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Abstract	Comment by Mikkel Schou Andersen: Item 2 – PRISMA guidelines 2020
Background and rationale: Meningiomas comprise a heterogeneous disease group encompassing 15 histological subtypes, a wide array of DNA alterations, and diverse epigenetic profiles. A pharmaceutical breakthrough has been sought since 1980’s without success, despite of a massive number of successful animal trials. Therefore, there is a pressing need for a paradigm shift in the pharmaceutical management of meningiomas, focusing on individualized rather than population-based approaches. Recently, organoid culture technologies have emerged, enabling the replication of phenotypic and molecular characteristics found in various organs, including cerebral tissues. Patient-derived organoids are considered superior to tumor cell lines for recapitulating native tumors, making them optimal models for identifying potential treatment agents. Organoid models of meningiomas could serve as a reliable platform for both basic and clinical research on meningiomas and may offer a promising foundation for individualized and targeted therapies.

Currently, no thorough systematic (scoping) reviews on organoid meningioma models in meningiomas exist and we aim with this scoping review to check the status of organoid modelling in meningiomas. Main objectives are 1. to search the literature for all known research regarding meningioma organoid models available and assess method of establishment, 2. Compare the different methods of organoid establishment and assess similarities and differences in 

Methods: We will conduct a systematic scoping review on in vitro (organoid) studies examining meningioma models. We will search Embase, Medline and Web of Science to obtain literature.  We will include studies on organoid and other 3D methods of similar use and methodology. Parameters needed to establish models will be presented narratively and through tables. 

Systematic scoping review registration: This protocol will be published on Researchgate.net for time-stamp purposes prior to full-text screening, since this study is not eligible to be assessed via PROSPERO due to no direct health relation to humans. 

Funding: This systematic review received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors














Introduction
Rationale for review	Comment by Mikkel Schou Andersen: Item 3 – PRISMA 2020 guidelines
Meningiomas comprise a heterogeneous disease group encompassing 15 histological subtypes, a wide array of DNA alterations, and diverse epigenetic profiles. A pharmaceutical breakthrough has been sought since 1980’s without success, despite of a massive number of successful animal trials. Therefore, there is a pressing need for a paradigm shift in the pharmaceutical management of meningiomas, focusing on individualized rather than population-based approaches. 

Recently, organoid culture technologies have emerged, enabling the replication of phenotypic and molecular characteristics found in various organs, including cerebral tissues. Patient-derived organoids are considered superior to tumor cell lines for recapitulating native tumors, making them optimal models for identifying potential treatment agents. Organoid models of meningiomas could serve as a reliable platform for both basic and clinical research on meningiomas and may offer a promising foundation for individualized and targeted therapies.

By conducting a comprehensive systematic scoping review including unpublished data (if possible), we expect to be able to provide valuable information regarding all meningioma organoid models. 
Scope and aim
Currently, no thorough systematic (scoping) reviews on organoid meningioma models in meningiomas exist and we aim with this scoping review to provide the research community with a status of organoid modelling in meningiomas. 

We aim to assess the following areas: how they are made, how they compare to other in vitro models, validity, uses and applicability in a research and clinical setting. We expect this review to also provide an assessment of pitfalls and successes in relations to establishing an organoid model. 

Aims and objectives	Comment by Mikkel Schou Andersen: Item 4 – PRISMA 2020 guidelines
1. Narrative description of how various meningioma organoid/3D models are established
2. Comparison to other in vitro models in terms of i.e. biochemistry, immunohistochemical markers, genetic and epigenetic analyses
3. To search the literature for all known research regarding the different models available and assess reproducibility and reliability alongside pros and cons
4. To assess future aspects of meningioma organoid models – perspective and uses

