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Abstract 

Background.  Meningioma clinical trials have assessed interventions including surgery, radiotherapy, and phar-

macotherapy. However, agreement does not exist on what, how, and when outcomes of interest should be meas-

ured. To do so would allow comparative analysis of similar trials. This systematic review aimed to summarize the 

outcomes measured and reported in meningioma clinical trials.

Methods.  Systematic literature and trial registry searches were performed to identify published and ongoing 

intracranial meningioma clinical trials (PubMed, Embase, Medline, CINAHL via EBSCO, and Web of Science, com-

pleted January 22, 2022). Reported outcomes were extracted verbatim, along with an associated definition and 

method of measurement if provided. Verbatim outcomes were deduplicated and the resulting unique outcomes 

were grouped under standardized outcome terms. These were classified using the taxonomy proposed by the 

“Core Outcome Measures in Effectiveness Trials” (COMET) initiative.

Results.  Thirty published articles and 18 ongoing studies were included, describing 47 unique clinical trials: Phase 

2 n = 33, phase 3 n = 14. Common interventions included: Surgery n = 13, radiotherapy n = 8, and pharmacotherapy 

n = 20. In total, 659 verbatim outcomes were reported, of which 84 were defined. Following de-duplication, 415 

unique verbatim outcomes remained and were grouped into 115 standardized outcome terms. These were classi-

fied using the COMET taxonomy into 29 outcome domains and 5 core areas.

Conclusions.  Outcome measurement across meningioma clinical trials is heterogeneous. The standardized out-

come 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 meningioma clinical trials.

Key Points

1. Outcomes measured in meningioma clinical trials are highly heterogeneous.

2. One hundred and fifteen standardized outcome terms were created from 659 verbatim 
outcome terms that were extracted.

3. These will be prioritized through an eDelphi survey and consensus meeting to define a 
core outcome set.

The outcomes measured and reported in intracranial 

meningioma clinical trials: A systematic review  
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Meningiomas account for 39% of all primary tumors of 

the central nervous system, and have an estimated age-

adjusted incidence of 9.1 per 100 000 population per year, 

increasing to 57.3 per 100 000 in adults over the age of 85.1 

They are more than twice as common in females (12.4 vs. 

5.5 per 100 000 population), and the median age at diag-

nosis is 66 years.1 The World Health Organization (WHO) 

classification of tumors of the central nervous system de-

scribes 3 grades and fifteen histopathological subtypes of 

meningioma, with the latest version incorporating molec-

ular markers for the first time.2 Distribution by WHO grade 

is currently as follows; 80.4% benign (WHO grade 1), 17.9% 

atypical (WHO grade 2), and 1.6% malignant (WHO grade 

3).2

For meningiomas that cause symptoms, threaten 

neurovascular structures, or demonstrate interval growth 

on imaging, a treatment intervention is warranted, and 

surgical resection is usually the first-line management 

strategy, although stereotactic radiosurgery may be used 

for small tumors.3,4 For patients who are poor surgical can-

didates, or have inoperable, residual, or recurrent disease, 

radiotherapy may be used as either primary or adjuvant 

treatment. For all meningiomas, there exists a long-term 

risk of recurrence, and important research questions re-

main to be answered concerning the management of such 

patients. For grade 3 meningioma, recurrence is inevitable 

and surgery and radiotherapy options become exhausted 

over time.

