 77 (29%) were accompanied by 
an outcome definition. Figure 2 shows the reporting fre-
quency of each standardized outcome term and the pro-
portion of each defined and undefined.

Mapping of Standardized Outcome Terms to the 
COMET Taxonomy

Each standardized outcome term was mapped to a COMET 
outcome domain. In total, 9 domains are represented. 
The 9 domains map to 3 overarching COMET core areas 

Table 1. SDMO (Studies, Data, Methods, and Outcomes) Table Summarizing Review Question and Question Format Structure

Review question What outcomes are measured and reported in ongoing and published observational studies describing 
cohorts of adults with incidental and untreated intracranial meningioma?

Types of studies Published or ongoing observational studies reporting results of active monitoring. Minimum of 20 pa-
tients recruited or planned.

Types of data Trial outcomes reported by article and registry authors that have been measured or plan to be measured 
in actively monitored cohorts.

Types of methods Choice of outcomes to be measured including outcome definition, method of measurement, and time-
point of measurement.

Outcomes Heterogeneity of outcome measurement and reporting across clinical studies.
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namely, death, physiological/clinical, and life impact 
(Supplementary Appendix 4). Table 3 shows the number 
of studies reporting an individual outcome from each 

outcome domain, the number of unique outcomes from 
each domain, and the number of standardized outcome 
terms from each domain.

Records identified through electronic
bibliographic database search

(n = 73)

Records after duplicates removed
(n = 70)

Records screened
(n = 70)

Id
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cr
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qu
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st
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s

Records excluded
(n = 37)

Full-text articles excluded
(n = 4)

Additional full-text articles included
(n = 4)

Ongoing studies included
(n = 1)

Reasons:
Wrong study type (n = 2)

Ineligible patient cohort (n = 1)
Too few patients (n = 1)

Full-text articles assessed
for eligibility

(n = 33)

Full-text articles included
(n = 29)

Unique published studies included
(n = 33)

Total unique studies included after merging of linked studies
(n = 32)

Figure 1. PRISMA flow diagram depicting the identification, screening, eligibility, and inclusion of unique published studies and ongoing studies.
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COMET Core Areas and COMET Outcome 
Domains Represented

COMET core area “Death”.—Five standardized outcome 
terms mapped to the COMET outcome domain “mortality/
survival” and 10 studies (31%) reported an outcome from 
this domain. Three of these standardized outcome terms 
concern binary events, namely “meningioma-specific mor-
tality,” “non-meningioma-specific mortality,” and “overall 
survival,” while 2 were composite outcomes, “growth-free 
survival” and “progression-free survival” (Supplementary 
Appendix 5). Heterogeneous outcome definitions were 
identified for “overall survival” (total definitions n = 5, 
unique definitions n = 4) and “progression-free survival” 
(total definitions n = 9, unique definitions n = 8).

COMET core area “Physiological/clinical”.—Thirty-six 
standardized outcome terms mapped to the COMET out-
come domain “nervous system outcomes” and 31 studies 
(97%) reported an outcome from this domain. One stand-
ardized outcome term mapped to “eye outcomes” and 

was reported by 4 studies (13%), and another standardized 
outcome term mapped to “general outcomes” and was re-
ported by 2 studies (6%).

When considered together, several distinct groups of 
standardized outcome terms emerged (see Supplementary 
Appendix 5). Four time-to-event standardized outcome 
terms addressed growth and progression. Two binary 
events standardized outcome terms addressed clinical/
radiological stability. Two binary events standardized out-
come terms addressing growth that precludes specific 
modalities of treatment. Six binary events standardized 
outcome terms concerning the need for treatments. Five 
clinician reported multiple category event standardized 
outcome terms addressing size and volume of tumor and 
edema. Ten clinician reported multiple category event 
standardized outcome terms addressed tumor growth, 
growth rate, and growth pattern. A clinician reported 
multiple category event standardized outcome terms ad-
dressing the development of neurological signs. Eight 
patient reported multiple category event standardized out-
come terms addressing symptom development.