Background
Meningiomas are the most common primary central nervous system tumor, accounting for approximately 40% of all primary brain and other central nervous system (CNS) tumors (1) and originate from arachnoid cap cells associated with dura mater or choroid plexus. They are predominately benign (80%), atypical (18%) and rarely malignant (1.5%) (1). The estimated prevalence in the US population is 50.4-70.7/100,000(2, 3), and the incidence is approximately 1.9 for men and 4.5 for women per 100,000 in a combined epidemiological study from Scandinavia (4, 5). Similar incidence rates are observed in the US population, 3.7/100,000/year(2). The main treatment of symptomatic meningiomas remains surgical (6). However, gross total resection is only possible in 2/3 of skull base meningiomas and it is rarely achieved in cavernous sinus and petro-clival meningiomas (7), underscoring the need for non-surgical treatments and hence valid model systems to test treatments. 
Despite more than 30 completed trials and several more ongoing, effective medical compounds for refractory or recurrent meningiomas are still lacking (8). While several pharmaceuticals have shown potential in animals trials (9-50), the translatability of small animal models to humans is generally low, with a success rate of less than 8% for translation from animal models to clinical cancer trials (51). Many of animal trials in meningiomas are performed on commercially available/established cell lines such as IOMM-Lee (52), which do not mimic meningioma properties. This underscores the need to reassess the models used for pharmaceutical testing.
Meningiomas display heterogenous histological features with 15 distinct subtypes identified (53, 54), and a wide range of specific genetic and epigenetic profiles (26, 55-61). These variations may contribute to the challenges in translating research findings to human treatments. This heterogeneity of meningiomas as a group should be reflected in the models used for pharmaceutical testing. 
In recent times, advancements in organoid culture technologies have allowed for the recreation of both phenotypic and molecular characteristics of various organs(62, 63), including primary brain derived cancers(64). These technologies have been utilized to simulate different types of cancers with great success and has clear advantages over traditional xenograft in vivo models in terms of especially accessibility and ability to do large scale studies with multiple samples(65). Notably, the efficiency of establishing organoids has been reported to surpass that of traditional tumor cell lines or patient-derived xenograft (PDX) models across different cancer types(62). Moreover, patient-derived organoids have been shown to better mimic native tumors compared to tumor cell lines, making them promising models for identifying potential treatment options.(65) For instance, organoid models of meningiomas offer a dependable platform for both basic and clinical research in this field. 
Over the past 2-4 years some records have been published on different methods to establish meningioma organoid models(26, 66, 67) with different methods, but all points towards the technology to be efficient, affordable and accurate in mimicking parent tumor and holds promise in future research. 

Methods	Comment by Mikkel Schou Andersen: Item 5-12 + 14 remaining not applicable for scoping reviews
Protocol and registration	Comment by Mikkel Schou Andersen: Item 5
This protocol and protocol abstract were developed using the PRISMA Extension for Scoping Reviews (PRISMA-ScR Check)(68). Protocol will be submitted to www.researchgate.net at the first author’s personal site for transparency.

Criteria for considering studies for this review	Comment by Mikkel Schou Andersen: Item 6
We will include original articles published in peer-reviewed journals with full texts, describing in vitro experiments with the intent to establish organoid/3D models using meningioma-derived tissue regardless of method. 

We will exclude review articles, systematic reviews, non-in vitro studies, and conference abstracts. 

We will include articles of all languages, provided an English title or abstract is available. If an article in another language than English is potentially eligible, we will seek to have the full text translated.

Information sources and search strategy	Comment by Mikkel Schou Andersen: Item 7 and 8
Search key words and phrases for the search strategy were extracted through the above cited literature: Embase, Web of Science and Medline. First search in all databases was performed on 20.12.23. The literature search strings are available in Appendix 1. Prior to submission of systematic review a second round of the search string will be performed spanning from 20.12.23 to submission.

Selection of sources of evidence	Comment by Mikkel Schou Andersen: Item 9
All records extracted will be screened by two of the authors (MSA+AYN). All disputes will be settled with senior author professor FRP. During the first round of screening all records which have been deemed eligible by either one of the authors (or both) will be included for the second round. Cohen’s Kappa statistics(69) will be used to assess inter-rater agreement between the two reviewers after initial screening. The first 20 records will be rated un-blinded to adjust screening method.
 
