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Abstract 51 

This protocol describes the design and development of a tool for evaluation of the internal 52 

validity of in vitro studies, which is needed to include the data as evidence in systematic 53 

reviews and chemical risk assessments. The tool will be designed specifically to be applied 54 

to cell culture studies, including, but not restricted to studies meeting the new approach 55 

methodology (NAM) definition. The tool is called INVITES-IN (IN VITro Experimental Studies 56 

INternal validity). Methods to generate evidence for regulatory toxicology are increasingly 57 

shifting from classical animal experiments to new approach methodologies (NAMs), with a 58 

corresponding need for methods to incorporate them in systematic reviews and other 59 

evidence synthesis processes. While many tools have been created for assessing in vitro 60 
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studies, no single tool is obviously authoritative specifically for assessing the internal validity 61 

of in vitro study designs. We therefore aim to address this situation by developing a new tool, 62 

INVITES-IN, for evaluating the internal validity of in vitro studies, using methods that ensure 63 

we are building on prior work, with a degree of rigour consistent with our intent to provide an 64 

authoritative assessment tool.   65 

In this protocol, The current protocol describes three of the four studies that will be 66 

performed to create the release version of INVITES-IN are described. In the first study, 67 

evaluation of existing assessment tools will be combined with focus group discussions to 68 

identify how characteristics of the design or conduct of an in vitro study can affect its internal 69 

validity. Bias domains and items considered to be of relevance for in vitro studies will be 70 

identified. In the second study, group agreement on internal validity domains and items of 71 

importance for in vitro studies will be identified via a modified Delphi methodology. In the 72 

third study, the draft version of the toolINVITES-IN will be created, based on the data on 73 

relevance and importance of bias domains and items collected in studies one and two. A 74 

separate protocol will be prepared for the fourth study, which includes the user testing and, 75 

validation of the tool, and collection of users’ experience.   76 

Key words 77 

Cell culture, NAMs, Next Generation Risk Assessment, risk of bias. 78 

1. Introduction 79 

1.1 Evaluation of internal validity  80 

This protocol describes the design and development of a tool for evaluation of the internal 81 

validity of in vitro studies. The tool is called INVITES-IN (IN VITro Experimental Studies 82 

INternal validity). Internal validity is the extent to which a study (methodological design, 83 

methods, and data analysis) is free from bias, where bias is “systematic error, or deviation 84 

from the truth, in results” (Cochrane Collaboration, 2005). A test performed in vitro (“in the 85 

glass”) means that it is done outside of a living organism and it usually involves isolated 86 

tissues, organs or cells (ECHA, 2023). The tool is called INVITES-IN (IN VITro Experimental 87 

Studies INternal validity).   88 

Methods to generate evidence for regulatory toxicology are shifting from classical animal 89 

experiments to new approach methodologies (NAMs). The European Chemicals Agency and 90 

the U.S. Environmental Protection Agency define NAMs as any technology, methodology, 91 

approach, or combination that can provide information on chemical hazard and risk 92 

assessment without the use of animals, including in silico, in chemico, in vitro, and ex vivo 93 

approaches (ECHA, 2016; EPA, 2018). According to the European Food Safety Authority 94 
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(EFSA) the term NAMs is used to make reference to any non-animal-based approach that 95 

can be used to provide toxicological information in the context of hazard/risk assessments 96 

(EFSA et al., 2022). Although no standard definition of NAMs is currently agreed upon, there 97 

seems to be a general agreement that the term “NAMs” includes in chemico, in silico and in 98 

vitro studies. 99 

 100 

As part of the gradual incorporation and transition toward the use of NAMs, including in vitro 101 

studies, a framework for evidence-based use of NAMs in toxicological research and 102 

chemical risk assessment is required. Such a framework should ultimately incorporate at 103 

least the following principles: 104 

1. Result in identification of all relevant NAM-generated evidence relating to the 105 

research question addressed in a systematic review or risk assessment.  106 

2. Provide for the evaluation of the internal validity of NAM studies (propensity for 107 

systematic error due to how the study is designed and conducted).  108 

3. Provide for the evaluation of the external validity of NAM studies (the degree to which 109 

results of a study can be translated/generalised to human adverse health effects).  110 

4. Contribute to objectivity, robustness, transparency, and reproducibility in the hazard 111 

identification and characterisation process.  112 

5. In its approach to normalising and structuring the description and analysis of NAMs, 113 

contribute to progress in the extent to which research data conforms to FAIR 114 

(Findable, Accessible, Interoperable and Re-usable) principles of open science.  115 

Systematic review and evidence-based toxicology principles should be implemented in all 116 

parts of the framework, and it should be generic and usable across different regulatory 117 

sectors such as food safety, cosmetic ingredient safety, etc. Principles for incorporating 118 

evidence from NAMs into risk assessments and a framework for the evaluation of skin 119 

sensitisation have been developed for cosmetic ingredients (Dent et al., 2018; Gilmour et al., 120 

2020). Methods for incorporation of mechanistic studies as supporting evidence in hazard 121 

and/or risk assessment is included in the U.S. NTP OHAT handbook for systematic reviews, 122 

the ORD staff handbook for developing IRIS assessments, and the draft TSCA interpretation 123 

of systematic review methods to support chemical risk evaluations (EPA, 2022; EPA, 2023; 124 

NTP OHAT, 2019). However, there is currently no complete framework for evidence-based 125 

chemical risk assessment that integrates NAMs to facilitate the transition from use of 126 

animals to the use of NAMs in chemical risk assessments. 127 
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“Next generation risk assessment in practice” is a project in the European Partnership for the 128 

Assessment of Risks from Chemicals (PARC). PARC aims to develop next generation 129 

chemical risk assessment to advance research, share knowledge and improve skills, 130 

protecting human health and the environment. The present project is included in the task 131 

focusing on facilitating regulatory acceptance and use of NAMs. PARC is a seven-year 132 

partnership under Horizon Europe, including close to 200 institutions from 28 countries 133 

working in the areas of the environment or public health, and three EU authorities (PARC, 134 