Clinical trials for intracranial meningioma are un-

common, but have largely explored treatment options for 

patients with high-grade, recurrent, and progressive dis-

ease. For instance, 2 phase 2 studies have investigated the 

efficacy of adjuvant radiotherapy following surgical resec-

tion of high-grade meningioma; radiation therapy oncology 

group 05395 and the European Organization for Research 

and Treatment of Cancer (EORTC) 22 042,6 and there are 2 

phase 3 randomized controlled trials to be reported which 

aim to establish the role of adjuvant radiotherapy after 

gross-total resection of WHO grade 2 meningioma; ROAM/

EORTC 13087 and NRG-BN003.8 Despite multiple studies 

investigating a wide range of agents, no effective phar-

macotherapy treatments have been identified, possibly 

due to the recruitment of heavily pretreated patients with 

heterogeneous pathology, treatment-resistant tumor cells, 

and limited knowledge of the disease biology.3,4 Most re-

cently, Preusser et al.9 reported results for the first prospec-

tive randomized clinical trial for patients with grade 2 or 3 

meningioma. The trial randomized patients to trabectedin 

(a tetrahydroisoquinoline alkaloid) versus local standard of 

care (physician’s choice). This multi-center study recruited 

90 patients with more homogenous pathology over 22 

months and provides the best evidence for progression-

free survival (PFS) and overall survival (OS) in this patient 

population, and shows that prospective controlled trials 

are possible—despite the relative rarity of patients in each 

individual hospital.10

Over the past 5–10 years, genomic, transcriptomic, 

metabolomic, proteomic, and methylation profiling tech-

niques have revealed the heterogeneity of meningioma, 

the limitations of the current WHO grading system for 

prognostication and impact this may have on clinical trial 

design and patient eligibility.11–18 This “meningiomics” rev-

olution offers the potential for treatment arm stratification 

by molecular and genomic aberration, and the potential 

for personalized management options.19 For example, 

a phase 2 trial of Vismodegib, the Focal Adhesion Kinase 

inhibitor GSK2256098, Capivasertib, and Abemaciclib is 

currently open to accrual for progressive meningioma har-

boring specific driver-mutations.20 This biomarker-driven 

trial demonstrates the need for global, multi-institutional 

efforts to ensure recruitment of a sufficient number of 

patients from what is a heterogeneous patient pool, into 

well-defined treatment arms. Repetition of such work, ei-

ther directly or indirectly, utilizing different outcome meas-

ures, could be considered wasteful and should therefore 

be avoided.21

The outcome measures in meningioma clinical trials are 

not standardized. For example, previous work by Kaley et 

al.22 sought to identify historical outcomes with systemic 

therapies in order to establish endpoint benchmarks for fu-

ture clinical trials of medical therapies for recurrent menin-

gioma. This work demonstrated heterogeneity in both the 

definition of response criteria, and the reported survival 

outcomes; for instance, some studies reported median 

overall survival while others reported median PFS. In fact, 

only PFS at 6 months (PFS-6) was found to be common to 

all but 1 study in this review. To that end, the importance 

of standardized outcome reporting was emphasized and 

PFS-6 was recommended as an outcome to be reported 

in future studies evaluating interventions for those who 

have progressed after local therapies (with benchmarks 

for both WHO grade 1 and WHO grade 2/3 provided), to 

allow comparative analysis of trial results.22 Building on 

this work, the Response Assessment in Neuro-Oncology 

Importance of the Study

Meningioma clinical trials have assessed interventions 
including surgery, radiotherapy, and pharmacotherapy. 
However, agreement does not exist on what, how, and 
when outcomes of interest should be measured. This 
prevents comparison of data from similar clinical trials. 
In this methodological review, we have systematically 
identified relevant meningioma clinical trials, 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: Intervention) for use in 
future meningioma clinical trials. This work is one half 
of The COSMIC Project (Development of Core Outcome 
Sets for Meningioma in Clinical Studies).
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Meningioma Working Group published recommenda-

tions for assessing response and progression in clinical 

trials involving patients with meningioma, due to lack of 

consensus on optimal endpoints, and variation in trial de-

sign and response criteria, preventing the comparative 

analysis of trial results.23 While both initiatives highlight 

concerns regarding outcome measurement and reporting 

heterogeneity for specific issues (namely progression and 

response), no initiative has asked what outcomes matter 

most to key stakeholders (including meningioma patients).

A core outcome set (COS) is defined as the minimum 

set of outcomes that should be measured and reported 

in all clinical trials for a specific health condition or health 

area.24 COS development is in its infancy within the field 

of neuro-oncology, but efforts are underway.25 The devel-

opment of COS for meningioma to be used in future clin-

ical effectiveness trials can ensure that the outcomes that 

are of critical importance to key stakeholders (including 

meningioma patients), are measured and reported across 

meningioma clinical studies. Harmonization of outcome 

measurement and reporting could reduce research waste, 

and allow meaningful comparison of trial results across 

similar studies, in order to determine comparative effec-

tiveness. This will be achieved within remit of The COSMIC 

Project, an international effort to develop 2 COS for menin-

gioma. COSMIC: Intervention is being developed for use in 

phase 2 and later, intracranial meningioma clinical effec-

tiveness trials in adults, that are designed to inform clin-

ical decision-making and improve clinical care for patients. 

COSMIC: Observation is being developed for use in obser-

vational clinical studies concerned with incidental, min-

imally symptomatic, and/or untreated cohorts of patients 

with intracranial meningioma, that are designed to inform 

monitoring and decision to treat strategies.26

The aim of this systematic review was to identify what 

outcomes have been measured and reported across me-

ningioma clinical trials and what outcomes are being 

measured and reported in ongoing studies. The results 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: Intervention COS.

Research Question

What outcomes are measured and reported in ongoing and 

published clinical trials assessing interventions including 

surgery, radiotherapy, stereotactic radiosurgery, pharma-

cotherapy, perioperative care, and supportive treatments, 

used in isolation or in combination for adult intracranial 

meningioma?

Materials and Methods

Inclusion Criteria

Full-text articles reporting results of phase 2, 3, and 4 clin-

ical trials (including single-arm studies) that assess and 

report the efficacy of interventions for adult patients with 

intracranial meningioma were included. Eligible interven-

tions included surgical interventions (including modified 

techniques, approaches, and adjuncts), fractionated radi-

otherapy (in any form including conformal  3-dimensional 

and intensity-modulated radiotherapy), stereotactic 

radiosurgery (single fraction, hypofractionated or frac-

tionated), pharmacotherapy (whereby the investigators 

include outcomes related to the effectiveness of the drug, 

and not simply the tolerability of the drug), perioperative 

care (including medical therapies, anesthetic consider-

ations, general aspects of the care of patients with intracra-

nial meningioma in and around the time of treatment), and 

supportive treatments (for example neurorehabilitation 

and ongoing medical therapies for symptom control). 

Studies investigating interventions in isolation and in any 

combination, for example, surgical resection plus a specific 

radiotherapy and/or chemotherapy regime were included.

A minimum of 20 intracranial meningioma patients 

per study was required. Patients were adults (18 years 

and above) of either sex, with a diagnosis of sporadic 

intracranial meningioma, including multiple menin-

gioma and SMARCE1 loss-related familial meningioma. 

Histopathological diagnosis was not required, as eligible 

studies included those where surgical resections were not 

performed and patients were recruited based on a radio-

logical diagnosis of intracranial meningioma.

Multiple publications relating to the same study were in-

cluded but considered together, and so repetition of data 

extraction was not performed (for instance, interim results 

and subgroup analyses). Studies with a mix of brain tumor 

types whereby at least 20 patients had an intracranial me-

ningioma were included. Online international trial regis-

tries were searched to identify ongoing trials meeting the 

aforementioned criteria (with an expected accrual greater 

than 20 patients). Only published trials and online trial reg-

istry entries written in the English language were included, 

due to limitations on resources.

Exclusion Criteria

Pure safety or experimental studies were not included. 

Combined-phase studies (for instance, phase 0/2, phase 

1/2) were evaluated and discussed between members 

of the study management group to establish where the 

focus of the work sat, in order to exclude those with a pri-

mary phase 0 or 1 component. Studies were excluded if 

they included fewer than 20 patients or if they principally 

described cohorts with spinal meningioma, 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 

“meningioma” AND ‘trial’ was developed and trans-

lated to interrogate the following electronic biblio-

graphic databases: PubMed, Embase, Medline, CINAHL 

via EBSCO, and Web of Science. In addition, simple 

searches of the following trial registries were con-

ducted: Cochrane Central Register of Controlled Trials, 
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ClinicalTrials.gov, and the WHO International Clinical 

Trials Registry Platform. The search strategies are pro-

vided in Supplementary Appendix S1. The searches were 

first run on April 23, 2020. The searches were re-run on 

January 24, 2022, to identify 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.27 Following de-duplication, 2 review authors 

(CPM and SMK) 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 which 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 re-

view authors (CPM and SMK). No full-text eligibility checks 

required escalation to the senior review author (MDJ). 