If the inter-rater agreement is below 0.8 (Kappa index) for the remaining, we will include a third screening author to assess all excluded records to increase sensitivity.  vi

Data charting process	Comment by Mikkel Schou Andersen: Item 10
Two individual reviewers (MSA+AYN) will extract information in a blinded fashion using the Extraction Fields. All disagreements will be resolved via beforementioned senior author. 

Data items and management	Comment by Mikkel Schou Andersen: Item 11
All records are extracted to a MS Excel data collection form; the data collection form will be pilot-tested on randomly selected included studies before the full data extraction begins. Full datasets will be made available as supplementary to final manuscript either via journal or www.researchgate.net. All screening will be made in MS Excel and marked relevant or not based on abstract. 

We will extract the following effect modifiers/study characteristics for organoid model studies: Type and characteristics of cell(s) used to establish organoids incl. number, passage, conditions and reagents used, intervention if applicable, duration of incubation, extraction method, similarities to human/parent meningiomas.

Extraction fields

	Author 
	Main author last name (et al. if applicable) 

	Year of publication 
	Year of publication 

	Source of origin/country of origin 
	Journal record is published in and description of country or countries of origin(s) – Multiple countries can occur in international collaborations 

	Aims/purposes 
	Main aim of the record

	
	Other described aspects as notes  

	Cell type used to establish organoid model 
	Type of cell(s) used. All cell types used to create organoids are to be described in full. See below. 

	
	Other described aspects as notes  

	If primary patient-derived
	Patient age and sex

	
	Intracranial tumor location

	
	WHO grade

	
	Subtype

	
	Passage number

	
	Other described aspects as notes  

	If established cell line
	Name, Origin,

	
	Malignancy grade

	
	Passage number if applicable

	
	Other described aspects as notes  

	Conditions
	Incubator settings temperature/CO2 

	
	Container type? Flasks, wells etc

	
	Other described aspects as notes  

	Number of cells 
	Numbers of cells used to perform organoids per well/flask

	
	Other described aspects as notes  

	Medium
	Fully described medium with additives (FBS%, P/S, GlutaMax etc.) 

	
	Medium changes - Frequency

	
	Other described aspects as notes  

	Other reagents used to establish organoids
	Did the model utilize Matrigel, VitroGel or alike to establish the organoids

	
	Other described aspects as notes  

	Intervention
	(if applicable) e.g., drug/irradiation, dose, timing of administration, frequency of administration, route of administration, vehicle

	Duration of incubation 
	Duration of incubation in days

	Extraction method
	Describe means of extraction and post incubation treatment

	Success rate 
	Number of original cell lines vs successful organoid cultures
Percentage of success rate if applicable 

	Size
	(if) size can be estimated in 2 planes (2D) Z x Y this should be described

	Comparison/verification modalities 
	Describe which modalities were used to verify organoids

	
	Describe which methods were used to compare xenograft to established cell line e.g., histology, immunohistochemistry, epigenetics/genetics

	
	Other described aspects as notes 

	Results
	Narratively describe results



Synthesis of results	Comment by Mikkel Schou Andersen: Item 14
Narrative descriptions
We will present our objectives narratively. We will include narrative description of how various meningioma organoid/3D models are established. Moreover, we will narratively assess the different models available and assess reproducibility and reliability alongside pros and cons. Furthermore, there will be narrative description of comparisons to other in vitro models in terms of i.e. biochemistry, immunohistochemical markers, genetic and epigenetic analyses – if applicable. Finally we will provide future aspects of meningioma organoid models – perspective and uses.

Effect modifiers/study characteristics
We will present important potential effect modifiers and study characteristics in tables.

