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Definitions
Bias are systematic errors, or deviations from the truth, in results or inference (Cochrane Collaboration 2005). For in vitro studies, 
systematic errors may be introduced in the study design, conduction and/or analysis and cause the result to be an overestimate or 
underestimate.
Bias domains are themes such as study performance, analysis and reporting, under which bias items can be organised/grouped.
Bias items are study properties that may be relevant for introduction of bias in results and/or their interpretation. Criteria are the issues 
that have to be fulfilled for bias to be avoided. In the guidance document for the INVITES-IN tool there will be criteria for reaching 
risk-of-bias judgements for each signalling question.
Internal validity is the extent to which the design and conduct of a study are likely to have prevented bias (Cochrane Collaboration 
2005).
In vitro (‘in the glass’) tests means that it is done outside of a living organism and it usually involves isolated tissues, organs or cells 
(ECHA 2023).
NAMs does not have a standard definition yet. However, there seems to be a general agreement that the term ‘NAMs’ include in 
chemico, in silico and in vitro studies. One established definition is that NAMs includes any technology, methodology, approach or 
combination that can provide information on chemical hazard and risk assessment without the use of animals, including in silico, in 
chemico, in vitro and ex vivo approaches (ECHA 2016; EPA 2018).
Risk of bias is a measure for systematic errors. Risk of bias tools are used for evaluation of the extent to which the design and conduct 
of a study are likely to have prevented bias (the degree of systematic errors).
Signalling questions are the questions that the users of the tool answer in order to determine whether the criteria have been fulfilled.
Validity is the degree to which a result (of a measurement or study) is likely to be true and free of bias (systematic errors) (Cochrane 
Collaboration 2005).
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This protocol describes the design and development of a tool for evaluation of the internal validity 

of in vitro studies, which is needed to include the data as evidence in systematic reviews and 

chemical risk assessments. The tool will be designed specifically to be applied to cell culture 

studies, including, but not restricted to, studies meeting the new approach methodology (NAM) 

definition. The tool is called INVITES-IN (IN VITro Experimental Studies INternal validity).

In this protocol, three of the four studies that will be performed to create the release version 

of INVITES-IN are described. In the first study, evaluation of existing assessment tools will be 

combined with focus group discussions to identify how characteristics of the design or conduct 

of an in vitro study can affect its internal validity. Bias domains and items considered to be of 

relevance for in vitro studies will be identified. In the second study, group agreement on internal 

validity domains and items of importance for in vitro studies will be identified via a modified 

Delphi methodology. In the third study, the draft version of the tool will be created, based on 

the data on relevance and importance of bias domains and items collected in Studies 1 and 2. 

A separate protocol will be prepared for the fourth study, which includes the user testing and 

validation of the tool, and collection of users’ experience.

Keywords

Cell culture; NAMs; next generation risk assessment; risk of bias

1. Introduction

1.1. Evaluation of internal validity

This protocol describes the design and development of a tool for evaluation of the internal 

validity of in vitro studies. Internal validity is the extent to which a study (methodological 

design, methods and data analysis) is free from bias, where bias is ‘systematic error, or 

deviation from the truth, in results’ (Cochrane Collaboration 2005). A test performed in vitro 
(‘in the glass’) means that it is done outside of a living organism and it usually involves 

isolated tissues, organs or cells (ECHA 2023). The tool is called INVITES-IN (IN VITro 

Experimental Studies INternal validity).

Methods to generate evidence for regulatory toxicology are shifting from classical animal 

experiments to new approach methodologies (NAMs). The European Chemicals Agency and 

the U.S. Environmental Protection Agency define NAMs as any technology, methodology, 

approach or combination that can provide information on chemical hazard and risk 

assessment without the use of animals, including in silico, in chemico, in vitro and ex vivo 
approaches (ECHA 2016; EPA 2018). According to the European Food Safety Authority 

(EFSA), the term NAMs is used to make reference to any non-animal-based approach that 

can be used to provide toxicological information in the context of hazard/risk assessments 

(EFSA et al. 2022).

As part of the gradual incorporation and transition toward the use of NAMs, including in 
vitro studies, a framework for evidence-based use of NAMs in toxicological research and 

chemical risk assessment is required. Such a framework should ultimately incorporate at 

least the following principles:
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1. Result in identification of all relevant NAM-generated evidence relating to the 

research question addressed in a systematic review or risk assessment.

2. Provide for the evaluation of the internal validity of NAM studies (propensity for 

systematic error due to how the study is designed and conducted).

3. Provide for the evaluation of the external validity of NAM studies (the degree to 

which results of a study can be translated/generalised to human adverse health 

effects).