2023). With the “Next generation risk assessment in practice” project, we aim to contribute to 135 

the development of such a framework for evidence-based use of data generated by NAMs in 136 

vitro studies in human health hazard identification and characterisation by creating tools and 137 

guidance’s. A webpage giving an overview of the planned work in the “Next generation risk 138 

assessment in practice” project has been created (VKM, 2023). The first step in our PARC 139 

project is to develop a tool for evaluation of internal validity for in vitro studies. The next 140 

steps, all focusing on in vitro studies, will be development of a tool for evaluation of external 141 

validity, creation of a guidance for evaluation of certainty in the evidence, and creation of 142 

guidance’s for the identification of point of departure and the uncertainty in the point of 143 

departure. We chose to start focusing on creation of tools for validity assessment, as validity 144 

assessment is one of the critical steps in the systematic review process. Further, we chose 145 

to start focusing on in vitro models as there is a general agreement that these are important 146 

as replacement for animal studies to provide information for hazard/risk assessment (ECHA, 147 

2016; EFSA et al., 2022; EPA, 2018) in a wider integrating approach. It has been suggested 148 

that in vitro models could be more suitable than animal models for the prediction of toxicity. 149 

For example, in vitro data did predict liver toxicity caused by the drug troglitazone whereas 150 

neither published animal nor human studies were able to accurately predict the hazard 151 

(Dirven et al., 2021).  152 

Several in vitro study designs exist; however, we have chosen only to focus on cell culture 153 

studies (meaning studies using cells derived from multicellular organisms). This delimitation 154 

is mainly due to feasibility, especially concerning the user testing, where the number of user 155 

testing participants will have to be very large to be able to test that the tool works on all types 156 

of in vitro study designs.  157 

The implementation of this tool might be of help to improve the inclusion of NAMs in the 158 

chemical risk assessment process and facilitate regulatory uptake, with a focus on risk 159 

assessors’ daily practice and workflow. 160 

 The first step is the development of a tool for evaluation of internal validity of in vitro studies. 161 

While many tools have been created for assessing in vitro studies, no single tool isthere is a  162 

https://vkm.no/english/parc/parceuropeanpartnershipfortheassessmentofrisksfromchemicals.4.7205492a1864a8c8da2dcfd9.html
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priori lack of consensus on developing a tool with the application of rigorous methods. 163 

obviously authoritative specifically for assessing the internal validity of in vitro study designs. 164 

We therefore aim to address this situation by developing a new tool for evaluating the 165 

internal validity of in vitro studies, using methods that ensure we are building on prior work, 166 

with a degree of rigour consistent with our intent to provide an authoritative assessment 167 

tool. Internal validity is the extent to which a study is free from bias, where bias is 168 

“systematic error, or deviation from the truth, in results” (Cochrane Collaboration, 2005). A 169 

test performed in vitro (“in the glass”) means that it is done outside of a living organism and it 170 

usually involves isolated tissues, organs or cells (ECHA, 2023). We also intend to use the 171 

findings of INVITES-IN to prepare a guidance on the design and conduct of in vitro studies 172 

that will help researchers minimise and/or transparently identify potential biases in their 173 

studies. 174 

1.21 Objective 175 

The aim of this project is to create INVITES-IN, a tool for evaluating the internal validity of in 176 

vitro studies.  While tThe INVITES-IN tool will be designed specifically to be applied to cell 177 

culture models (e.g. cell lines, primary cell models, co-cultures, monolayer and 3-D cell 178 

models systems) treated with a  single-chemical substance exposure, measuring any 179 

outcomes, we intend that the tool be applicable (potentially with modification) to other in vitro 180 

study designs or other NAMs such as organ-on-a-chip, in ovo, fish embryos, ex vivo, in 181 

chemico, etc., and chemical mixture studies. We anticipate that the tool will be applicable 182 

(potentially with modification) to other in vitro study designs or other NAMs such as organ-183 

on-a-chip, in ovo, fish embryos, ex vivo, in chemico, etc., and chemical mixture studies, but 184 

this will not be addressed in this study. 185 

To contribute to its usability, INVITES-IN will be accompanied by instructions to guide the 186 

user through the evaluation of internal validity of in vitro studies step-by-step.  187 

While there is good empirical evidence from several domains that certain features of how a 188 

study is designed, conducted, and analysed can introduce bias, it is usually not possible to 189 

determine how much bias a given feature has introduced on any specific occasion (Savović 190 

et al., 2012). INVITES-IN therefore follows conventional guidance (Boutron et al., 2022; 191 

Frampton et al., 2022) in being designed to differentiate studies with relatively higher risk of 192 

bias from studies with relatively lower risk of bias. 193 

1.32 Project governance 194 

The development of INVITES-IN is part of the PARC project “Next generation risk 195 

assessment in practice” [Project 101057014 – PARC]. A project group (PG) has been 196 

established with the responsibility for developing and implementing the tool for evaluation of 197 

https://www.anses.fr/en/content/european-partnership-assessment-risks-chemicals-parc
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internal validity of in vitro studies. The project is led by the Norwegian Institute of Public 198 

Health represented by the Norwegian Scientific Committee for Food and Environment 199 

(Norway). The project partners are Benaki Phytopathological Institute (Greece), Istituto 200 

Superiore di Sanità (Italy) and the University of Basel (Switzerland).  201 

A scientific advisory group (SAG) consisting of experts in systematic review principles, 202 

chemical risk assessment, toxicology, NAMs, and/or methods for tool development, several 203 

of whom have been directly involved in developing approaches to assessing the validity of in 204 

vitro studies, has been established. The SAG gives strategic guidance and support to the 205 

PG and share information about ongoing projects addressing similar questions to ensure 206 

that the outcome of this project complements and builds on the work of others and thereby 207 

creates synergies and avoids duplication of efforts.   208 

2 Materials and methods 209 

2.1 Study design 210 

2.1.1 An overview of the creation of INVITES-IN 211 

The method for creating INVITES-IN will follow the general framework for developing quality 212 

assessment tools suggested by Whiting et al. (2017). This is a broad framework of general 213 

principles rather than a tightly-prescribed standard but gives the general structure of our 214 

approach. Four studies will be performed to create INVITES-IN (Figure 1). This protocol 215 

describes Studies 1, 2 and 3, and the timeline is shown in Figure 2. A separate protocol will 216 

be prepared for Study 4.  217 

The tool will consist of signalling questions and criteria for reaching risk-of-bias judgments 218 

for each signalling question. Criteria are the issues that have to be fulfilled to avoid bias. 219 