Assessment of risk of bias of included studies
We will conduct an assessment of risk of bias of all included studies using an adapted addition of risk-of-bias tool to address in vitro studies developed by the United States national toxicology program. in vitro subpart have been adapted to the OHAT Risk of Bias Rating Tool for Human and Animal Studies https://ntp.niehs.nih.gov/whatwestudy/assessments/noncancer/riskbias by the OHAT. The authors have made additions/alterations, which have been clearly stated in the table below. 

All studies are ranked based on the below
[image: ]
Figure. From OHAT risk of bias rating tool for human and animal studies

	1.
Selection bias
(Randomization)
	Was administered does or exposure level adequately randomized?

· Random intervention
	++: Direct evidence that study used a control group as an indication that randomization covered all study groups. 

+: Authors state randomization without specifying this further

-: Indirect evidence that allocation was performed with a non-random component or no concurrent control group (Can also be NR)

--: Direct evidence of non-random method used to determine randomization

Note 1: Insufficient information provided to assess randomization: Not reported (NR) 
Note 2: Lack of variation in homogenous cells – no need for randomization hence not applicable (NA) - no variation = no impact if homogeneous cell suspension

	2. 
Selection bias
(Allocation concealment)
	Was allocation to study groups adequately concealed?

· Allocation performed randomly
	++: Direct evidence that at the time of assigning study groups the research personnel did not know what group animals were allocated to. And unlikely that the concealment have been broken.  

+: Indirect evidence of study personnel did not know interventions. 

-: Indirect evidence that research personnel could have known which groups were allocated to what – or likely the concealment was broken (Can also be NR)

--: Direct evidence no concealment of groups.

Note 1: Insufficient information provided to assess randomization: Not reported (NR) 
Note 2: Lack of variation in homogenous cells – no need for randomization hence not applicable. no variation = no impact if homogeneous cell suspension
Note 3: Allocation concealment is needed to ensure are similar (unbiased) at baseline – similar baseline characteristics. Allocation concealment seeks to prevent selection bias and protects assignment sequence before and until allocation. (pre-randomization)

	3. 
Performance bias
	Were experimental conditions identical across study groups? 

· Identical research conditions
(Same media, solvent, incubator, plate conditions)
	++: Direct evidence that identical conditions were met for all experiments: same media for controls and experimental culture wells, similar culture plates – including handling.

+: Indirect evidence of the above

-: Indirect evidence that conditions were not equal for all groups (Can be NR)

--: Direct evidence that there were different experimental conditions

Note 1: Can be difficult to assess due to poor reporting hence NR should be reported. 



	4. 
Performance
	Were the research personnel blinded to the study groups during the study?

· Blinding 
	++: There is direct evidence that the research personnel were adequately blinded to study group, and it is unlikely that they could have broken the blinding during the study. Methods used to ensure blinding include central allocation; sequentially numbered treatment containers of identical appearance; sequentially numbered animal cages; or equivalent methods.

+: There is indirect evidence that the research personnel were adequately blinded to study group, and it is unlikely that they could have broken the blinding during the study, OR it is deemed that lack of adequate blinding during the study would not appreciably bias results. This would include cases where blinding was not possible but research personnel took steps to minimize potential bias. – All cells were treated equally. 

-: There is indirect evidence that the research personnel were not adequately blinded to study group, OR there is insufficient information provided about blinding study group during the study (can also be NR) 

--: There is direct evidence that the research personnel were not adequately blinded to study group and to a degree, which influenced results with high certainty. 

Note 1: Blinding seeks to prevent ascertainment bias, protects sequence after allocation. (post randomization)
Note 2: Robotic systems eliminate need; otherwise may apply

	5. Attrition/Exclusion bias
	Were outcome data complete without attrition or exclusion from analysis

· Incomplete data.
	++: There is direct evidence that failed cell experiments/loss of cell lineswere adequately addressed and reasons were documented. Acceptable handling of attrition includes: very little missing outcome data; reasons for missing in vitro experiments unlikely to be related to outcome; missing outcome data balanced in numbers across study groups, with similar reasons for missing data across groups; missing outcomes is not enough to impact the effect estimate. 