Within this COMET core area, infrequent and heteroge-
neous outcome definitions were identified for a number 
of frequently reported standardized outcome terms which 
included “maximum diameter of the tumor” (total defin-
itions n = 4, unique definitions n = 4), “growth of tumor” 
(total definitions n = 17, unique definitions n = 17), “ab-
solute growth rate” (total definitions n = 9, unique defin-
itions n = 7), “relative growth rate” (total definitions n = 11, 
unique definitions n = 10), and “new symptoms” (total def-
initions n = 2, unique definitions n = 2). In addition, 2 fre-
quently reported standardized outcome terms were never 
defined within studies, including “need for surgery” and 
“tumor volume.”

COMET core area “Life impact”.—One standardized out-
come term mapped to each of the functioning domains of 
“physical functioning,” “emotional functioning/wellbeing” 
and “cognitive functioning,” and 2 studies (6%), 2 studies 
(6%), and 3 studies (9%) reported an outcome from each 
of these domains respectively. All 3 of these standardized 
outcome terms are multidimensional health measures, 
none of which were defined (Supplementary Appendix 5). 
One standardized outcome term mapped to the COMET 
outcome domain “global quality of life” and 3 studies (9%) 
reported an outcome from this domain. This standardized 
outcome term is also a multidimensional health measure 
and was not defined (Supplementary Appendix 5). Six 
standardized outcome terms mapped to the COMET out-
come domain “delivery of care” and 3 studies (9%) reported 
an outcome from this domain. All 6 of these standardized 
outcome terms are binary events, but only 1 definition was 
identified which was for the standardized outcome term 
“patient declined treatment” (Supplementary Appendix 5).

Indicator and/or Tool(s) Used to Operationalize or 
Measure Standardized Outcome Terms

Outcomes must be operationalized or measured and 
where possible, we have extracted the indicator and/or tool 
used to do this, as reported in the included studies. This 

Table 2.  Summary of Characteristics of Studies Included in 
Systematic Review

Characteristic N (No. of 
Studies)

Number of unique studies identified 32

Year of 
publica-
tion

1990–1999 2

2000–2009 9

2010–2019 13

2020–2022 8

Study 
type

Retrospective case-series 21

Retrospective cohort study 5

Retrospective case–control 
study

1

Prospective cross-sectional 
study

3

Prospective cohort study 2

N (No. of 
patients)

Study population Total no. in systematic 
review

4177

Median no. per study 67

N (No. of 
outcomes)

Study 
outcomes

Extracted 267

Median no. per study 7.5

With primary outcome  
designation

17

With secondary outcome 
designation

17

Defined 87
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information will be used after the COSMIC: Observation 
COS has been defined, in order to begin the process of 
selecting indicators and/or tools for operationalizing or 
measuring each included core outcome.

For binary event and time-to-event standardized out-
come terms, definitions of the events must be established. 
Similarly, for composite outcome standardized outcome 
terms, definitions of events must be established but also 
the events included. For clinician-reported multiple cat-
egory event standardized outcome terms, definitions of 
the events must again be established but also an indicator 

and/or tool(s). Finally, for multidimensional health meas-
ures, a tool(s) must be selected. We have extracted existing 
definitions from studies as previously described, but also 
extracted indicators and/or tools where available.

Indicator and/or tool(s) used to operationalize or 
measure multiple category event outcomes.—All 16 cli-
nician reported multiple category event standardized out-
come terms identified had at least 1 associated indicator 
and/or tool(s) identified (summarized in Supplementary 
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Figure 2. Reporting frequency of standardized outcome terms, along with the proportion of those defined vs undefined for each.

Table 3.  COMET Outcome Domains and their COMET core areas identified in the systematic review

COMET Core Area COMET Outcome Domain and 
No.