Signalling questions are questions that the users of the tool answer in order to determine 220 

whether the criteria have been fulfilled. The technical solution for the tool has not yet been 221 

decided; however, we intend to make an online tool. 222 
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 223 

Figure 1. An overview of the four studies that will be performed to create the release version 224 

of INVITES- IN.  225 

 226 

 227 

 228 

Figure 2. An overview of the 2023/24 timeline for the creation of the beta version of 229 

INVITES-IN. 230 

All studies include participation of experts. We aim to achieve diversity among the 231 

participants by including scientists from different fields, professional backgrounds, 232 

geographical locations, gender, and having experience with different cell culture models. The 233 

•Plan
Feb - May 
2023

•Complete
June -
Aug 2023

Study 1

•Plan
June -
Aug 2023

•Complete 
Sept - Nov 
2023

Study 2

•Plan
Sept - Nov 
2023

•Complete 
Des 2023 -
Feb 2024

Study 3
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target group for the use of the tool (i.e., end-users) includes in vitro scientists and risk 234 

assessors conducting literature reviews in hazard assessments/safety evaluations, which 235 

could be part of a chemical risk/safety assessment, a systematic review or both, for 236 

regulatory or research purposes.   237 

To get the input we need to develop the tool, we aim to recruit participants experienced with 238 

in vitro research that are representative for the end-users. For the studies 1 and 3, we aim to 239 

recruit some participants also having experience with systematic reviews, some also having 240 

experience with chemical risk assessment, and some having no experience with systematic 241 

reviews or chemical risk assessments. For study 2, we consider it critical that all participants 242 

have systematic review experience, as this is the study where the importance of different 243 

internal validity items will be ranked. Previous experience with evaluation of internal validity 244 

is considered important to be able to rank importance of different internal validity items. All 245 

groups of end-expected users are covered by the networks of the PG and the SAG. Potential 246 

participants will therefore be identified through nomination by PG and SAG members, who 247 

will be requested to nominate three potential participants. For each nominated participant, an 248 

overview of their scientific expertise and experience, affiliation, geographical location, and 249 

gender will be prepared. From the pool of nominated participants, PG will select participants 250 

that will be invited. In the selection process, PG will ensure diversity among the participants 251 

by including scientists from different fields having different professional backgrounds and 252 

experience with different cell culture models, covering a variety of geographical locations, 253 

and having an even gender distribution. In each focus group, all participants should be 254 

affiliated with different institutions, located in at least four different countries. This way we will 255 

avoid having an overrepresentation of focus group participants from a few institutions or from 256 

a too limited number of countries. We consider that this described process will make it 257 

possible to carry out the recruitment without it being an overly time-consuming process, and 258 

at the same time secure sufficient diversity in the group of participants. 259 

The tasks and workload for the participants, the outcome of their contribution, and the 260 

participant eligibility criteria, are shown in Figure 3 and Table 1. Note that it is not expected 261 

that the same persons participate in all studies. It is planned that the persons participating in 262 

Study 1 will be also invited to participate in Study 3.  263 

For all three studies, the potential participants will receive information about the project when 264 

they are contacted by email, and participants that accept the invitation will be requested to 265 

complete a declaration of interest form. The PG will evaluate the declaration of interest 266 

forms, focusing mainly on identification of potential conflicts of interest that may interfere with 267 

the participants contribution and role in the focus group discussion.  268 
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Previous studies report average or median time for the assessment of RoB of a study to 269 

range from 20 to 40 minutes (Eick et al., 2020; Momen et al., 2022). We intend to keep the 270 

time needed for assessment of one cell culture study within this range. 271 

All data analyses will be done by the PG members. All raw data from each study will be 272 

anonymised and made available as supplementary to the respective publications. 273 

 274 

 275 

Figure 3. Participants’ tasks and workload in Study 1 to 3, and the outcome of their 276 

contribution. 277 

 278 

Table 1. An overview of the criteria for participation in Study 1 to 3.   279 

18-24 participants (12 is the minimum).

Study 1

Focus group 
discussions

•All participate in two online focus group discussions (~90 min for each discussion).

•Three focus groups in total (two is the minimum; six to eight participants per group). 

•A PG member leads the discussion. 

Outcome

• Items and criteria relevant for in vitro studies are identified.

• Items of no/low relevance for in vitro studies are eliminated.

20-30 participants (15 is the minimum).

Study 2

Delphi survey

•All complete two online surveys (~4 h).

•At least 10 participate in the online guided discussion (~60 min).

•A PG member leads the guided discussion.

Outcome

•Items and criteria important for introduction of bias to in vitro studies are identified.

•Items considered to be of low/no importance are eliminated.

5-24 participants.

Study 3

Workshops 

•The participants from study 1 will be invited. 

•All participate in one online workshop (~60 min).

•A PG member leads the workshop.

Outcome

•Strengths and weaknesses of the guidance document are identified.

•Feedback and suggestions for revisions are received.
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Selection of participants Study 1 Study 2 Study 3 

Scientific 

experience 

and expertise 

In vitro models x  x 

In vitro models AND chemical risk 

assessment 
x  x 

In vitro models AND systematic review 

methods 
x x x 

In vitro models AND experienced with the 

development of relevant guidance 

documents for chemical risk assessors 

x  x 

Balancing 

factors 

Academia  x x x 

Governmental institutions (including risk 

assessment institutions and research 

institutes) 

x x x 

Private sector research institutions x x x 

Gender distribution x x x 

Demographic distribution x x x 

Regional distribution x x x 

Academic 

level 
Post-doctoral level or higher x x x 

Language English, level B1 or higher x x x 

 280 

2.1.21 Ethical review 281 

Ethical approval has been given by the Norwegian Institute of Public Health.  282 

2.2 Study 1: Creating the alpha version of the tool 283 

2.2.1 Introduction and objective 284 

The objective of Study 1 is to create a straw-man or alpha version of INVITES-IN that can be 285 

further developed via a modified Delphi process (see section 2.3.2 for description). In Study 286 

1, a list of characteristics of the design, conduct, and analysis of an in vitro study that can 287 

introduce bias into its results or findings will be compiled, organised thematically, and then 288 

interpreted into a draft set of structured signalling questions that constitute the alpha version 289 

of INVITES-IN. 290 

The knowledge goal is to have the expert interpretations of the relevance of bias domains 291 

and items for in vitro studies. 292 
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A pilot focus group discussion was arranged to get an impression of the time needed for the 293 

focus group discussions, to test the technical functions, and to get feedback on factors 294 

related to the presentation of questions and the use of examples that may be of importance 295 

to conduct successful focus group discussions.  296 

2.2.2 Method 297 

We will include three focus groups with six to eight participants in each group (Figure 3).  298 

An overview of the workflow and the responsibilities in Study 1 are given Table 2. 299 

Table 2. An overview of Study 1.    300 

Phase Task Responsible 

Plan 

 

Prepare the list of bias domains and items. 
Project group 

Create questions for the focus group discussions. 