+: There is indirect evidence that loss of in vitro experiment/cells/cell lines were adequately addressed and reasons were documented when cells  were removed from a study, OR it is deemed that the proportion lost would not appreciably bias results. This would include reports of no statistical differences in characteristics of animals removed from the study from those remaining in the study.

-: There is indirect evidence of failure to report failed in vitro subparts – attrition not adequately addressed. (can also be NR) 

--: There is direct evidence of omittance/attrition of data. Unacceptable handling of attrition or exclusion includes: reason for loss is likely to be related to true outcome, with either imbalance in numbers or reasons for loss across study groups.

Note 1: includes evidence of well or plate loss without explanation

	6. 
Detection bias
	Can we be confident in the exposure characterization?

· Exposure 
	++: There is direct evidence that exposure was consistently administered (i.e. with the same method and time-frame across treatment groups)

+: There is indirect evidence that exposure was consistently administered (i.e. with the same method and time-frame across treatment groups)

-: There is indirect evidence for poor handling of exposure administration, but no evidence for concern (can also be NR)

--: Direct evidence poor handling of exposure administration. 

Note 1: Basically, do we trust that the treatment plan/exposure plan was maintained for all groups or not. – not to confuse with 3. Performance. 
Note 2: This section has been altered. OHAT includes purity, stability, solubility, volatility of substance. This will be addressed in other if applicable in the literature. 


	7. 
Detection bias
	Can we be confident in the outcome assessment?

· Confidence in the outcome requires valid, reliable, and sensitive methods to assess the outcome applied consistently across groups
	++: There is direct evidence that the outcome was assessed using well-established methods (the gold standard), 
AND assessed at the same length of time after initial exposure in all study groups, 
AND there is direct evidence that the outcome assessors were adequately blinded to the study group, and it is unlikely that they could have broken the blinding prior to reporting outcomes.

+: There is indirect evidence that the outcome was assessed using acceptable methods (i.e., deemed valid and reliable but not the gold standard), 
AND assessed at the same length of time after initial exposure in all study groups, 
OR it is deemed that the outcome assessment methods used would not appreciably bias results, 
AND there is indirect evidence that the outcome assessors were adequately blinded to the study group, and it is unlikely that they could have broken the blinding prior to reporting outcomes, 
OR it is deemed that lack of adequate blinding of outcome assessors would not appreciably bias results, which is more likely to apply to objective outcome measures. For some outcomes, particularly histopathology assessment, outcome assessors are not blind to study group as they require comparison to the control to appropriately judge the outcome, but additional measures such as multiple levels of independent review by trained pathologists can minimize this potential bias.

-: There is indirect evidence that the outcome assessment method is an insensitive instrument, OR the length of time after initial exposure differed by study group, OR there is indirect evidence that it was possible for outcome assessors to infer the study group prior to reporting outcomes without sufficient quality control measures, OR there is insufficient information provided about blinding of outcome assessors (Can also be NR) 

--: There is direct evidence that the outcome assessment method is an insensitive instrument, 
OR the length of time after initial exposure differed by study group, 
OR there is direct evidence for lack of adequate blinding of outcome assessors, including no blinding or incomplete blinding without quality control measures.

Note 1: Acceptable or well established methods and blinding unless automated/no handling between experiment and measurement
Note 2: Detection bias can be minimized by using valid and reliable methods to assess the outcome applied consistently across groups (i.e., under the same method and time-frame).

	8. 
Reporting bias
	Were all measured outcomes reported?

· Covers whether all measured outcomes were reported

	++: There is direct evidence that all of the study’s measured outcomes (primary and secondary) outlined in the protocol, methods, abstract, and/or introduction (that are relevant for the evaluation) have been reported. This would include outcomes reported with sufficient detail to be included in meta-analysis or fully tabulated during data extraction and analyses had been planned in advance.  