Studies Individual 
 Outcomes

Unique 
Outcomes

Standardized 
Outcome Terms

Death Mortality/survival (1) 10 29 15 5

Physiological/clinical Eye outcomes (7) 4 4 3 1

General outcomes (9) 2 2 1 1

Nervous system outcomes (17) 31 215 142 36

Life impact Physical functioning (25) 2 2 2 1

Emotional functioning/
wellbeing (28)

2 2 2 1

Cognitive functioning (29) 3 3 3 1

Global Quality of Life (30) 3 3 3 1

Delivery of care (32) 3 7 7 6

Total 9 32 267 178 53
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Appendix 6). Four were identified including radiological 
measurement (specified as being performed with MRI, 
CT, or MRI, or not specified), radiological assessment as 
per RANO criteria, mathematical calculations (performed 
from existing or acquired data points), and the Neurologic 
Functional Status Scale, used specifically in 1 study 
evaluating the standardized outcome term “neurological 
signs.” For the purpose of this work, a comprehensive anal-
ysis of heterogeneity is not yet required, as which stand-
ardized outcome terms will be included in the COSMIC: 
Observation COS is yet to be determined.

Of the 8 patient reported multiple category event stand-
ardized outcome terms identified, 6 concerned specific 
symptoms, while 2 concerned symptoms as a whole, 
“worsening symptoms” and “new symptoms” (summar-
ized in Supplementary Appendix 6). The only tools identi-
fied were those associated with the standardized outcome 
term “fatigue,” which included “Profile of Mood States” 
and “Brief Fatigue Inventory” and the Brain Cancer Module 
(BCM20) associated with the standardized outcome term 
“new symptoms.”

Indicator and/or tool(s) used to operationalize or 
measure multidimensional health measures.—At least 
1 instrument was associated with each of the four multi-
dimensional health measure standardized outcome terms 
identified (summarized in Supplementary Appendix 6). 
The Barthel Index and Karnofsky Performance Status scale 
were associated with “Physical functioning,” the Hospital 
Anxiety and Depression Scale was associated with “emo-
tional functioning,” 2 neurocognitive test batteries were 
associated with “neurocognitive functioning,” and the 
36-Item Short Form Survey (SF-36) and the EORTC Core 
Quality of Life questionnaire (EORTC QLQ-C30) were asso-
ciated with “overall quality of life” (only items 29 and 30 
were utilized).

Discussion

Through a systematic approach, we have identified 178 
unique outcomes measured and reported in 32 clinical 
studies of incidental, minimally symptomatic, and un-
treated intracranial meningioma. After grouping unique 
outcomes with the same or similar meaning, we gener-
ated 53 standardized outcome terms which were classi-
fied using the COMET taxonomy into 9 outcome domains 
and 3 core areas. Two-thirds of the standardized outcome 
terms generated were from the domain “nervous system 
outcomes.” The most frequently reported standardized 
outcome terms were “maximum diameter of the tumor,” 
“growth of tumor,” “absolute growth rate,” “relative 
growth rate,” and “new symptoms”. However, outcome def-
initions and methods of outcome measurement were het-
erogeneous and not always reported. A third of the studies 
included a “mortality/survival” outcome.

Healthcare professionals and patients want to know if 
an asymptomatic intracranial meningioma will grow and 
become symptomatic, such that it will require treatment 
within their lifetime. However, the absence of high-quality 
observational evidence to inform clinical practice probably 

results in patients undergoing unnecessary interventions, 
having prolonged periods of observation, or even loss of 
therapeutic options or curability. A quarter of the studies 
included in this systematic review were published after the 
year 2020. This demonstrates the increasing interest in this 
health area by healthcare professionals and researchers, 
which may be a response to greater detection of incidental 
intracranial meningioma detected with the increased 
use of MRI. However, the majority of these observational 
studies are retrospective, with large limitations in study 
design. This likely adds to the heterogeneity in outcome 
measurement observed and further justifies the develop-
ment of a COS for this health condition.

This is the first systematic review identifying outcomes 
measured and reported in patients with incidental, min-
imally symptomatic, and untreated intracranial menin-
gioma. We have applied rigorous methodology to identify 
studies and their outcomes, followed by domain categori-
zation with study advisory input from experts. The 3 “func-
tioning” domains and the domain “global quality of life” 
were reported infrequently. We know that patients with 
asymptomatic, incidental, and untreated intracranial me-
ningioma suffer from a wide range of issues, including 
impaired functioning and health-related quality of life.24 
Therefore, although we identified these domains infre-
quently, they will be advanced through consensus meth-
odology to allow key stakeholders to rate and discuss their 
importance for inclusion in the COSMIC: Observation COS.