4. Contribute to objectivity, robustness, transparency and reproducibility in the 

hazard identification and characterisation process.

5. In its approach to normalising and structuring the description and analysis of 

NAMs, contribute to progress in the extent to which research data conform to 

FAIR (Findable, Accessible, Interoperable and Re-usable) principles of open 

science.

Systematic review and evidence-based toxicology principles should be implemented in all 

parts of the framework, and it should be generic and usable across different regulatory 

sectors such as food safety, cosmetic ingredient safety, etc. Principles for incorporating 

evidence from NAMs into risk assessments and a framework for the evaluation of skin 

sensitisation have been developed for cosmetic ingredients (Dent et al. 2018; Gilmour 

et al. 2020). Methods for incorporation of mechanistic studies as supporting evidence in 

hazard and/or risk assessment is included in the U.S. NTP OHAT handbook for systematic 

reviews, the ORD staff handbook for developing IRIS assessments, and the draft TSCA 

interpretation of systematic review methods to support chemical risk evaluations (EPA 2022, 

2023; NTP OHAT 2019). However, there is currently no complete framework for evidence-

based chemical risk assessment that integrates NAMs to facilitate the transition from use of 

animals to the use of NAMs in chemical risk assessments.

‘Next generation risk assessment in practice’ is a project in the European Partnership 

for the Assessment of Risks from Chemicals (PARC). PARC aims to develop next 

generation chemical risk assessment to advance research, share knowledge and improve 

skills, protecting human health and the environment. The present project is included in the 

task focusing on facilitating regulatory acceptance and use of NAMs. PARC is a 7-year 

partnership under Horizon Europe, including close to 200 institutions from 28 countries 

working in the areas of the environment or public health, and 3 EU authorities (PARC 2023). 

With the ‘Next generation risk assessment in practice’ project, we aim to contribute to the 

development of a framework for evidence-based use of data generated by in vitro studies in 

human health hazard identification and characterisation by creating tools and guidances. A 

webpage giving an overview of the planned work in the ‘Next generation risk assessment 

in practice’ project has been created (VKM 2023). The first step in our PARC project is 

to develop a tool for evaluation of internal validity for in vitro studies. The next steps, all 

focusing on in vitro studies, will be the development of a tool for evaluation of external 

validity, creation of guidance for evaluation of certainty in the evidence, and creation of 

guidance for the identification of point of departure and the uncertainty in the point of 

departure. We chose to start focusing on creation of tools for validity assessment, as validity 

Svendsen et al. Page 4

Evid Based Toxicol. Author manuscript; available in PMC 2024 January 23.

E
PA

 A
uthor M

anuscript
E

PA
 A

uthor M
anuscript

E
PA

 A
uthor M

anuscript



assessment is one of the critical steps in the systematic review process. Further, we chose 

to start focusing on in vitro models as there is a general agreement that these are important 

as replacement for animal studies to provide information for hazard/risk assessment (ECHA 

2016; EFSA et al. 2022; EPA 2018) in a wider integrating approach. It has been suggested 

that in vitro models could be more suitable than animal models for the prediction of toxicity. 

For example, in vitro data did predict liver toxicity caused by the drug troglitazone whereas 

neither published animal nor human studies were able to accurately predict the hazard 

(Dirven et al. 2021).

Several in vitro study designs exist; however, we have chosen only to focus on cell culture 

studies (meaning studies using cells derived from multicellular organisms). This delimitation 

is mainly due to feasibility, especially concerning the user testing, where the number of user 

testing participants will have to be very large to be able to test that the tool works on all 

types of in vitro study designs.

The implementation of this tool might be of help to improve the inclusion of NAMs in 

the chemical risk assessment process and facilitate regulatory uptake, with a focus on risk 

assessors’ daily practice and workflow.

While many tools have been created for assessing in vitro studies, there is a priori lack 

of consensus on developing a tool with the application of rigorous methods. We therefore 

aim to address this situation by using methods that ensure we are building on prior work, 

with a degree of rigor consistent with our intent to provide an authoritative assessment tool. 

We also intend to use the findings of INVITES-IN to prepare guidance on the design and 

conduct of in vitro studies that will help researchers minimise and/or transparently identify 

potential biases in their studies.

1.2. Objective

The aim of this project is to create INVITES-IN, a tool for evaluating the internal validity 

of in vitro studies. The INVITES-IN tool will be designed specifically to be applied to cell 

culture models (e.g., cell lines, primary cell models, co-cultures, monolayer and 3-D cell 

models systems) treated with a single-chemical substance exposure, measuring any outcome. 