+: There is indirect evidence that all of the study’s measured outcomes (primary and secondary) outlined in the protocol, methods, abstract, and/or introduction (that are relevant for the evaluation) have been reported,  OR analyses that had not been planned in advance (i.e., retrospective unplanned subgroup analyses) are clearly indicated as such and it is deemed that the unplanned analyses were appropriate and selective reporting would not appreciably bias results (e.g., appropriate analyses of an unexpected effect). This would include outcomes reported with insufficient detail such as only reporting that results were statistically significant (or not).

-: There is indirect evidence that all of the study’s measured outcomes (primary and secondary) outlined in the protocol, methods, abstract, and/or introduction (that are relevant for the evaluation) have been reported,  OR and there is indirect evidence that unplanned analyses were included that may appreciably bias results, OR there is insufficient information provided about selective outcome reporting (record “NR” as basis for answer).

--: There is direct evidence that all of the study’s measured outcomes (primary and secondary) outlined in the protocol, methods, abstract, and/or introduction (that are relevant for the evaluation) have not been reported. In addition to not reporting outcomes, this would include reporting outcomes based on composite score without individual outcome components or outcomes reported using measurements, analysis methods or subsets of the data (e.g., subscales) that were not pre-specified or reporting outcomes not pre-specified, or that unplanned analyses were included that would appreciably bias results.

	9. 
Other
	Were there no other potential threats to internal validity?

· Study design
	· Did the study design or analysis account for important confounding and modifying variables (including unintended co-exposures) in experimental studies?
Examples: 
· Statistics: Failure to statistically or experimentally adjust for litter in an animal study with a developmental outcome. May not apply for in vitro research. The direction of the bias is away from the null towards a larger effect size. 
· Deviations from the protocol: Evidence of deviations in the protocol should be noted as direct (definitely high risk of bias) or indirect (probably high risk of bias). Given reporting practices it is unlikely that deviations from the protocol will be explicitly reported in most studies and therefore the bias is very difficult to assess. Caution should be taken so that studies that do provide a protocol and report deviations are not ”punished” for having better reporting practices. 
· Unintended co-exposures for experimental studies: Evidence of other exposures that are anticipated to bias results should be noted as direct (definitely high risk of bias) or indirect (probably high risk of bias) evidence of other exposures anticipated to bias results, if present and not appropriately adjusted for. Non-differential co-exposures that are likely to bias the results toward the null should be considered in the context of the study findings.  

	10
Other
	Was the study free of inappropriate influence from funders or companies supplying drugs or equipment? Did the authors declare a direct conflict of interest to the study?

· Statement of potential conflict of interest 
	++: There is direct evidence of all authors having no disclosures and no involvement from companies.

+: There is indirect evidence of authors having no disclosures, but not specified if it applied to all authors. Furthermore, clear indication of company involvement – if deemed appropriate then +.  

-: There is indirect evidence of possible influence by disclosures not presented sufficiently (can also be NR). If company employees for a specific study drug were co-authors, were their involvement noted, if not then “-“. 

--: There is direct evidence of company involvement, i.e. company employees of i.e. study drug involved in paper, but does not disclose this or note this in any way. 

Note 1: This item have been added by our research group
Note 2: inappropriate influence of funders or biased by companies


	11. 
Other
	Other

· Project specific considerations (e.g., appropriate statistical methods)
	Yet to be determined. Will be added if deemed necessary, when assessing included elements. 



We will summarize the overall quality of included studies narratively and include this in the interpretation of our results.

Possible biases
Publication bias: Negative results will be less likely to be published especially if inappropriate influence of funder or biased companies occur.

Selective outcome reporting: Studies might not report all outcome data or all analyses performed. It is only possible to assess whether this is the case if we have access to original protocols, which we expect to rarely. Therefore, it is likely impossible to determine the risk of selective outcome reporting and we will therefore interpret our results with some caution.
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