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, which 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 (CPM) into a 

custom-designed and piloted spreadsheet in Microsoft 

Excel (v16.34, Microsoft, Washington, DC, USA) following 

best practice described by the Core Outcome Measures 

in Effectiveness Trials (COMET) Initiative (The COMET 

Initiative).21,24 The first 10% of included titles were dual ex-

tracted by a second review author and confirmed consist-

ency and accuracy of extraction (AII).

The following data was extracted from each study as 

recommended by COMET21,24: 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 pro-

vided, whether outcome was a primary or secondary 

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 

examined in response to a treatment or intervention. An 

outcome was defined as “one that has original meaning 

and context.”28 Identical outcomes measured at mul-

tiple time points were not extracted as different unique 

outcomes.

Synthesis Methods

Tabulation and descriptive data analysis were performed 

in Microsoft Excel (v16.34, Microsoft, Washington, DC, 

USA) with the aim of deduplicating verbatim outcomes 

extracted from included studies into a list of unique out-

comes, followed by grouping unique outcomes under 

standardized outcome terms where similar meaning and 

context exists. Given that there exists considerable heter-

ogeneity in the definition of what constitutes a unique out-

come, we utilized the method of data analysis as per Young 

et al.,28 and classify outcomes according to the outcome 

framework proposed by COMET.24,29

Registration and Protocol

This study is registered with the 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 3947 records identified following electronic bibli-

ographic database searching, 2142 were screened for in-

clusion after duplicates were removed, and 53 remained 

for full-text article eligibility checks. Twenty-seven full-text 

articles were excluded due to: Wrong study type (n = 17), 

wrong publication type (n = 8), and too few patients 

(n = 2). Four additional full-text articles were identified 

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

Review question What outcomes are measured and re-
ported in ongoing and published clinical 
trials assessing the efficacy of interven-
tions for adult intracranial meningioma?

Types of Studies Published or ongoing phase 2, 3, and 4 
clinical trials
Minimum of 20 patients recruited or 
planned.

Types of data Trial outcomes reported by article and 
registry authors, that have been meas-
ured or plan to be measured, in response 
to a treatment or intervention.

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

Outcomes Heterogeneity of outcome measurement 
and reporting across trials.

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
https://www.comet-initiative.org/Studies/Details/1508
https://www.comet-initiative.org/Studies/Details/1508
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and included following hand-searching of the literature, 

and 18 ongoing studies were identified in trial registries 

which were also included. After merging of linked full-

texts, 47 unique studies were identified and included in 

the systematic review (Figure 1). Table 2 shows a summary 

of the characteristics of the 47 studies (details of the pub-

lished full-texts are in Supplementary Appendix S2 and on-

going studies in Supplementary Appendix S3).

Records identified through electronic

bibliographic database search

(n = 3947)

Records after duplicates removed

(n = 2142)
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Records screened

(n = 2142)

Full-text articles assessed

for eligibility

(n = 53)

Full-text articles included

(n = 26)

Unique published studies included

(n = 30)

Records excluded

(n = 2089)

Full-text articles excluded

(n = 27)

Reasons:

Wrong study type (n = 17)

Wrong publication type (n = 8)

Too few patients (n = 2)

Additional full-text articles included

(n = 4)
+

+ Ongoing studies included

(n = 18)

Total unique studies included after merging of linked studies

(n = 47)

Figure 1. PRISMA flow diagram depicting the identification, screening, eligibility, and inclusion of unique published studies and ongoing studies.

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
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Outcomes Reported

In total, 659 individual verbatim outcome terms were 

identified from the 47 included studies. Following 

de-duplication of identical outcomes (including those with 

variation in spelling, for example, tumor and tumor), 415 

unique verbatim outcome terms remained. A standardized 

outcome term was selected and applied to each unique 

verbatim outcome term in order to group those with sim-

ilar meanings, for example “died of the meningioma” and 

“died of the disease” were grouped under “meningioma-

specific mortality.” Two additional review authors checked 

the appropriateness and consistency of the standardized 

outcome terms applied to the unique verbatim outcome 

terms (AII and MDJ). This resulted in 115 standardized out-

come terms. The unique verbatim outcome terms, their 

frequency of reporting, and the applied standardized out-

come terms are listed in Supplementary Appendix S4. The 

final list of standardized outcome terms, their status as an 

adverse event or not, their reporting frequency, and the 

number of those defined within their study of origin are 

listed in Supplementary Appendix S5.

Outcome Definitions

Of the 659 individual verbatim outcome terms identified 

in the included studies, 84 (13%) were accompanied by an 

outcome definition. Half of these definitions were associ-

ated with standardized outcome terms describing progres-

sion and survival. Supplementary Appendix S5 shows the 

reporting frequency of each standardized outcome term, 

and the individual frequencies of defined standardized out-

come terms.

Mapping of Standardized Outcome Terms to the 
COMET Taxonomy

Each standardized outcome term was mapped to a COMET 

outcome domain. In total, 29 domains are represented. 

The 29 domains map to 5 overarching COMET core areas 

namely, death, physiological/clinical, life impact, resource 

use, and adverse events (Supplementary Appendix S5). 

Table 3 shows the number of studies reporting an indi-

vidual outcome from each outcome domain, the number 

of unique outcomes from each domain, and the number of 

standardized outcome terms from each domain.