We anticipate that the tool will be applicable (potentially with modification) to other in vitro 
study designs or other NAMs such as organ-on-a-chip, in ovo, fish embryos, ex vivo, in 
chemico, etc., and chemical mixture studies, but this will not be addressed in this study.

To contribute to its usability, INVITES-IN will be accompanied by instructions to guide the 

user through the evaluation of internal validity of in vitro studies step-by-step. While there 

is good empirical evidence from several domains that certain features of how a study is 

designed, conducted and analysed can introduce bias, it is usually not possible to determine 

how much bias a given feature has introduced on any specific occasion (Savović et al. 2012). 

INVITES-IN therefore follows conventional guidance (Boutron et al. 2022; Frampton et 

al. 2022) in being designed to differentiate studies with relatively higher risk of bias from 

studies with relatively lower risk of bias.
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1.3. Project governance

The development of INVITES-IN is part of the PARC project ‘Next generation risk 

assessment in practice’ [Project 101057014 – PARC]. A project group (PG) has been 

established with the responsibility for developing and implementing the tool for evaluation 

of internal validity of in vitro studies. The project is led by the Norwegian Institute of Public 

Health represented by the Norwegian Scientific Committee for Food and Environment 

(Norway). The project partners are Benaki Phytopathological Institute (Greece), Istituto 

Superiore di Sanità (Italy) and the University of Basel (Switzerland).

A scientific advisory group (SAG) consisting of experts in systematic review principles, 

chemical risk assessment, toxicology, NAMs and/or methods for tool development, several 

of whom have been directly involved in developing approaches to assessing the validity of in 
vitro studies, has been established. The SAG gives strategic guidance and support to the PG 

and share information about ongoing projects addressing similar questions to ensure that the 

outcome of this project complements and builds on the work of others and thereby creates 

synergies and avoids duplication of efforts.

2. Materials and methods

2.1. Study design

2.1.1. An overview of the creation of INVITES-IN—The method for creating 

INVITES-IN will follow the general framework for developing quality assessment tools 

suggested by Whiting et al. (2017). This is a broad framework of general principles rather 

than a tightly prescribed standard but gives the general structure of our approach. Four 

studies will be performed to create INVITES-IN (Figure 1). This protocol describes Studies 

1, 2 and 3, and the timeline is shown in Figure 2. A separate protocol will be prepared for 

Study 4.

The tool will consist of signalling questions and criteria for reaching risk-of-bias judgments 

for each signalling question. Criteria are the issues that have to be fulfilled to avoid bias. 

Signalling questions are questions that the users of the tool answer in order to determine 

whether the criteria have been fulfilled. The technical solution for the tool has not yet been 

decided; however, we intend to make an online tool.

The target group for the use of the tool (i.e., end-users) includes in vitro scientists and 

risk assessors conducting literature reviews in hazard assessments/safety evaluations, which 

could be part of a chemical risk/safety assessment, a systematic review or both, for 

regulatory or research purposes.

To get the input we need to develop the tool, we aim to recruit participants experienced 

with in vitro research that are representative for the end-users. For the Studies 1 and 3, 

we aim to recruit some participants also having experience with systematic reviews, some 

also having experience with chemical risk assessment, and some having no experience with 

systematic reviews or chemical risk assessments. For Study 2, we consider it critical that 

all participants have systematic review experience, as this is the study where the importance 

of different internal validity items will be ranked. Previous experience with evaluation of 
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internal validity is considered important to be able to rank importance of different internal 

validity items. All groups of end-expected users are covered by the networks of the PG and 

the SAG. Potential participants will therefore be identified through nomination by PG and 

SAG members, who will be requested to nominate three potential participants. For each 

nominated participant, an overview of their scientific expertise and experience, affiliation, 

geographical location and gender will be prepared. From the pool of nominated participants, 

PG will select participants that will be invited. In the selection process, PG will ensure 

diversity among the participants by including scientists from different fields having different 

professional backgrounds and experience with different cell culture models, covering a 

variety of geographical locations, and having an even gender distribution. In each focus 

group, all participants should be affiliated with different institutions, located in at least four 

different countries. This way we will avoid having an overrepresentation of focus group 

participants from a few institutions or from a too limited number of countries. We consider 

that this described process will make it possible to carry out the recruitment without it being 

an overly time-consuming process, and at the same time secure sufficient diversity in the 

group of participants.

The tasks and workload for the participants, the outcome of their contribution and the 

participant eligibility criteria, are shown in Figure 3 and Table 1. Note that it is not expected 

that the same persons participate in all studies. It is planned that the persons participating in 

Study 1 will be also invited to participate in Study 3.