Define inclusion criteria for focus group participants. 
Project group and 

scientific advisory group 
Nominate and recruit focus group participants 

fulfilling the inclusion criteria. 

Actions 
Carry out the focus group discussions. 

Project group 
Analyse results and prepare the final report. 

Result 

Bias domains and items of relevance for in vitro 

studies are identified and included in the alpha 

version of the tool. 

Project group 

 301 

2.2.2.1 Identifying relevant bias domains and items 302 

A list of bias domains and items of potential relevance for in vitro studies will be prepared 303 

using several literature sources. This list will serve as a starting point for the creation of 304 

INVITES-IN and provide the basis for the focus group discussions. The literature sources are 305 

as follows: two systematic reviews on validity tools for in vitro models (Tran et al., 2021; 306 

Whaley et al., in preparation)(Whaley et al., in preparation), a publication on study sensitivity 307 

that includes assessment items that may relate to internal validity but may not be included in 308 

other tools (Cooper et al., 2016), and tools for evaluation of risk of bias (EPA, 2022; NTP 309 

OHAT, 2015; NTP OHAT, 2019; Roth et al., 2021; Sterne et al., 2019).  310 

2.2.2.2 Focus group participants 311 

Eligible focus group participants will be scientists with or without systematic review 312 

experience that are active in the field of in vitro research in academia, governmental 313 

institutions (including risk assessment institutions and research institutes) or private research 314 

institutes, at post-doctoral level or higher, and level B1 English speakers (see Table 1). PG 315 
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and SAG will nominate participants. We aim to have an equal gender distribution, a 316 

reasonable demographic and regional distribution, and a group size of six to eight 317 

participants as this group size is recommended to generate diverse ideas but not so many 318 

participants that they do not have a chance to share perspectives (Krueger et al., 2001). The 319 

minimum number of participants in a focus group is considered to be four. All participants in 320 

a focus group will be affiliated with different institutions in an attempt to achieve variation in 321 

input and perspective, and they should be working with a variety of in vitro models to cover a 322 

wide range of experimental systems. No compensation is offered for the participation, and 323 

participants will not be offered co-authorship. 324 

Potential focus group participants will be contacted via email. They will receive a document 325 

with information about the project, the purpose of the focus groups and the focus group 326 

discussions, that the use of information learned in the meeting will not allow for identification 327 

of the focus group participants, the withdrawal procedure, the financial source, and the 328 

approximate time for the focus group meeting. Focus group participants must actively 329 

confirm their consent by email. 330 

We aim to have three different focus groups (Krueger et al., 2001), however, two groups are 331 

considered to be the minimum. All groups will be presented with the same information and 332 

questions, although the direction in which discussion is steered may depend on how 333 

comprehensively previous focus groups were able to cover each issue. The need for 334 

including an additional group will be discussed if new insights are presented during the 335 

meetings, or if areas needing discussion were not addressed.  336 

2.2.2.3 Focus group discussion 337 

We plan to have two group discussions per focus group. The second meeting will be 338 

cancelled if considered not to be needed. The discussions will be carried out as online 339 

meetings and will be recorded. A PG member will act as a focus group moderator and lead 340 

the discussions in the meeting, and another PG member will handle the logistics (the 341 

assistant moderator). 342 

The complete list of identified bias domains and items will be the starting point for the focus 343 

group discussions. The discussions will be facilitated with a view to addressing twothree 344 

questions (numbering is for referencing purposes and the questions will not necessarily be 345 

presented in this order): 346 

1. Are there any gaps in the identified domains or items that could influence systematic 347 

error in an in vitro study? 348 

2. What characteristics of the design, conduct, or analysis of an in vitro study could 349 

introduce systematic error into its results or findings? 350 
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3. Should INVITES-IN ask users to judge risk of bias directly under a set of organising 351 

domains, or ask users about the presence or absence of study characteristics from 352 

which a bias judgement can be extrapolated?  353 

Question (1) will be addressed both by asking directly and inferred from analysis of the 354 

discussion (see section 2.2.2.4 below). Question (2) will be directly asked.  355 

Question (3) is being asked because the traditional approach to risk of bias assessment has 356 

been to structure signalling questions according to the relevant bias domains (Higgins et al., 357 

2011; NTP OHAT, 2019), whereas the signalling questions in some more recent tools are 358 

based on study characteristics and structured around whether the bias is introduced before, 359 

during or after the exposure of the experimental system to the test item (i.e. prior, during and 360 

after the administration of the chemical substance in the experiment), from which a risk of 361 

bias judgement is extrapolated (Sterne et al., 2019). 362 

Discussion relating to questions (1) and (2) will be structured in terms of the bias domains 363 

defined in the Scientific Evidence Code System (SEVCO) (Table 3) (Alper et al., 2021b). The 364 

SEVCO domains are chosen because they are consistent with the bias domains of Whaley 365 

et al. (in prep) and the OHAT tool (NTP OHAT, 2019) but represent a more recent 366 

normalised list of bias categories derived from a robust grounding and consensus process 367 

(Alper et al., 2021a). These definitions are developed for human studies, and the relevance 368 

for in vitro studies will be discussed in the focus groups. We acknowledge that not all bias 369 

domains presented in Table 3 may be of relevance for in vitro studies. However, we will 370 

include all bias domains with approved SEVCO definitions in the focus group discussions in 371 

order to collect expert feedback on the relevance for in vitro studies. SEVCO draft bias 372 

domains that have not been approved are not listed. Participants may suggest additional 373 

bias domains.  374 

Table 32. Bias domains with approved definitions in the Scientific Evidence Code System 375 

(FEvIR Platform Version 0.80.0, 06.12.2022). 376 

Bias Domain Definition 
SEVCO code 

reference 

Selection Bias 

A bias resulting from methods used to select 

subjects or data, factors that influence initial study 

participation, or differences between the study 

sample and the population of interest 

SEVCO:00002 

Confounding 

Covariate Bias 

A situation in which the effect or association 

between an exposure or outcome is distorted by 
SEVCO:00016 

https://fevir.net/resources/CodeSystem/27270#SEVCO:00001
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another variable. For confounding covariate bias 

to occur the distorting variable must be (1) 

associated with the exposure and the outcome, 

(2) not in the causal pathway between exposure 

and outcome, and (3) unequally distributed 

between the groups being compared. 