COMET core area “Death”.—Eight standardized outcome 

terms mapped to the COMET outcome domain “mortality/

survival” and 33 studies (70%) reported an outcome from 

this domain. Four of these standardized outcome terms con-

cern binary events, namely “death from pharmacotherapy,” 

“meningioma-specific mortality,” “overall survival,” and 

“perioperative mortality,” and 4 were composite outcomes, 

“further intervention-free survival,” “health-related quality 

of life” (HRQoL), “deterioration-free survival,” “PFS,” and 

“recurrence-free survival” (Supplementary Appendix S5). 

Heterogeneous outcome definitions were identified for 

“meningioma-specific mortality” (total definitions n = 3, 

unique definitions n = 3), “overall survival” (total definitions 

n = 16, unique definitions n = 16), and “PFS” (total defin-

itions n = 19, unique definitions n = 19).

COMET core area “Physiological/clinical”.—The ma-

jority of the 115 standardized outcome terms mapped to 

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

Characteristic N (No. of studies)

Number of unique studies identified 47

Published 30

Ongoing 18

Year of 
publication

1990–1999 1

2000–2009 6

2010–2019 15

2020–2022 7

Study phase II (published) 18

III (published) 11

II (ongoing) 15

III (ongoing) 3

II (total) 33

III (total) 14

N (No. of patients)

Study 
population

Total No. in systematic 
review

1611

Median No. per study 
(n = 29)

42

N (No. of studies)

Intervention 
category

Pharmacotherapy 21

Surgical 13

Radiotherapy 7

Radiopeptide therapy 3

Radiotherapy and 
pharmacotherapy

3

Radionuclide therapy 1

Interstitial therapy 1

N (No. of outcomes)

Study 
outcomes

Extracted (published) 576

Median No. per study 
(published)

18

Extracted (ongoing) 83

Median No. per study 
(ongoing)

4.5

Extracted (total) 659

Median No. per study 
(total)

10

With primary outcome 
designation

40

With secondary outcome 
designation

163

Defined 84

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
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a COMET outcome domain within the “physical/clinical” 

COMET core area (n = 92, 80%). Out of the 22 “physiolog-

ical/clinical” outcome domains listed within the COMET 

taxonomy, nearly all were represented by at least one of 

the 92 standardized outcome terms (n = 19, 86%). Over half 

of the standardized outcome terms mapped to the COMET 

outcome domain “nervous system outcomes” (n = 53, 

58%), and the majority of included studies reported an 

outcome from this domain (n = 43, 91%; Supplementary 

Appendix S5).

Nearly 3-quarters of these “physiological/clinical” stand-

ardized outcome terms were also classified as an adverse 

outcomes (n = 68, 74%). Each relates to 1 of the 3 interven-

tion groups, namely radiotherapy (n = 22), pharmacotherapy 

(n = 22), or surgery (n = 24). The reporting frequency of each, 

along with the proportion of those with a specified measure-

ment instrument are shown in Figures 2, 3, and 4.

Most of the standardized outcome terms within this 

COMET core area did not have associated definitions 

identified (n = 82, 89%). Those that were identified were 

heterogeneous and mostly associated with the following 

3 interrelated standardized outcome terms: “complete re-

sponse” (total definitions n = 8, unique definitions n = 8), 

“progressive disease” (total definitions n = 10, unique 

definitions n = 10), and “stable disease” (total definitions 

n = 10, unique definitions n = 10).

COMET core area “Life impact”.—Nine standardized 

outcome terms mapped to the “life impact” COMET core 

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) 33 98 40 8

Physiological/clinical Blood and lymphatic system (2) 20 59 36 6

Cardiac (3) 7 4 4 1

Endocrine (5) 3 4 4 1

Ear and labyrinth (6) 4 7 4 2

Eye outcomes (7) 6 21 19 2

Gastrointestinal (8) 15 45 20 4

General outcomes (9) 14 20 6 5

Hepatobiliary (10) 5 12 8 1

Immune system (11) 2 2 2 2

Infection and infestation (12) 6 8 5 3

Metabolism and nutrition (14) 12 45 27 2

Musculoskeletal and connec-
tive tissue (15)

1 3 3 1

Nervous system outcomes (17) 43 205 139 53

Renal and urinary (19) 2 2 2 1

Reproductive system and 
breast (20)

2 12 10 1

Psychiatric (21) 4 8 8 2

Respiratory, thoracic and medi-
astinal (22)

2 2 2 1

Skin and subcutaneous tissue 
(23)

13 18 11 2

Vascular (24) 10 12 9 2

Life impact Functioning (all; 25–29) 4 4 2 1

Physical functioning (25) 6 6 4 1

Cognitive functioning (29) 5 7 4 1

Delivery of care (32) 10 21 20 6

Resource use Hospital (35) 4 7 7 2

Need for further intervention 
(36)

1 1 1 1

Adverse events Adverse events/effects (38) 24 26 18 3

Total 27 47 659 415 115

COMET, Core Outcome Measures in Effectiveness Trials

 

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
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area; 3 within the “functioning” COMET outcome domains, 

and 6 within the “delivery of care” COMET outcome do-

main. Each is discussed in turn.

The standardized outcome term “health-related quality 

of life” maps to all 5 “functioning” COMET outcome do-

mains, which includes physical, social, role, emotional, and 

cognitive functioning, and was reported by 4 studies (9%). 

Six studies reported the “physical functioning” stand-

ardized outcome term which maps to the “physical func-

tioning” COMET outcome domain (13%), and 5 studies 

reported the “neurocognitive functioning” standardized 

outcome term which maps to the “cognitive functioning” 

COMET outcome domain (11%). All 3 of these standardized 

outcome terms are multidimensional health measures, 

none of which were defined (Supplementary Appendix S6).