For all three studies, the potential participants will receive information about the project 

when they are contacted by email, and participants that accept the invitation will be 

requested to complete a declaration of interest form. The PG will evaluate the declaration of 

interest forms, focusing mainly on identification of potential conflicts of interest that may 

interfere with the participants’ contribution and role in the focus group discussion.

Previous studies report average or median time for the assessment of RoB of a study to 

range from 20 to 40 min (Eick et al. 2020; Momen et al. 2022). We intend to keep the time 

needed for assessment of one cell culture study within this range.

All data analyses will be done by the PG members. All raw data from each study will be 

anonymised and made available as supplementary to the respective publications.

2.1.2. Ethical review—Ethical approval has been given by the Norwegian Institute of 

Public Health.

2.2. Study 1: Creating the alpha version of the tool

2.2.1. Introduction and objective—The objective of Study 1 is to create a straw-man 

or alpha version of INVITES-IN that can be further developed via a modified Delphi process 

(see Section 2.3.2 for description). In Study 1, a list of characteristics of the design, conduct 

and analysis of an in vitro study that can introduce bias into its results or findings will be 

compiled, organised thematically and then interpreted into a draft set of structured signalling 

questions that constitute the alpha version of INVITES-IN.
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The knowledge goal is to have the expert interpretations of the relevance of bias domains 

and items for in vitro studies.

A pilot focus group discussion was arranged to get an impression of the time needed for 

the focus group discussions, to test the technical functions and to get feedback on factors 

related to the presentation of questions and the use of examples that may be of importance to 

conduct successful focus group discussions.

2.2.2. Method—We will include three focus groups with six to eight participants in each 

group (Figure 3).

An overview of the workflow and the responsibilities in Study 1 are given in Table 2.

2.2.2.1. Identifying relevant bias domains and items.: A list of bias domains and items 

of potential relevance for in vitro studies will be prepared using several literature sources. 

This list will serve as a starting point for the creation of INVITES-IN and provide the basis 

for the focus group discussions. The literature sources are as follows: two systematic reviews 

on validity tools for in vitro models (Tran et al. 2021; Whaley, Hooijmans, and Wattam 

in preparation), a publication on study sensitivity that includes assessment items that may 

relate to internal validity but may not be included in other tools (Cooper et al. 2016) and 

tools for evaluation of risk of bias (EPA 2022; NTP OHAT 2015, 2019; Roth, Zilliacus, and 

Beronius 2021; Sterne et al. 2019).

2.2.2.2. Focus group participants.: Eligible focus group participants will be scientists 

with or without systematic review experience that are active in the field of in vitro research 

in academia, governmental institutions (including risk assessment institutions and research 

institutes) or private research institutes, at post-doctoral level or higher, and level B1 English 

speakers (Table 1). PG and SAG will nominate participants. We aim to have an equal gender 

distribution, a reasonable demographic and regional distribution, and a group size of six 

to eight participants as this group size is recommended to generate diverse ideas but not 

so many participants that they do not have a chance to share perspectives (Krueger et al. 

2001). The minimum number of participants in a focus group is considered to be four. All 

participants in a focus group will be affiliated with different institutions in an attempt to 

achieve variation in input and perspective, and they should be working with a variety of in 
vitro models to cover a wide range of experimental systems. No compensation is offered for 

the participation, and participants will not be offered co-authorship.

Potential focus group participants will be contacted via email. They will receive a document 

with information about the project, the purpose of the focus groups and the focus 

group discussions, that the use of information learned in the meeting will not allow for 

identification of the focus group participants, the withdrawal procedure, the financial source 

and the approximate time for the focus group meeting. Focus group participants must 

actively confirm their consent by email.

We aim to have three different focus groups (Krueger et al. 2001); however, two groups 

are considered to be the minimum. All groups will be presented with the same information 
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and questions, although the direction in which discussion is steered may depend on how 

comprehensively previous focus groups were able to cover each issue. The need for 

including an additional group will be discussed if new insights are presented during the 

meetings, or if areas needing discussion were not addressed.

2.2.2.3. Focus group discussion.: We plan to have two group discussions per focus group. 

The second meeting will be cancelled if considered not to be needed. The discussions will 

be carried out as online meetings and will be recorded. A PG member will act as a focus 

group moderator and lead the discussions in the meeting, and another PG member will 

handle the logistics (the assistant moderator).

The complete list of identified bias domains and items will be the starting point for the 

focus group discussions. The discussions will be facilitated with a view to addressing two 

questions (numbering is for referencing purposes and the questions will not necessarily be 

presented in this order):

1. Are there any gaps in the identified domains or items that could influence 

systematic error in an in vitro study?