Performance Bias 
A bias resulting from differences between the 

received exposure and the intended exposure 
SEVCO:00017 

Attrition Bias 
A bias due to absence of expected participation or 

data collection after selection for study inclusion. 
SEVCO:00019 

Detection Bias 

A bias due to distortions in any process involved 

in the determination of the recorded values for a 

variable. 

SEVCO:00020 

Analysis Bias 
A bias related to the analytic process applied to 

the data. 
SEVCO:00021 

Reporting Bias 

A bias due to distortions in the selection of or 

representation of information in study results or 

research findings. 

SEVCO:00023 

Early Study 

Termination Bias 

A bias due to the decision to end the study earlier 

than planned. 
SEVCO:00370 

  377 

Focus group participants will be shown and have read to them the definitions for each bias 378 

domain. Participants will then be led in discussion of how the domain might be active in the 379 

in vitro context, with examples from their practical research experience of how systematic 380 

error can be introduced into an in vitro study. For each bias domain, one example for animal 381 

studies and one example for in vitro studies will be prepared and these will be presented 382 

when there is a need for further clarification to start the discussion. Each focus group 383 

meeting will last about 90 minutes, with approximately 10 minutes given to each domain. 384 

Participants will be given an option to send additional thoughts and considerations on the 385 

relevance of the discussed bias domains and items for in vitro studies to the PG by email 386 

within a week after the focus group discussion. 387 

2.2.2.4 Data analysis and reporting 388 

Focus group transcripts will be analysed for potential risk of bias criteria and items that could 389 

be added to the alpha version of INVITES-IN. For time efficiency, transcripts of the focus 390 

group discussions will be machine-generated. Errors in transcription will only be corrected 391 
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when they affect coding and interpretation of the discussion and will be done by the focus 392 

group moderator and the assistant moderator. Anonymised transcripts will be shared as raw 393 

data and be included as supplementary materials. The original recordings, as they contain 394 

personally identifiable information, will not be made available. 395 

The focus group transcripts will be annotated (coded) in order to provide qualitative data on 396 

the following: preferences of the participants for traditional versus more recent approaches 397 

to structure risk of bias assessment (“preferred approach”), including reasons for and 398 

against; the participants’ ideas about how researchers’ approaches to designing, conducting, 399 

analysing and reporting studies (“issues”) can potentially introduce systematic error, 400 

including their potential importance; the participants ideas about when (“time-point”) 401 

systematic error is introduced; the participants ideas about the relevance (“relevance”) for in 402 

vitro studies.  403 

Data on preferred approach, issues, time-points, and relevance will be annotated by two 404 

investigators with a high level of expertise in bias assessment working independently then 405 

reconciling their coding decisions in discussion with a third investigator with experience in 406 

coding and reconciliation. The annotation environment will be EPPI-Reviewer (version 407 

4.13.0.2) (EPPI Centre, 2022; Thomas, 2022)Microsoft Word. The annotators will reach 408 

consensus for coding using the codebook through coding a part of one transcript together 409 

and discussing differences in interpretationwill be trained on a page of transcript, and where 410 

they will agree on the rules for annotation (e.g., sentence or word highlighting for codes) and 411 

document these as their coding strategy in a coding manual. 412 

Coding will be a mix of deductive (prespecified) and inductive (ad hoc) annotation. The 413 

definitions of the deductive codes are included in Table 4. Code Book below (Table 4) gives 414 

the definitions of deductive codes and , and we have also indicateds where we already 415 

anticipate that codes will be developed inductively, though further inductive codes will be 416 

developed as needed. The Code Book is shown in Table 5. A report of the results of the 417 

annotation exercise, as a set of excerpted text strings aggregated under code categories 418 

and labelled with specific codes, will be generated as data for supporting development of the 419 

alpha version of INVITES-IN.  420 

Table 4. The definition of the codes in the Code Book. 421 

Code 

Category 

Code Definition 

Issue - Selection  An issue relating to selection bias 

- Confounding  An issue relating to confounding covariates bias 
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- Performance  An issue relating to performance bias 

- Attrition  An issue relating to attrition bias 

- Detection  An issue relating to detection bias 

- Analysis  An issue relating to analysis bias 

- Reporting  An issue relating to reporting bias 

- Early Termination An issue relating to early termination bias 

- [ad hoc codes] Ad hoc codes will be created to classify limitations 

that do not fit into any of the prespecified bias 

categories (inductive coding) 

Time-point - Before exposure An issue that may affect potential for systematic 

error prior to the exposure (administration of the 

chemical substance) in the experiment 

- During exposure An issue that may affect potential for systematic 

error during the exposure (administration of the 

chemical substance) in the experiment 

- After exposure An issue that may affect potential for systematic 

error after the exposure (administration of the 

chemical substance) in the experiment 

Relevance  - Higher relevance Argument or observation that an issue that may 

affect potential for systematic error is of potentially 

higher relevance  

- Lower relevance Argument or observation that an issue that may 

affect potential for systematic error is of potentially 

lower relevance  

 422 

Table 5. The Code Book. 423 

Level 1 Level 2 

Selection 

- Before exposure 

- During exposure 

- After exposure 

- Higher relevance 

- Lower relevance 

- Confounding 
- Before exposure 

- During exposure 
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- 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 

- Lower relevance 

- [ad hoc codes] 
- Before exposure 

- During exposure 
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- After exposure 