Ten studies reported an outcome from the “delivery of 

care” COMET outcome domain. Of the 6 “delivery of care” 

standardized outcome terms, 3 are concerned with devia-

tion from the intended intervention, and are also classified 

as adverse outcomes. These included “discontinuation of 

pharmacotherapy due to adverse events,” “discontinua-

tion of radiotherapy due to adverse events,” and reduction 

of pharmacotherapy dose due to adverse events, none 

of which were defined. Two standardized outcome terms 
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Figure 2. Reporting frequency of radiotherapy-related “adverse outcome” standardized outcome terms, along with the proportion of those with 
a specified measurement instrument.
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Figure 3. Reporting frequency of pharmacotherapy-related “adverse outcome” standardized outcome terms, along with the proportion of those 
with a specified measurement instrument.

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
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concerned trial withdrawal “trial withdrawal – Clinician 

decision” and “trial withdrawal – Patient decision,” and the 

final standardized outcome term was “unplanned return 

to theater,” also classified as an adverse outcome. All 6 of 

these standardized outcome terms are binary events, but 

only one definition was identified which was for the stand-

ardized outcome term “trial withdrawal – Patient decision” 

(Supplementary Appendix S6).

COMET core area “Resource use”.—Two standardized 

outcome terms mapped to the COMET outcome domain 

“hospital,” namely “duration of hospital stay” and “du-

ration of intensive care stay,” and 4 studies (9%) reported 

an outcome from this domain. The standardized outcome 

term “need for further treatment” mapped to the COMET 

outcome domain of the same name and was reported by 

only one study. Definitions were not identified within this 

COMET core area. The first 2 can be considered as time-

to-event outcomes, while the latter can be considered a bi-

nary event (supplementary Appendix S6).

COMET core area “Adverse events”.—Three standard-

ized outcome terms mapped to the COMET outcome do-

main “adverse events/effects.” Mapping to this COMET 

core area was reserved for those standardized outcome 

terms that could not be mapped to a specific “physiolog-

ical/clinical” COMET outcome domain. Twenty-four studies 

(51%) reported an outcome from this domain. The 3 stand-

ardized outcome terms represent the 3 main intervention 

categories identified in this review: “adverse events after 

radiotherapy,” “adverse events from pharmacotherapy,” 

and “perioperative mortality.” All 3 are clinician-reported 

multiple-category event standardized outcome terms 

(Supplementary Appendix S6).

Discussion

This systematic review has identified 415 unique outcomes 

measured and reported in 47 published and ongoing me-

ningioma clinical trials. Unique outcomes with the same 

or similar meaning were grouped together which resulted 

in the generation of 115 standardized outcome terms. 

These were classified using the COMET taxonomy into 29 

outcome domains and 5 core areas. Most of the standard-

ized outcome terms mapped to the “physiological/clinical” 

core area, with over half mapping to the domain ‘nervous 

system outcomes’ specifically. Nearly 3-quarters of these 

‘physiological/clinical’ standardized outcome terms were 

also classified as an adverse outcomes relating to one of 

surgery, radiotherapy, or pharmacotherapy. The most fre-

quently reported standardized outcome terms were “PFS” 

and “overall survival,” along with “hematological adverse 

events from pharmacotherapy,” “gastrointestinal adverse 

events from pharmacotherapy,” and ‘metabolic and nutri-

tional adverse events from pharmacotherapy’. Over two-

thirds of studies included a “mortality/survival” outcome.

This is the first systematic review to identify the breadth 

of outcomes measured and reported in meningioma 
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Figure 4. Reporting frequency of surgery-related “adverse outcome” standardized outcome terms, along with the proportion of those with a 
specified measurement instrument.

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdae030#supplementary-data
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clinical effectiveness trials. This has been achieved through 

the application of a rigorous methodological process de-

scribed by COMET. We have identified unique outcomes in 

both published and ongoing phase 2 and 3 trials, across 

a wide range of interventions including surgery, radio-

therapy, and pharmacotherapy. The COMET taxonomy was 

used to categorize standardized outcome terms, and this 

was reviewed by experts from the study management and 

advisory group.

In the introduction to this review, we described pre-

vious work by Kaley et al.22 that demonstrated heteroge-

neity in definitions of response criteria and survival, and 

concluded by stating that PFS at 6 months was common 

to all but one study analyzed. Our comprehensive anal-

ysis of meningioma clinical trials has allowed us to under-

stand the breadth of mortality and time-to-event outcomes 

selected for measurement by clinical triallists, along with 

variations in definition (when provided). For example, we 

applied the standardized outcome term “PFS” to 16 unique 

outcomes (representing 46 verbatim outcomes) that we 

considered to have similar “meaning and context.” Some 

of these unique outcomes differed due to the time-point at 

which the summary measure was performed, for example, 

“2-year PFS,” “3-year PFS,” “5-year PFS,” while others dif-

fered in name but not application, for example, “PFS rate 

for 6 months” and “6-month PFS.” As the unique outcome 

“PFS” was reported most frequently and was most similar 

in meaning and context to the other 15 unique outcomes 

under this umbrella, we selected the standardized out-

come term “PFS” to represent the 46 identified verbatim 

outcomes from the literature. Only 19 of the 46 verbatim 

outcomes were defined within the study from which they 

came. The absence of a definition allows for misinter-

pretation of the outcomes meaning and bias when com-

bining results for similar outcomes across trials. Moreover, 

even when defined, we observed that verbatim outcomes 

ascribed the same unique outcome term, for example, 

“progression-free survival” had variable definitions as-

sociated with them (6 of the 16 verbatim outcome terms 

grouped as the unique outcome PFS were defined). 

Examples of variation in definition for verbatim outcomes 

we consider to be the same included “From randomization 

to the first documented disease progression, or death due 

to any cause, whichever comes first,” “the time from the 

first day of treatment until disease progression,” and “pro-

portion of patients alive and without progression.”