There are some limitations to this systematic review. 
First, the searches identified full texts written only in the 
English language. Therefore, there may be studies and, 
moreover, unique outcomes that we have not identified. 
In addition, only full-texts with a minimum of 20 patients 
were included. This arbitrary cut-off served to exclude 
studies with low patient numbers, that are likely to be 
of lower quality and limited value to the review process. 
One does not need to identify every paper of relevance, 
as the purpose of this methodological review is to sample 
the literature. This is an accepted method for limiting the 
search results when the objective is to perform a meth-
odological sampling review. Despite both of these limita-
tions, we generated 53 standardized outcome terms, and 
are confident that an accurate breadth has been achieved. 
Furthermore, participants recruited to the latter stages of 
The COSMIC Project will have the opportunity to add new 
outcomes that they feel are not represented by those in the 
eDelphi survey, and this should mitigate against the loss of 
unique outcomes that we may have missed. Data extrac-
tion was performed by a single review author; the principal 
investigator for The COSMIC Project (CPM). While dual ex-
traction of data is preferable, there were both financial and 
personnel limitations preventing this. This was mitigated 
by maintaining a low threshold for extracting potential 
unique study outcomes to ensure none were missed. As 
the first 10% of included studies were dual extracted by a 
second review author (A.I.I.), we believe consistency and 
accuracy of extraction was achieved.

The purpose of this methodological review was to en-
able the development of a COS for observational studies 
of patients with incidental and untreated meningioma. 
Therefore, it is important that the types of studies included 
in this review contribute data that is both applicable and 
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relevant to the target population that shall be the sub-
ject of the COS that is developed. To this end, it was nec-
essary to exclude studies that included patients with 
NF2-schwannomatosis as these studies would invari-
ably include outcomes that are reflective of the wider 
syndrome, thereby confounding the COS development 
process. This strategy was strongly supported by the 
study advisory group. The best practice would be to de-
velop a COS that is specific to NF2-schwannomatosis, 
which utilizes the NF2-schwannomatosis literature and 
includes representative stakeholders, including patients 
with NF2-schwannomatosis to develop a COS that in-
cludes outcomes that are most relevant to this unique pa-
tient population. Conversely, there was no good scientific 
reason to exclude SMARCE1 loss-related familial menin-
gioma or cohorts of patients with multiple meningioma as 
no confounding factors could be identified that would have 
hampered the COS development process. Therefore, these 
nuanced examples of patient populations that were eli-
gible for inclusion have been exemplifed for transparency. 
Ultimately, the eligibility criteria for inclusion of studies 
in this methodological review (and the scope of the COS 
that is ultimately developed), cannot be too broad, or inclu-
sive of patient populations that would confound the core 
outcomes advanced to the final COS (which may not be 
relevant to all patients with an incidental or untreated in-
tracranial meningioma undergoing observation).

There is increasing interest in the natural history and 
clinical management of patients with incidental intra-
cranial meningioma, and future prospective studies are 
anticipated. Our findings in this review demonstrate 
that the outcomes measured and reported in the rele-
vant literature are both heterogeneous as well as poorly 
and variably defined. Development of a COS for future 
clinical studies of incidental and untreated intracranial 
meningioma is therefore justified and will harmonize out-
come reporting and reduce research waste for this health 
area. The standardized outcome terms generated in this 
systematic review will be rationalized and used to pop-
ulate a modified eDelphi survey which will be completed 
by key stakeholders, including patients. A consensus 
meeting of key stakeholders will take place to ratify the 
final COSMIC: Observation COS. This process of informa-
tion gathering followed by consensus methodology fol-
lows best practices as outlined by COMET. Further work 
will be required to determine how to measure each core 
outcome, but data generated from this systematic review 
on “how” outcomes were measured will provide the 
basis for this.

Supplementary material

Supplementary material is available online at Neuro-
Oncology (https://academic.oup.com/neuro-oncology).
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