- Higher relevance 

- Lower relevance 

 424 

2.2.3 Results and outcome 425 

The focus group participants will not make decisions but provide ideas and 426 

recommendations. Their feedback on approach preference, issues, time-points, and 427 

relevance for the in vitro context will be used by the PG to prepare the alpha version of 428 

INVITES-IN, which will contain all bias domains and items considered to be of relevance for 429 

in vitro studies with reasonings. The final decisions regarding the inclusion of bias domains 430 

and items in the alpha version of INVITES-IN will be made by the PG members involved in 431 

this study. An overview of bias domains and items that are not included in the alpha version 432 

will be included in the study report, and comprehensively documented in supporting data. 433 

The intent here is not to permanently exclude any items, but to generate a list of practical 434 

length for analysis by the modified Delphi process. Decisions about exclusion of domains or 435 

items at this stage affect only the alpha version of INVITES-IN and are not final: if the Delphi 436 

process reintroduces any excluded concepts, this will supersede the initial decision made by 437 

the PG. 438 

2.3 Study 2: Determining bias domains and items of importance for in vitro studies   439 

2.3.1 Introduction and objective 440 

The objective is to eliminate, add to, or refine the proposed bias domains and assessment 441 

items that are generated by Study 1. This provides the final data to be interpreted into the 442 

beta version of INVITES-IN in Study 3. 443 

The feature tested is the importance of the bias domains and items included in the alpha 444 

version of INVITES-IN for the internal validity of in vitro studies.  445 

The knowledge goal is to have the expert interpretations of the importance of bias domains 446 

and items for in vitro studies. 447 

2.3. 2 Method 448 

A modification of the Delphi technique (Dalkey and Helmer, 1963) will be used to obtain 449 

subjective opinions on the importance of bias domains and items for in vitro studies from 450 

experts experienced with both in vitro studies and systematic review principles. The Delphi 451 

technique gives the opportunity to collect subjective expert statements anonymously and 452 

gives the desired transparency, without e.g. social or personality-based factors resulting in 453 
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one expert’s feedback influencing the feedback another expert in the group. Therefore, this 454 

approach is considered to be an appropriate technique to identify expert agreement.  455 

A two-round digital Delphi survey will be conducted, followed by an online workshop for 456 

guided discussions. In both rounds, expert panellists will complete a questionnaire. From 457 

each Delphi round, the outcome will be subjective expert feedback on importance of bias 458 

domains and items, and we will use these data to identify expert agreement on bias domains 459 

and items important for internal validity of in vitro studies. Bias domains and items for which 460 

agreement were not reached during the two Delphi rounds will be discussed in the 461 

workshop. In addition, the participants will be asked to give input on the wording of the 462 

questions in each Delphi round and during the guided discussion. 463 

An overview of the workflow and the responsibilities in Study 2 is given Table 65.  464 

Table 65. An overview of Study 2. 465 

Phase Task Responsible 

Plan 

Define inclusion criteria for Delphi participants (expert 

panellists). 
Project group 

Nominate and recruit expert panellists fulfilling the 

inclusion criteria. Project group and 

scientific advisory 

group 

Create the questionnaire addressing the bias domains 

and items relevant for in vitro studies identified in Study 

1. 

Actions 

Delphi round 1 

Expert panellists complete the questionnaire and have 

the possibility to suggest additional bias domains and 

items. 

Project group 

Between Delphi round 1 and 2 

Analyse results from round 1. 

Feedback from round 1 is given to the expert panellists. 

Bias domains and items which met criteria for 

identification of agreement for inclusion in INVITES-IN 

are removed. 

Bias domains and items which met criteria for 

identification of agreement for exclusion from INVITES-

IN are removed. 
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New questions may be included, existing questions may 

be revised. 

Delphi round 2 

Feedback from round 1 is given to the expert panellists. 

Expert panellists complete the questionnaire. 

Analyse results from round 2. 

Workshop 

Expert panellists will be guided through a discussion of 

uncertainties related to bias domains and items for which 

agreement for inclusion or exclusion were not identified.  

Prepare transcripts, organise, and summarise results. 

Project group 

Result 

Expert agreement on bias domains and items of 

importance for internal validity of in vitro studies is 

identified. 

Project group 

  466 

2.3.2.1 Delphi participants  467 

Eligible Delphi participants will be scientists that are active in the field of in vitro research and 468 

have some experience with systematic literature review principles, are affiliated in academia, 469 

governmental institutions (including risk assessment institutions and research institutes) or 470 

private research institutes, at post-doctoral level or higher, and level B1 English speakers 471 

(see Table 1). PG and SAG will nominate participants. 472 

We aim to have an even gender and geographical location distribution for the potential 473 

participants that are invited to participate. The number of participants will be 20 to 30 (see 474 

Figure 3), depending on the number of suitable candidates identified by PG and SAG and 475 

the candidate’s willingness to participate. The minimum number of participants is considered 476 

to be 15. 477 

Potential participants will be contacted via email, and they will receive a letter with 478 

information about the project and the purpose of the Delphi survey including the fact that the 479 

use of individual survey responses will not allow for identification of the participant, the 480 

withdrawal procedure, the financial source, as well as the approximate time for completion of 481 

the questionnaires. Participants must actively confirm their consent by email to be included 482 

as a participant. Before each Delphi round and the guided discussion, participants will 483 

receive instructions. Participants are eligible to be co-authors of the Delphi study manuscript 484 

if they also read and comment on the final draft. No compensation or other incentives are 485 

offered for the participation. 486 
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2.3.2.2 Delphi rounds and workshop with guided discussion 487 

A Delphi round is defined as the process where the expert panellists complete a 488 

questionnaire. Before each round, expert panellists will receive a document with information 489 

about the project, the Delphi survey, and how the Delphi questionnaire information will be 490 

handled and used. 491 

The PG develops the questionnaire based on the alpha version of INVITES-IN prepared in 492 