2. What characteristics of the design, conduct or analysis of an in vitro study could 

introduce systematic error into its results or findings?

Question (1) will be addressed both by asking directly and inferred from analysis of the 

discussion (see Section 2.2.2.4). Question (2) will be directly asked.

Discussion relating to questions (1) and (2) will be structured in terms of the bias domains 

defined in the Scientific Evidence Code System (SEVCO) (Table 3) (Alper et al. 2021b). 

The SEVCO domains are chosen because they are consistent with the bias domains of 

Whaley, Hooijmans, and Wattam (in preparation) and the OHAT tool (NTP OHAT 2019) but 

represent a more recent normalised list of bias categories derived from a robust grounding 

and consensus process (Alper et al. 2021a). These definitions are developed for human 

studies, and the relevance for in vitro studies will be discussed in the focus groups. We 

acknowledge that not all bias domains presented in Table 3 may be of relevance for in vitro 
studies. However, we will include all bias domains with approved SEVCO definitions in 

the focus group discussions in order to collect expert feedback on the relevance for in vitro 
studies. SEVCO draft bias domains that have not been approved are not listed. Participants 

may suggest additional bias domains.

Focus group participants will be shown and have read to them the definitions for each bias 

domain. Participants will then be led in discussion of how the domain might be active in the 

in vitro context, with examples from their practical research experience of how systematic 

error can be introduced into an in vitro study. For each bias domain, one example for animal 

studies and one example for in vitro studies will be prepared, and these will be presented 

when there is a need for further clarification to start the discussion.

Participants will be given an option to send additional thoughts and considerations on the 

relevance of the discussed bias domains and items for in vitro studies to the PG by email 

within a week after the focus group discussion.
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2.2.2.4. Data analysis and reporting.: Focus group transcripts will be analysed for 

potential risk of bias criteria and items that could be added to the alpha version of INVITES-

IN. For time efficiency, transcripts of the focus group discussions will be machine generated. 

Errors in transcription will only be corrected when they affect coding and interpretation of 

the discussion and will be done by the focus group moderator and the assistant moderator. 

Anonymised transcripts will be shared as raw data and be included as supplementary 

materials. The original recordings, as they contain personally identifiable information, will 

not be made available.

The focus group transcripts will be annotated (coded) in order to provide qualitative 

data on the following: preferences of the participants for traditional versus more recent 

approaches to structure risk of bias assessment (‘preferred approach’), including reasons 

for and against; the participants’ ideas about how researchers’ approaches to designing, 

conducting, analysing and reporting studies (‘issues’) can potentially introduce systematic 

error, including their potential importance; the participants’ ideas about when (‘time-point’) 

systematic error is introduced; the participants’ ideas about the relevance (‘relevance’) for in 
vitro studies.

Data on preferred approach, issues, time-points and relevance will be annotated by two 

investigators with a high level of expertise in bias assessment working independently then 

reconciling their coding decisions in discussion with a third investigator with experience 

in coding and reconciliation. The annotation environment will be Microsoft Word. The 

annotators will reach consensus for coding using the codebook through coding a part of one 

transcript together and discussing differences in interpretation, and they will agree on the 

rules for annotation (e.g., sentence or word highlighting for codes) and document these as 

their coding strategy in a coding manual.

Coding will be a mix of deductive (prespecified) and inductive (ad hoc) annotation. The 

definitions of the deductive codes are included in Table 4, and we have also indicated where 

we already anticipate that codes will be developed inductively, though further inductive 

codes will be developed as needed. The Code Book is shown in Table 5. A report of 

the results of the annotation exercise, as a set of excerpted text strings aggregated under 

code categories and labelled with specific codes, will be generated as data for supporting 

development of the alpha version of INVITES-IN.

2.2.3. Results and outcome—The focus group participants will not make decisions 

but provide ideas and recommendations. Their feedback on issues, time-points, and 

relevance for the in vitro context will be used by the PG to prepare the alpha version of 

INVITES-IN, which will contain all bias domains and items considered to be of relevance 

for in vitro studies with reasonings. The final decisions regarding the inclusion of bias 

domains and items in the alpha version of INVITES-IN will be made by the PG members 

involved in this study. An overview of bias domains and items that are not included in 

the alpha version will be included in the study report and comprehensively documented in 

supporting data. The intent here is not to permanently exclude any items, but to generate 

a list of practical length for analysis by the modified Delphi process. Decisions about 

exclusion of domains or items at this stage affect only the alpha version of INVITES-IN and 
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are not final: if the Delphi process reintroduces any excluded concepts, this will supersede 

the initial decision made by the PG.