Adverse events accounted for 77 of the 115 standard-

ized outcome terms applied to the unique outcome iden-

tified. As per COMET, we extracted individual adverse 

events when presented as such, and categorized them 

within the “physiological/clinical” domain to which they 

belong where possible. For instance, anemia, leuko-

penia, and neutropenia were extracted multiple times 

from studies evaluating pharmacotherapy interventions, 

but were deduplicated and grouped under the standard-

ized outcome term “hematological adverse events from 

pharmacotherapy.” We have therefore maintained a de-

gree of granularity when applying standardized outcome 

terms, which respects both the intervention and “physio-

logical/clinical” area. If “anemia after pharmacotherapy” 

or simply “anemia” had been selected as the standard-

ized outcome term (and progressed as a potential eDelphi 

survey item), one could expect that this level of granularity 

would be too great, of little relevance when developing a 

COS for this health area, and burdensome to participants 

during future project stages. Conversely, to have grouped 

all individual adverse events under a standardized out-

come term “adverse events” would be too generic at this 

stage. The rationalization of standardized outcome terms 

will be undertaken at a later stage of The COSMIC Project. 

As surgical adverse events largely mapped to the “nervous 

system outcomes” domain, we maintained granularity 

when applying standardized outcome terms, especially 

as each may have more relevance to participants of the 

eDelphi survey in later stages of the project. This was also 

the case for general adverse effects such as “fatigue” and 

“weight loss”

The process of ascribing a standardized outcome term 

is of course subjective in itself, but was presented to the 

study management and study advisory group for consider-

ation for approval. This standardized outcome term can be 

put forward for rating of importance (along with all other 

standardized outcome terms selected) by eDelphi survey 

participants in future stages of this project. In doing so, its 

inclusion in a COS for meningioma clinical trials would be 

based on multi-stakeholder consensus. Subsequent work 

would be undertaken to define such an outcome, to re-

move heterogeneity in outcome selection and definition/

measurement across future trials.

This systematic review has some limitations. The 

searches were restricted to identify full-texts written only 

in the English language. This means that there may be 

studies that report outcomes that we have not identified. 

However, when the 115 standardized outcome terms were 

mapped to the COMET taxonomy, 29 outcome domains 

were represented, thereby demonstrating the breadth of 

this review. To mitigate against important outcomes that 

may have been missed, 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. While all search results were 

dual-screened, data extraction was performed only by the 

principal investigator for The COSMIC Project (CPM). This 

was due to financial and personnel limitations. The prin-

cipal investigator maintained a low threshold for extracting 

potential unique study outcomes to ensure that all could 

be considered when data handling was reviewed by mem-

bers of the study management group. The first 10% of in-

cluded studies were dual extracted by a second review 

author (AII) to ensure that data extraction was consistent 

and accurate, while accepting that what one considers to 

be a unique outcome is variable.

This systematic review demonstrates that the outcomes 

measured and reported in meningioma clinical effective-

ness trials are numerous, heterogeneous, and poorly and 

variably defined. The development of a COS for future 

meningioma clinical trials is therefore justified. The ben-

efit of this could be harmonization of outcome reporting 

and reduction of research waste for this health area. The 

standardized outcome terms generated in this systematic 

review will be rationalized and used to populate a modi-

fied eDelphi survey which will be completed by key stake-

holders, including patients. We will conduct a one-day 

consensus meeting of key stakeholders in order to ratify 
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the final COSMIC: Intervention COS. This process of in-

formation gathering followed by consensus methodology 

follows 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).

Keywords 

clinical trial | core outcome set | COMET  | meningioma | 

outcomes

Funding

CPM is funded to complete The COSMIC Project by The Brain 

Tumor Charity grant: “Deciphering the genetic and epigenetic 

landscape of clinically aggressive meningiomas” awarded to GZ 

and MDJ. Grant No. Jxr30103.

Conflict of interest statement

MDJ received a grant from the National Institute for Health 

Research Health Technology Assessment program for the 

Radiation versus Observation for Atypical Meningioma 

(ROAM) trial (NIHR ID: 12/173/14). MDJ and SJM received 

a grant from the National Institute for Health Research 

Health Technology Assessment program for Surgeons 

Trial Of Prophylaxis for Epilepsy in seizure naïve patients 

with Meningioma (STOP’EM; NIHR ID: NIHR129748). TS 

founded and leads the Anaplastic Meningioma International 

Consortium (AMiCo). TS and MDJ co-founded the British-Irish 

Meningioma Society (BIMS). AGM is a National Institute for 

Health Research (NIHR) Senior Investigator and is also part-

funded by NIHR ARC North West Coast. The views expressed 

in this article are those of the author(s) and not necessarily 

those of the NIHR, or the Department of Health and Social 

Care. MP has received honoraria for lectures, consultation 

or advisory board participation from the following for-profit 

companies: Bayer, Bristol-Myers Squibb, Novartis, Gerson 

Lehrman Group (GLG), CMC Contrast, GlaxoSmithKline, 

Mundipharma, Roche, BMJ Journals, MedMedia, Astra 

Zeneca, AbbVie, Lilly, Medahead, Daiichi Sankyo, Sanofi, 

Merck Sharp & Dome, Tocagen, Adastra, Servier. MW has 

received research grants from Quercis and Versameb, and 

honoraria for lectures or advisory board participation or con-

sulting from Bayer, Curevac, Medac, Novartis, Novocure, 

Orbus, Philogen, Roche, and Sandoz.

Collaborators

International Consortium on Meningioma: Kenneth Aldape, 

Abdurrahman I. Islim, Karolyn Au, Jill Barnhartz-Sloan, Wenya 

Linda Bi, Felix Behling, Priscilla K. Brastianos, Chaya Brodie, 

Nicholas Butowski, Carlos Carlotti, Ana Castro, Aaron Cohen-

Gadol, Marta Couce, Michael D. Cusimano, Francesco DiMeco, 

Katharine Drummond, Ian F. Dunn, Craig Erker, Michelle 

Felicella, Daniel M. Fountain, Evanthia Galanis, Norbert Galldiks, 

Caterina Giannini, Roland Goldbrunner, Brent Griffith, Rintaro 

Hashizume, C. Oliver Hanemann, Christel Herold-Mende, Luke 

Hnenny, Craig Horbinski, Raymond Y. Huang, David James, 

Michael D. Jenkinson, Christine Jungk, Gerhard Jungwirth, 

Timothy J. Kaufmann, Boris Krischek, Sylvia Kurz, Daniel 

Lachance, Christian Lafougère, Katrin Lamszus, Ian Lee, Jeff C. 