Study 1. The questionnaire will be prepared as an Excel form, and it will be sent to the 493 

expert panellists by email. The expert panellists rate the importance of different bias 494 

domains and items for the internal validity of in vitro studies. A 5-point Likert scale, with the 495 

categories “strongly disagree” (1), moderately disagree (2), neutral (3), moderately agree (4), 496 

and strongly agree (5) is used as response options (Verhagen et al., 1998).  497 

The expert panellists will have two weeks to complete the questionnaire in each Delphi 498 

round, and they will receive up to three email reminders to complete each round. Panellists 499 

not responding within the deadline in one of the two Delphi rounds will be excluded from that 500 

round. Removed participants will not be replaced. Participants excluded from the first round 501 

will also be excluded from the second round. 502 

Delphi round 1: The questionnaire is completed by the expert panellists, and they will also 503 

be able to suggest additional bias domains and items and alternative wording.   504 

Between Delphi round one and two: 505 

- The results are analysed, and expert panellists receive feedback on average rating 506 

and distribution of ratings of importance of bias domain and items. 507 

- The questionnaire is revised. Bias domains and items which met criteria for 508 

identification of agreement for inclusion or exclusion from INVITES-IN are removed. 509 

New questions may be included, existing questions may be revised.  510 

Delphi round 2: The revised questionnaire is completed by the expert panellists.  511 

Between Delphi round two and the workshop:  512 

- Results are analysed, and expert panellists receive feedback on average rating and 513 

distribution of ratings of importance of bias domain and items. 514 

- Bias domains and items that did not reach agreement for either inclusion or exclusion 515 

in round two are included in the guided discussion workshop.  516 

- An overview of all bias domains and items that did not reach agreement for either 517 

inclusion or exclusion will be prepared and sent to the expert panellists who will be 518 

requested to include arguments for considering the items to be of higher or lower 519 
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importance. PG will prepare an overview of all arguments, which will be sent to 520 

workshop participants.  521 

Workshop: A workshop will be arranged to have a guided discussion on items where no 522 

agreement on importance for in vitro studies has been identified. The starting point for the 523 

discussion of each of these items will be the overview of arguments created between the 524 

Delphi round two and the workshop. During the discussion, we will ask the participants to 525 

give reasonings for agreeing or disagreeing with the arguments. New arguments that 526 

emerge from the guided discussion will be included in the overview. A PG member will lead 527 

and moderate the guided discussion. The workshop will be recorded and transcripts from the 528 

workshop will form the basis for the revision of the list of arguments. 529 

 530 

2.3.2.3 Data analysis and reporting 531 

One PG member will send out the questionnaires, receive the completed questionnaires 532 

from the expert panellists, and anonymise the answers. This person will not be involved in 533 

the data analysis. 534 

Expert panellist characteristics such as gender distribution and geographic localisation will 535 

be reported. The response rate (percentage) for expert panellist completing the Delphi 536 

survey will be calculated and reported. The average group response, changes in rating 537 

between rounds, as well as modifications of the questionnaire, will be reported. The expert 538 

panellists rating of the questions will be analysed independently for round one, round two, 539 

and the guided discussion, and median, mean, standard deviation and the interquartile 540 

range will be reported.  541 

Criteria for identification of agreement in round one and two:  542 

- Agreement for inclusion of bias domains and items is identified when 70% of the 543 

expert panellists rate the relevance and wording of a question as the category 544 

“moderately agree” or “strongly agree” (1 and 2 on the 5-point Likert scale).  545 

- Agreement for exclusion of bias domains and items is identified when 70% of the 546 

expert panellists rate the relevance of a question as the category “moderately 547 

disagree” or “strongly disagree” (1 and 2 on the 5-point Likert scale).  548 

Decisions on identification of agreement will be made by the PG members involved in this 549 

study. 550 

The transcripts from the workshop will be anonymised and made available as supplementary 551 

materials. 552 
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2.3.3 Results and outcome 553 

Study 2 will result in a list of bias domains and items i) for which there were agreement that 554 

the domain or item is of importance when evaluating risk of bias of in vitro studies, ii) for 555 

which there were agreement that the domain or item is not of importance when evaluating 556 

risk of bias of in vitro studies, and iii) where agreement was not reached for either inclusion 557 

or exclusion in the two rounds of Delphi or in the guided discussion. For the items where 558 

agreement was not reached, arguments for considering a given item as higher or lower 559 

importance will be included. 560 

2.4 Study 3: Creating the beta version of INVITES-IN 561 

2.4.1 Introduction and objective 562 

The objective is to create the beta version of INVITES-IN, that will be advanced to user 563 

testing. This will consist of two elements: the tool itself, consisting of a set of signalling 564 

questions and a process for deriving a risk of bias assessment; and a guidance document 565 

explaining how to use the tool. The guidance document will also include relevant examples 566 

of ratings of cell culture studies. This will be given as short texts illustrating possible 567 

reporting in a publication together with explanations and reasonings for how this is intended 568 

to be rated when applying INVITES-IN.   569 

The knowledge goal is to have a complete set of signalling questions addressing bias 570 

domains and items of importance for introduction of bias to in vitro studies and the criteria for 571 

the rating of the questions. 572 

2.4.2 Method 573 

An overview of the workflow and the responsibilities in Study 3 is shown in Table 76. 574 

Table 76. An overview of Study 3. 575 

Phase Task Responsible 

Plan 

Signalling questions are formulated. 

Guidance for rating the signalling questions is prepared.  

The process for compiling the results from the rating of the 

signalling questions into an overall assessment of the risk of bias 

for each study is created. 
Project group 

Invite members of the focus group that interpreted bias domains 

and items for in vitro context (Study 1) to participate in an online 

workshop.  

Actions Workshop Project group 
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Get feedback on the presentation of and information in the 

guidance document (Study 1). 

Result 
The guidance is revised according to the workshop feedback. 