2.3. Study 2: Determining bias domains and items of importance for in vitro studies

2.3.1. Introduction and objective—The objective is to eliminate, add to or refine the 

proposed bias domains and assessment items that are generated by Study 1. This provides 

the final data to be interpreted into the beta version of INVITES-IN in Study 3.

The feature tested is the importance of the bias domains and items included in the alpha 

version of INVITES-IN for the internal validity of in vitro studies.

The knowledge goal is to have the expert interpretations of the importance of bias domains 

and items for in vitro studies.

2.3.2. Method—A modification of the Delphi technique (Dalkey and Helmer 1963) 

will be used to obtain subjective opinions on the importance of bias domains and items 

for in vitro studies from experts experienced with both in vitro studies and systematic 

review principles. The Delphi technique gives the opportunity to collect subjective 

expert statements anonymously and gives the desired transparency, without e.g. social or 

personality-based factors resulting in one expert’s feedback influencing the feedback another 

expert in the group. Therefore, this approach is considered to be an appropriate technique to 

identify expert agreement.

A two-round digital Delphi survey will be conducted, followed by an online workshop for 

guided discussions. In both rounds, expert panellists will complete a questionnaire. From 

each Delphi round, the outcome will be subjective expert feedback on importance of bias 

domains and items, and we will use these data to identify expert agreement on bias domains 

and items important for internal validity of in vitro studies. Bias domains and items for 

which agreement was not reached during the two Delphi rounds will be discussed in the 

workshop. In addition, the participants will be asked to give input on the wording of the 

questions in each Delphi round and during the guided discussion.

An overview of the workflow and the responsibilities in Study 2 is given in Table 6.

2.3.2.1. Delphi participants.: Eligible Delphi participants will be scientists that are active 

in the field of in vitro research and have some experience with systematic literature review 

principles, are affiliated in academia, governmental institutions (including risk assessment 

institutions and research institutes) or private research institutes, at post-doctoral level or 

higher and level B1 English speakers (Table 1). PG and SAG will nominate participants.

We aim to have an even gender and geographical location distribution for the potential 

participants that are invited to participate. The number of participants will be 20–30 (see 

Figure 3), depending on the number of suitable candidates identified by PG and SAG 

and the candidate’s willingness to participate. The minimum number of participants is 

considered to be 15.

Svendsen et al. Page 11

Evid Based Toxicol. Author manuscript; available in PMC 2024 January 23.

E
PA

 A
uthor M

anuscript
E

PA
 A

uthor M
anuscript

E
PA

 A
uthor M

anuscript



Potential participants will be contacted via email, and they will receive a letter with 

information about the project and the purpose of the Delphi survey including the fact that 

the use of individual survey responses will not allow for identification of the participant, the 

withdrawal procedure, the financial source, as well as the approximate time for completion 

of the questionnaires. Participants must actively confirm their consent by email to be 

included as a participant. Before each Delphi round and the guided discussion, participants 

will receive instructions. Participants are eligible to be co-authors of the Delphi study 

manuscript if they also read and comment on the final draft. No compensation or other 

incentives are offered for the participation.

2.3.2.2. Delphi rounds and workshop with guided discussion.: A Delphi round is 

defined as the process where the expert panellists complete a questionnaire. Before each 

round, expert panellists will receive a document with information about the project, the 

Delphi survey, and how the Delphi questionnaire information will be handled and used.

The PG develops the questionnaire based on the alpha version of INVITES-IN prepared 

in Study 1. The questionnaire will be prepared as an Excel form, and it will be sent to 

the expert panellists by email. The expert panellists rate the importance of different bias 

domains and items for the internal validity of in vitro studies. A 5-point Likert scale, with 

the categories strongly disagree (1), moderately disagree (2), neutral (3), moderately agree 

(4) and strongly agree (5) is used as response options (Verhagen et al. 1998).

The expert panellists will have two weeks to complete the questionnaire in each Delphi 

round, and they will receive up to three email reminders to complete each round. Panellists 

not responding within the deadline in one of the two Delphi rounds will be excluded from 

that round. Removed participants will not be replaced. Participants excluded from the first 

round will also be excluded from the second round.

Delphi round 1: The questionnaire is completed by the expert panellists, and they will also 

be able to suggest additional bias domains and items and alternative wording.

• The results are analysed, and expert panellists receive feedback on average rating 

and distribution of ratings of importance of bias domain and items.

