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ABSTRACT
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.

Abbreviations: NAM: new approach methodologies; PG: project group; SAG: scientific advisory group

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 devi-
ation from the truth, in results’ (Cochrane Collaboration 
2005). A test performed in vitro (‘in the glass’) means 
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that it is done outside of a living organism and it usu-
ally 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 toxi-
cology 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 pro-
vide information on chemical hazard and risk assess-
ment 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 ref-
erence to any non-animal-based approach that can be 
used to provide toxicological information in the con-
text 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 toxico-
logical research and chemical risk assessment is 
required. Such a framework should ultimately incorpo-
rate at least the following principles:

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 valid-
ity of NAM studies (propensity for systematic 
error due to how the study is designed and 
conducted).

3.	 Provide for the evaluation of the external valid-
ity 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, transpar-
ency and reproducibility in the hazard identifi-
cation and characterisation process.

5.	 In its approach to normalising and structuring 
the description and analysis of NAMs, contrib-
ute 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, cos-
metic 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 haz-
ard 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 com-
plete framework for evidence-based chemical risk 
assessment that integrates NAMs to facilitate the tran-
sition 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, protect-
ing 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 contrib-
ute to the development of a framework for 
evidence-based use of data generated by in vitro stud-
ies in human health hazard identification and charac-
terisation 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 cre-
ation of guidance for the identification of point of 
departure and the uncertainty in the point of depar-
ture. We chose to start focusing on creation of tools 
for validity assessment, as validity 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 import-
ant as replacement for animal studies to provide infor-
mation 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 tox-
icity caused by the drug troglitazone whereas neither 
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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 feasibil-
ity, 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 transpar-
ently 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, pri-
mary 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 (poten-
tially 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 chem-
ical 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 intro-
duce bias, it is usually not possible to determine how 
much bias a given feature has introduced on any spe-
cific occasion (Savović et  al. 2012). INVITES-IN therefore 
follows conventional guidance (Boutron et  al. 2022; 

Frampton et  al. 2022) in being designed to differenti-
ate studies with relatively higher risk of bias from stud-
ies with relatively lower risk of bias.

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 address-
ing similar questions to ensure that the outcome of 
this project complements and builds on the work of 
others and thereby creates synergies and avoids dupli-
cation 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 per-
formed 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 cri-
teria for reaching risk-of-bias judgments for each sig-
nalling question. Criteria are the issues that have to be 
fulfilled to avoid bias. Signalling questions are ques-
tions 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.
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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 partici-
pants also having experience with systematic reviews, 
some also having experience with chemical risk assess-
ment, 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 inter-
nal 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 nomi-
nate 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 diver-
sity 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 differ-
ent institutions, located in at least four different coun-
tries. 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 

Figure 1. A n overview of the four studies that will be performed to create the release version of INVITES-IN.

Figure 2. A n overview of the 2023–2024 timeline for the creation of the beta version of INVITES-IN.
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time-consuming process, and at the same time secure 
sufficient diversity in the group of participants.

The tasks and workload for the participants, the out-
come of their contribution and the participant eligibil-
ity 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.

Figure 3.  Participants’ tasks and workload in Studies 1–3, and the outcome of their contribution.
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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 devel-
oped 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 inter-
preted into a draft set of structured signalling ques-
tions that constitute the alpha version of INVITES-IN.

The knowledge goal is to have the expert interpre-
tations 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 ques-
tions and the use of examples that may be of impor-
tance 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 responsibili-
ties 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 

Table 1. A n overview of the criteria for participation in Studies 1–3.
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

Table 2. A n overview of Study 1.
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 

groupNominate 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
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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 informa-
tion 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 con-
sent 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 and questions, although the direc-
tion in which discussion is steered may depend on 
how comprehensively previous focus groups were able 
to cover each issue. The need for including an addi-
tional group will be discussed if new insights are pre-
sented 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 dis-
cussions. The discussions will be facilitated with a view 
to addressing two questions (numbering is for refer-
encing 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 sys-
tematic 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 nor-
malised 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 discus-
sions in order to collect expert feedback on the rele-
vance for in vitro studies. SEVCO draft bias domains that 
have not been approved are not listed. Participants may 
suggest additional bias domains.

Table 3.  Bias domains with approved definitions in the SEVCO (FEvIR Platform Version 0.80.0, 06.12.2022).
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 and an outcome is 
distorted by 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.

SEVCO:00016

Performance bias A bias resulting from differences between the received exposure and the intended exposure. SEVCO:00017
Attrition bias A bias due to the 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 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