The beta version of INVITES-IN is finalised. 
Project group 

 576 

2.4.2.1 Draft version of INVITES-IN 577 

The draft version of INVITES-IN will be prepared by the PG. The outcome of Study 2 will be 578 

used to formulate the signalling questions. The guidance document will contain explanations 579 

of how each signalling question should be rated.  580 

2.4.2.2 Workshop participants 581 

Members of the focus group participating in Study 1 will be invited to participate in an online 582 

workshop, except for those who also participated in the Delphi process which will be 583 

excluded. No compensation is offered for participation, and participants will not be offered 584 

co-authorship. 585 

2.4.2.3. Workshops 586 

One or more online workshops will be arranged to collect feedback on both the presentation 587 

and the information in the guidance document. Regarding the feedback on information in the 588 

guidance document, the focus will be on the suggested criteria for the rating of the signalling 589 

questions and whether we have succeeded in formulating these so that it is the factors that 590 

are of considered to be of greatest importance for the introduction of bias that are given the 591 

most weight.  592 

We also attempt to collect feedback from the participants regarding the presentation of the 593 

signalling questions from the workshops; whether they should be structured according to the 594 

relevant bias domains or be based on study characteristics and structured around whether 595 

the bias is introduced before, during or after the exposure of the experimental system to the 596 

test item (i.e. prior, during and after the administration of the chemical substance in the 597 

experiment). 598 

When possible, the number of participants in a workshop will be six to eight. However, 599 

workshops with fewer participants will be considered in order to facilitate participant 600 

recruitment.  601 

The workshops will be recorded. 602 
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2.4.2.4 Data analysis and reporting 603 

Transcripts An overview of the feedback on the guidance document received in the 604 

workshops will be prepared and made available as supplementary materials. and used by 605 

the PG for the revision of INVITES-IN. 606 

Based on the feedback from participants in the workshops, PG will make the final decision 607 

on the need for revision. 608 

2.4.3 Results and outcome 609 

The beta version of the tool is ready for user testing. 610 

3 Discussion 611 

This protocol describes the methodological approach for the development of the INVITES-IN 612 

tool.  Few in vitro assessment tools have been developed using rigorous methods that 613 

include a literature review, Delphi process, and formal user testing; we are not aware of a 614 

single published tool for the assessment of the internal validity of in vitro studies that follows 615 

all the steps we have outlined in our protocol. In this protocol, we have proposed an 616 

approach similar to that of ROB2 (Sterne et al., 2019) and ROBINS (Sterne et al., 2016). 617 

The approach chosen fulfils the framework for developing quality assessment tools (Whiting 618 

et al., 2017), which is to our knowledge the only existing framework for how to develop 619 

quality appraisal tools. Although, we cannot be certain that the chosen approach is the best 620 

approach, we feel confident that the methods chosen are rigorous and have been agreed 621 

upon of more than 20 experienced experts/scientists. Also, we have focused on 622 

transparency and there detailed method descriptions and collected data (transcripts and 623 

more) will be made publicly available. is rigorously grounded and the tool development 624 

process fulfils the framework for developing quality assessment tools (Whiting et al., 2017). 625 

Our methodological approach comprises four separate studies and involves both focus 626 

groups, two-round Delphi survey and user-testing at different stages. A separate protocol will 627 

be prepared for the user testing (Study 4). Involving groups of experts in every study 628 

reduces the level of expert judgements made by the project group, and also ensure that the 629 

tool development is based on a wide range of feedback from experts that are the intended 630 

user of the tool. It might be that including more participants in the three studies described in 631 

this protocol would give additional interpretations of the relevance and importance of bias 632 

domains and items for in vitro studies.  633 

It may be a challenge to recruit enough experts to ensure sufficiently powering of the 634 

studies. To facilitate the recruitment process, the workload for the participants is limited to 635 

the absolute minimum. Also, participants in the Delphi-survey, which are likely to have the 636 
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largest workload for the participants, will be offered authorship on the Delphi study 637 

manuscript. 638 

The described approach will not include the assessment of magnitude or direction of the 639 

bias. We believe that these issues need to be addressed by empirical research in addition to 640 

expert knowledge elicitation. We acknowledge the importance of assessing magnitude and 641 

the direction of bias, however, the amount of work and time it will take to properly address 642 

this, will not be possible at this stage of the tool development.  643 

Given that assessment of in vitro studies is likely to become a fast-moving field, we 644 

acknowledge there may be a need for the tool to be updated to reflect rapid changes in 645 

consensus on how to do this, and/or it may be fast movement toward modifying INVITES-IN 646 

for other specific NAM study designs. A plan for the update or modification of INVITES-IN is 647 

not included in this protocol, as it is restricted to describe the process for the creation of this 648 

tool. 649 

Dissemination 650 

A focus group interview report will be prepared. 651 

A Delphi process report will be prepared, including the questionnaires used in round one and 652 

round two. 653 

The beta version of the tool, ready for user testing, will be prepared. 654 

Abbreviations 655 

NAM: new approach methodologies  656 

PG: project group 657 

SAG: scientific advisory group 658 

Definitions 659 

Bias are systematic errors, or deviations from the truth, in results or inference (Cochrane 660 

Collaboration, 2005). For in vitro studies, systematic errors may be introduced in the study 661 

design, conduction, and/or analysis, and cause the result to be an overestimate or 662 

underestimate. 663 

Bias domains are themes such as study performance, analysis, and reporting, under which 664 

bias items can be organised/grouped.  665 

Bias items are study properties that may be relevant for introduction of bias in results and/or 666 

their interpretation. Criteria are the issues that have to be fulfilled for bias to be avoided. In 667 
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the guidance document for the INVITES-IN tool there will be criteria for reaching risk-of-bias 668 

judgements for each signalling question. 669 

Internal validity is the extent to which the design and conduct of a study are likely to have 670 

prevented bias (Cochrane Collaboration, 2005). 671 

In vitro ("in the glass") tests means that it is done outside of a living organism and it usually 672 

involves isolated tissues, organs or cells (ECHA, 2023). 673 

NAMs have not yet a standard definition. However, there seems to be a general agreement 674 

that the term “NAMs” include in chemico, in silico and in vitro studies. One established 675 

definition is that NAMS includes any technology, methodology, approach, or combination 676 

that can provide information on chemical hazard and risk assessment without the use of 677 

animals, including in silico, in chemico, in vitro, and ex vivo approaches (ECHA, 2016; EPA, 678 

2018).  679 

Risk of bias are a measure for systematic errors. Risk of bias tools are used for evaluation 680 

of the extent to which the design and conduct of a study are likely to have prevented bias 681 

(the degree of systematic errors). 682 

Signalling questions are the questions that the users of the tool answer in order to 683 

determine whether the criteria have been fulfilled. 684 

Validity is the degree to which a result (of a measurement or study) is likely to be true and 685 

free of bias (systematic errors) (Cochrane Collaboration, 2005). 686 
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