• The questionnaire is revised. Bias domains and items that met criteria for 

identification of agreement for inclusion or exclusion from INVITES-IN are 

removed. New questions may be included, and existing questions may be 

revised.

Delphi round 2: The revised questionnaire is completed by the expert panellists.

• Results are analysed, and expert panellists receive feedback on average rating 

and distribution of ratings of importance of bias domain and items.

• Bias domains and items that did not reach agreement for either inclusion 

or exclusion in round 2are included in the guided discussion workshop. An 

overview of all bias domains and items that did not reach agreement for either 

inclusion or exclusion will be prepared and sent to the expert panellists who will 

be requested to include arguments for considering the items to be of higher or 
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lower importance. PG will prepare an overview of all arguments, which will be 

sent to workshop participants.

Workshop: A workshop will be arranged to have a guided discussion on items where no 

agreement on importance for in vitro studies has been identified. The starting point for the 

discussion of each of these items will be the overview of arguments created between the 

Delphi round 2 and the workshop. During the discussion, we will ask the participants to 

give reasonings for agreeing or disagreeing with the arguments. New arguments that emerge 

from the guided discussion will be included in the overview. A PG member will lead and 

moderate the guided discussion. The workshop will be recorded and transcripts from the 

workshop will form the basis for the revision of the list of arguments.

2.3.2.3. Data analysis and reporting.: One PG member will send out the questionnaires, 

receive the completed questionnaires from the expert panellists and anonymise the answers. 

This person will not be involved in the data analysis.

Expert panellist characteristics such as gender distribution and geographic localisation will 

be reported. The response rate (percentage) for expert panellist completing the Delphi 

survey will be calculated and reported. The average group response, changes in rating 

between rounds, as well as modifications of the questionnaire, will be reported. The expert 

panellists rating of the questions will be analysed independently for round 1, round 2, and 

the guided discussion, and median, mean, standard deviation and the interquartile range will 

be reported.

Criteria for identification of agreement in rounds 1 and 2:

• Agreement for inclusion of bias domains and items is identified when 70% of 

the expert panellists rate the relevance and wording of a question as the category 

‘moderately agree’ or ‘strongly agree’ (1 and 2 on the 5-point Likert scale).

• Agreement for exclusion of bias domains and items is identified when 70% of 

the expert panellists rate the relevance of a question as the category ‘moderately 

disagree’ or ‘strongly disagree’ (1 and 2 on the 5-point Likert scale).

Decisions on identification of agreement will be made by the PG members involved in this 

study.

The transcripts from the workshop will be anonymised and made available as supplementary 

materials.

2.3.3. Results and outcome—Study 2 will result in a list of bias domains and items (i) 

for which there were agreement that the domain or item is of importance when evaluating 

risk of bias of in vitro studies, (ii) for which there was agreement that the domain or 

item is not of importance when evaluating risk of bias of in vitro studies and (iii) where 

agreement was not reached for either inclusion or exclusion in the two rounds of Delphi 

or in the guided discussion. For the items where agreement was not reached, arguments for 

considering a given item as higher or lower importance will be included.
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2.4. Study 3: Creating the beta version of INVITES-IN

2.4.1. Introduction and objective—The objective is to create the beta version of 

INVITES-IN, which will be advanced to user testing. This will consist of two elements: 

the tool itself, consisting of a set of signalling questions and a process for deriving a risk 

of bias assessment, and a guidance document explaining how to use the tool. The guidance 

document will also include relevant examples of ratings of cell culture studies. This will be 

given as short texts illustrating possible reporting in a publication together with explanations 

and reasonings for how this is intended to be rated when applying INVITES-IN.

The knowledge goal is to have a complete set of signalling questions addressing bias 

domains and items of importance for introduction of bias to in vitro studies and the criteria 

for the rating of the questions.

2.4.2. Method—An overview of the workflow and the responsibilities in Study 3 is 

shown in Table 7.

2.4.2.1. Draft version of INVITES-IN.: The draft version of INVITES-IN will be 

prepared by the PG. The outcome of Study 2 will be used to formulate the signalling 

questions. The guidance document will contain explanations of how each signalling question 

should be rated.

2.4.2.2. Workshop participants.: Members of the focus group participating in Study 1 

will be invited to participate in an online workshop, except for those who also participated in 

the Delphi process which will be excluded. No compensation is offered for participation, and 

participants will not be offered co-authorship.

2.4.2.3. Workshops.: One or more online workshops will be arranged to collect feedback 

on both the presentation and the information in the guidance document. Regarding the 

feedback on information in the guidance document, the focus will be on the suggested 

criteria for the rating of the signalling questions and whether we have succeeded in 

formulating these so that it is the factors that are considered to be of greatest importance for 

the introduction of bias that are given the most weight.