Liu, Serge Makarenko, Tathiana Malta, Yasin Mamatjan, Alireza 

Mansouri, Christian Mawrin, Michael McDermott, Christopher 

P. Millward, Jennifer Moliterno-Gunel, Andrew Morokoff, David 

Munoz, Farshad Nassiri, Houtan Noushmehr, Ho-Keung Ng, Arie 

Perry, Farhad Pirouzmand, Laila M Poisson, Bianca Pollo, Aditya 

Ragunathan, David R. Raleigh, Mirjam Renovanz, Franz Ricklefs, 

Felix Sahm, Andrea Saladino, Antonio Santacroce, Thomas 

Santarius, Jens Schittenhelm, Christian Schichor, David Schultz, 

Nils O. Schmidt, Warren Selman, Helen Shih, Andrew Sloan, 

Julian Spears, Matija Snuderl, James Snyder, Suganth Suppiah, 

Erik Sulman, Ghazaleh Tabatabai, Marcos Tatagiba, Marco 

Timmer, Daniela Tirapelli, Joerg C. Tonn, Derek Tsang, Michael 

A. Vogelbaum, Andreas von Deimling, Tobias Walbert, Simon 

Walling, Justin Z. Wang, Patrick Y. Wen, Manfred Westphal, 

Adriana M. Workewych, Stephen Yip, Gabriel Zada, Gelareh 

Zadeh, Viktor Zherebitskiy.

Authorship Statement

CPM, MDJ conceived the study. CPM, HB, AII, SMK, NS, AGM, 

PRW, MDJ designed the study. CPM drafted the initial study 

manuscript. SMK, TSA, HB, SB, ARB, HB, LD, PLG, AII, MJ, SDK, 

AGM, MWM, TRM, KO, PP, MP, TS, NS, MJBT, CT, CW, MW, 

PRW, GZ, AHZN, MDJ provided advice and input on the final 

manuscript. CPM proofread and approved the final manuscript.

Affiliations

Institute of Systems, Molecular, and Integrative Biology, 

University of Liverpool, UK (C.P.M., S.M.K., A.R.B., A.I.I., A.G.M., 

N.S., M.D.J.); Department of Neurosurgery, The Walton Centre 

NHS Foundation Trust, Liverpool, UK (C.P.M., A.R.B., A.I.I., S.M.K., 

N.S., M.D.J.); Neuro-Oncology Branch, Center for Cancer 

Research, National Cancer Institute, Bethesda, Maryland, USA 

(T.S.A.); Institute of Population Health, University of Liverpool, 

UK (H.B., P.R.W.); The Brain Tumour Charity, Hampshire, 

UK (S.B.).; Brainstrust–The Brain Cancer People, Isle of Wight, 

UK (H.B.).; Department of Neurology, Leiden University Medical 

Center, Leiden, The Netherlands (L.D., M.J.B.T.); Department 

of Neurology, Haaglanden Medical Center, The Hague, The 

Netherlands (L.D., M.J.B.T.); Department of Neurosurgery, 

https://academic.oup.com/neuro-oncology


 12 Millward et al.: Outcomes in meningioma clinical trials

University Hospital Southampton, Southampton, UK (P.L.G.); 

National Centre for Neurosurgery, Beaumont Hospital, Dublin, 

Ireland (M.J.); Veterans Affairs Healthcare System, Palo 

Alto, California, USA (S.D.K.); Department of Neurology, The 

Walton Centre NHS Foundation Trust, Liverpool, UK (A.G.M.); 

Division of Neuroscience, Florida International University, 

Miami, Florida, USA (M.W.M.); Department of Neurosurgery, 

Copenhagen University Hospital, Copenhagen, Denmark 

(T.R.M.); International Brain Tumour Alliance, Tadworth, 

UK (K.O.).; Nuffield Department of Surgical Sciences, University 

of Oxford, Oxford, UK (P.P.); Division of Oncology, Department 

of Medicine, Medical University of Vienna, Vienna, Austria 

(M.P.); Department of Neurosurgery, Addenbrooke’s Hospital 

& University of Cambridge, Cambridge, UK (T.S., C.T.); Institute 

of Cancer and Genomic Sciences, University of Birmingham, 

Birmingham, UK (C.W.); Department of Neurology, University 

Hospital and University of Zurich, Zurich, Switzerland (M.W.); 

Department of Surgery, University of Toronto, Toronto, Canada 

(G.Z.); Department of Ophthalmology, Leiden University Medical 

Centre, Haaglanden Medical Center, Haga Teaching Hospitals, 

Leiden, The Netherlands (A.H.Z.N.)

References

1. Ostrom QT, Cioffi G, Waite K, Kruchko C, Barnholtz-Sloan JS. CBTRUS 

statistical report: Primary brain and other central nervous system tu-

mors diagnosed in the United States in 2014-2018. Neuro Oncol. 

2021;23(Supplement_3):iii1–iii105.

2. Louis DN, Perry A, Wesseling P, et al. The 2021 WHO classification 

of tumors of the central nervous system: A summary. Neuro Oncol. 

2021;23(8):1231–1251.

3. Goldbrunner R, Stavrinou P, Jenkinson MD, et al. EANO guideline 

on the diagnosis and management of meningiomas. Neuro Oncol. 

2021;23(11):1821–1834.

4. Rogers L, Barani I, Chamberlain M, et al. Meningiomas: Knowledge 

base, treatment outcomes, and uncertainties. A RANO review. J 

Neurosurg. 2015;122(1):4–23.

5. Rogers L, Zhang P, Vogelbaum MA, et al. Intermediate-risk menin-

gioma: Initial outcomes from NRG Oncology RTOG 0539. J Neurosurg. 

2018;129(1):35–47.

6. Weber DC, Ares C, Villa S, et al. Adjuvant postoperative high-dose ra-

diotherapy for atypical and malignant meningioma: A phase-II parallel 

non-randomized and observation study (EORTC 22042-26042). Radiother 

Oncol. 2018;128(2):260–265.

7. Jenkinson MD, Javadpour M, Haylock BJ, et al. The ROAM/EORTC-

1308 trial: Radiation versus Observation following surgical resection of 

Atypical Meningioma: Study protocol for a randomised controlled trial. 

Trials. 2015;16:519.

8. Rogers L. Phase III Trial of Observation Versus Irradiation for a Gross 

Totally Resected Grade II Meningioma. NRGONCOLOGY; 2017. 

https://www.nrgoncology.org/Clinical-Trials/Protocol/nrg-bn003? 

filter=nrg-bn003. Accessed October 11, 2020.

9. Preusser M, Silvani A, Rhun EL, et al. Trabectedin for recurrent 

WHO grade II or III meningioma: A randomized phase II study of 

the EORTC Brain Tumor Group (EORTC-1320-BTG). J Clin Oncol. 

2019;37(15_suppl):2007–2007.

10. Alvarez-Breckenridge CA, Cahill DP, Brastianos PK. Trabectedin for recur-

rent WHO grade 2 or 3 meningiomas—Paving the road for new oppor-

tunities. Neuro Oncol. 2022;24(5):768–769.

11. Bender L, Somme F, Ruhland E, et al. Metabolomic profile of aggressive 

meningiomas by using high-resolution magic angle spinning nuclear 

magnetic resonance. J Proteome Res. 2020;19(1):292–299.

12. Masalha W, Daka K, Woerner J, et al. Metabolic alterations in menin-

gioma reflect the clinical course. BMC Cancer. 2021;21(1):211.

13. Mirian C, Duun-Henriksen AK, Juratli T, et al. Poor prognosis associ-

ated with TERT gene alterations in meningioma is independent of the 

WHO classification: an individual patient data meta-analysis. J Neurol 

Neurosurg Psychiatry. 2020;91(4):378–387.

14. Nassiri F, Liu J, Patil V, et al. A clinically applicable integrative molecular 

classification of meningiomas. Nature. 2021;597(7874):119–125.

15. Patel AJ, Wan YW, Al-Ouran R, et al. Molecular profiling predicts menin-

gioma recurrence and reveals loss of DREAM complex repression in ag-

gressive tumors. Proc Natl Acad Sci U S A. 2019;116(43):21715–21726.

16. Sahm F, Schrimpf D, Stichel D, et al. DNA methylation-based classifica-

tion and grading system for meningioma: A multicentre, retrospective 

analysis. Lancet Oncol. 2017;18(5):682–694.

17. Suppiah S, Nassiri F, Bi WL, et al. Molecular and translational advances 

in meningiomas. Neuro Oncol. 2019;21(suppl 1):i4–i17.

18. Vasudevan HN, Braunstein SE, Phillips JJ, et al. Comprehensive molec-

ular profiling identifies FOXM1 as a key transcription factor for menin-

gioma proliferation. Cell Rep. 2018;22(13):3672–3683.

19. Jenkinson MD. ‘Meningiomics’-an integration of data on the patient, 

tumour, extent of resection and molecular pathology to optimise the 

management and follow-up for meningiomas. Acta Neurochir (Wien). 

2019;161(12):2551–2552.

20. Brastianos P. Vismodegib and FAK Inhibitor GSK2256098 in Treating 

Patients With Progressive Meningiomas. 2015. https://clinicaltrials.

gov/ct2/show/study/NCT02523014. Accessed July 10, 2021.

21. Williamson PR, Altman DG, Blazeby JM, et al. Developing core outcome 

sets for clinical trials: issues to consider. Trials. 2012;13:132.

22. Kaley T, Barani I, Chamberlain M, et al. Historical benchmarks for med-

ical therapy trials in surgery- and radiation-refractory meningioma: A 

RANO review. Neuro Oncol. 2014;16(6):829–840.

23. Huang RY, Bi WL, Weller M, et al. Proposed response assessment and 

endpoints for meningioma clinical trials: Report from the Response 

Assessment in Neuro-Oncology Working Group. Neuro Oncol. 

2019;21(1):26–36.

24. Williamson PR, Altman DG, Bagley H, et al. The COMET Handbook: ver-

sion 1.0. Trials. 2017;18(suppl 3):280.

25. Millward CP, Armstrong TS, Barrington H, et al. Opportunities and chal-

lenges for the development of “core outcome sets” in neuro-oncology. 

Neuro Oncol. 2022;24(7):1048–1055.

26. Millward CP, Armstrong TS, Barrington H, et al; EORTC BTG, ICOM, EANO, 

SNO, RANO-PRO, BNOS, SBNS, BIMS, TBTC, International Brain Tumour 

Alliance, Brainstrust, and Brain Tumour Foundation of Canada. Development 

of ‘Core Outcome Sets’ for Meningioma in Clinical Studies (The COSMIC 

Project): Protocol for two systematic literature reviews, eDelphi surveys 

and online consensus meetings. BMJ Open. 2022;12(5):e057384.

27. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web 

and mobile app for systematic reviews. Syst Rev. 2016;5(1):210.

28. Young AE, Brookes ST, Avery KNL, et al. A systematic review of core 

outcome set development studies demonstrates difficulties in defining 

unique outcomes. J Clin Epidemiol. 2019;115:14–24.

29. Dodd S, Clarke M, Becker L, et al. A taxonomy has been developed for 

outcomes in medical research to help improve knowledge discovery. J 

Clin Epidemiol. 2018;96:84–92.

https://www.nrgoncology.org/Clinical-Trials/Protocol/nrg-bn003?filter=nrg-bn003
https://www.nrgoncology.org/Clinical-Trials/Protocol/nrg-bn003?filter=nrg-bn003
https://clinicaltrials.gov/ct2/show/study/NCT02523014
https://clinicaltrials.gov/ct2/show/study/NCT02523014