We also attempt to collect feedback from the participants regarding the presentation of the 

signalling questions from the workshops, whether they should be structured according to the 

relevant bias domains or be based on study characteristics and structured around whether 

the bias is introduced before, during or after the exposure of the experimental system to the 

test item (i.e., prior, during and after the administration of the chemical substance in the 

experiment).

When possible, the number of participants in a workshop will be six to eight. However, 

workshops with fewer participants will be considered in order to facilitate participant 

recruitment. The workshops will be recorded.

2.4.2.4. Data analysis and reporting.: Transcripts of the feedback on the guidance 

document received in the workshops will be prepared and made available as supplementary 
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materials. Based on the feedback from participants in the workshops, PG will make the final 

decision on the need for revision.

2.4.3. Results and outcome—The beta version of the tool is ready for user testing.

3. Discussion

This protocol describes the methodological approach for the development of the INVITES-

IN tool. In this protocol, we have proposed an approach similar to that of ROB2 (Sterne et 

al. 2019) and ROBINS (Sterne et al. 2016). The approach chosen fulfils the framework for 

developing quality assessment tools (Whiting et al. 2017), which is to our knowledge the 

only existing framework for how to develop quality appraisal tools. Although we cannot be 

certain that the chosen approach is the best approach, we feel confident that the methods 

chosen are rigorous and have been agreed upon of more than 20 experienced experts/

scientists. Also we have focused on transparency, and their detailed method descriptions and 

collected data (transcripts and more) will be made publicly available. Our methodological 

approach comprises four separate studies and involves both focus groups, two-round Delphi 

survey and user-testing at different stages. A separate protocol will be prepared for the user 

testing (Study 4). Involving groups of experts in every study reduces the level of expert 

judgements made by the PG and also ensures that the tool development is based on a 

wide range of feedback from experts that are the intended users of the tool. It might be 

that including more participants in the three studies described in this protocol would give 

additional interpretations of the relevance and importance of bias domains and items for in 
vitro studies. It may be a challenge to recruit enough experts to ensure sufficiently powering 

of the studies. To facilitate the recruitment process, the workload for the participants is 

limited to the absolute minimum. Also, participants in the Delphi-survey, which is likely to 

have the largest workload for the participants, will be offered authorship on the Delphi study 

manuscript.

The described approach will not include the assessment of magnitude or direction of the 

bias. We believe that these issues need to be addressed by empirical research in addition to 

expert knowledge elicitation. We acknowledge the importance of assessing magnitude and 

the direction of bias; however, the amount of work and time it will take to properly address 

this will not be possible at this stage of the tool development.

Given that assessment of in vitro studies is likely to become a fast-moving field, we 

acknowledge that there may be a need for the tool to be updated to reflect rapid changes 

in consensus on how to do this, and/or it may be a fast movement towards modifying 

INVITES-IN for other specific NAM study designs. A plan for the update or modification of 

INVITES-IN is not included in this protocol, as it is restricted to describe the process for the 

creation of this tool.
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Abbreviations:

NAM new approach methodologies

PG project group

SAG scientific advisory group
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Figure 1. 
An overview of the four studies that will be performed to create the release version of 

INVITES-IN.
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Figure 2. 
An overview of the 2023–2024 timeline for the creation of the beta version of INVITES-IN.
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Figure 3. 
Participants’ tasks and workload in Studies 1–3, and the outcome of their contribution.
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Table 5.

The Code Book.

Level 1 Level 2

Selection Before exposure

During exposure

After exposure

Higher relevance

Lower relevance

Confounding Before exposure

During exposure

After exposure

Higher relevance

Lower relevance

Performance Before exposure

During exposure

After exposure

Higher relevance

Lower relevance

Attrition Before exposure

During exposure

After exposure

Higher relevance

Lower relevance

Detection Before exposure

During exposure

After exposure

Higher relevance

Lower relevance

Analysis Before exposure

During exposure

After exposure

Higher relevance

Lower relevance

Reporting Before exposure

During exposure

After exposure

Higher relevance

Lower relevance

Early termination Before exposure

During exposure

After exposure

Higher relevance

Evid Based Toxicol. Author manuscript; available in PMC 2024 January 23.



E
PA

 A
uthor M

anuscript
E

PA
 A

uthor M
anuscript

E
PA

 A
uthor M

anuscript

Svendsen et al. Page 27

Level 1 Level 2

Lower relevance

[ad hoc codes] Before exposure

During exposure

After exposure

Higher relevance

Lower relevance
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