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Abstract

Quality criteria are essential to the acceptance of experimentally-generated data for hazard and risk
assessment by regulatory authorities. In this document, existing information about quality criteria relating to
performance and reporting of in vitro experimentation were collected, reviewed, and organized. The
information in this document currently cover i) in vitro cell-based toxicity assays, ii) in vitro nanotoxicity
assays, and iii) in vitro toxicokinetic assays. This information can support ongoing PARC New Approach
Methodologies (NAMs) development and data generation activities, e.g. in WP5 and WP6, where quality
criteria might still need to be established or formalized. Gaps were identified in the currently available
information on quality criteria. This document shall serve as a starting point for further discussions within
PARC about quality criteria relating to in vitro experimentation.

It is foreseen that this document will be updated following discussions with partners in PARC, and including
newly available information.
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Relevance, reliability, guideline, guidance document, in vitro, New Approach Methodologies (NAMs),
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Abbreviations and acronyms

CAS — Chemical Abstracts Service

CIVM — Comparative In Vitro Metabolism

CO, — Carbon dioxide

DaNa — Data and Knowledge on Nanomaterials project

EURL ECVAM — EU Reference Laboratory for alternatives to animal testing

EFSA — European Food Safety Authority

GCCP — Guidance on good cell culture practice

GD — Guidance document

GIVIMP — Guidance document on good in vitro method practices
ICCVAM — Interagency coordinating committee on the validation of alternative methods
IPCS — International Programme on Chemical Safety

LOD — Limit of detection

LoQ — Limit of quantification

NAMs — New Approach Methodologies

OECD — Organisation for Economic Co-operation and Development
OHT — OECD harmonized template

Papp — Apparent permeability

PPR — Plant Protection Products and their Residues

RIVER — Reporting recommendations for in vitro experiments
SCCS — Scientific Committee on Consumer Safety

SciRAP — Science in Risk Assessment and Policy

SD — Standard deviation

SOP — Standard operating procedure

TEER — Transepithelial electrical resistance

TG — Test guideline

TRL — Technology Readiness Level

WHO — World Health Organization

Glossary

Acceptance criteria: Predefined conditions or requirements that need to be met to consider the
experimental performance successful and the resulting data acceptable.

Co-funded by
the European Union 6
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Aerosols: Suspensions of fine particles or droplets in air or gas.

Agglomeration (in Nanotoxicology): The process by which particles or entities cluster together due to
physical interactions such as van der Waals forces or hydrogen bonding.

Aggregation (in Nanotoxicology): The formation of larger, often stable, clusters of particles through physical
or chemical bonding, typically resulting in a more significant particle size.

Air-liquid interphase exposure: A method used to simulate the exposure of cells or tissues to airborne
substances, where the inferface between air and liquid (e.g., cell culture media or lung surfactant) is carefully
controlled. This exposure system mimics conditions such as inhalation of airborne toxins or pollutants,
enabling the study of their effects on respiratory cells and tissues.

Coating: Layer of material applied to the surface of an object to protect, enhance, or provide specific
function.

Control item: A substance, sample, or condition used as a baseline or standard in experiments or studies.

Deposited dose: The quantity of a substance (e.g., particles, aerosols) that settles or is deposited within a
biological system.

Genotoxicity: The ability of a substance to cause damage to genetic material.

Homogeneity: The uniformity or consistency of composition or characteristics throughout a given sample
or system.

Hydrolysis: A chemical reaction in which a molecule reacts with water, leading to the breakdown of
compounds into smaller components.

Interference (in nanotoxicology): The disruption or alteration of biological processes or measurements due
to the presence of nanomaterials, which may affect the ouftcome of toxicological assessments or
interactions with cellular components.

Metabolic competence: The ability of a cell or organism to perform essential metabolic processes, indicating
the presence of functional enzymes and biochemical pathways.

Nanomaterial: According to the Commission Recommendation of 10 June 2022 on the definition of
nanomaterial, 'Nanomaterial’ means a natural, incidental or manufactured material consisting of solid
particles that are present, either on their own or as identifiable constituent particles in aggregates or
agglomerates, and where 50 % or more of these particles in the number-based size distribution fulfil at
least one of the following conditions:

1. One or more external dimensions of the partficle are in the size range 1 nm to 100 nm;

2. The particle has an elongated shape, such as a rod, fibre or tube, where two external dimensions
are smaller than 1 nm and the other dimension is larger than 100 nm;

3. The particle has a plate-like shape, where one external dimension is smaller than 1 nm and the
other dimensions are larger than 100 nm.

In the determination of the particle number-based size distribution, particles with at least two orthogonal
external dimensions larger than 100 € m need not be considered. However, a material with a specific surface
area by volume of < 6 m?/cm?® shall not be considered a nanomaterial. For more detailed information, see
httos://eur-lex.europa.eu/legal-content/EN/TXT/?uri=0j:JOC_2022 229 R_ 0001

Nanotoxicity: harmful effects induced by nanomaterials and their products on living organisms and other
biological systems.

Co-funded by
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Non-specific binding: The attachment of a molecule to a surface, receptor, or other entities without a
specific or intended interaction, often limiting exposure of the test system, or causing background noise or
unintended interference in experimental systems.

Pre-incubation period: The initial period before the main incubation or exposure phase in an experimental
setup.

Quality criteria: Standards or requirements that define the desired characteristics of the experimental
system.

Reference item: A substance or material that is used as a known standard or benchmark in scientific studies.
It is typically a substance whose toxicological properties are well-documented and established.

Relevance: The extent to which the toxicological data or findings are applicable and appropriate to the
research question, target population, or specific toxicological scenario.

Reliability: The consistency, dependability, and reproducibility of the toxicological data across different
experiments, methods, or conditions.

Stability: The ability of a system, substance, or condition to maintain consistent properties or characteristics
over time.

Validity (external): The extent to which research findings derived from in vitro models are useful for
prediction of chemical substance’s potential to induce adverse health effects to humans.

Validity (internal): The extent to which a study is free from bias, where bias is systematic error, or deviation
from the truth.

1. Intfroduction

Quality criteria are essential to the acceptance of experimentally-generated data for hazard and risk
assessment by regulatory authorities. In OECD test guidelines (TGs), quality criteria are formally established,
but also for non-OECD TG studies, quality criteria should be established to support the consideration of the
generated data for regulatory purposes. These criteria help to safeguard that experiments can be performed
as needed and, given proper reporting, to judge whether they performed as intended. Only then, these
data will be considered trustworthy and acceptable. Following this, quality is also a key factor for internal
and external validity, the former being “the extent to which a study is free from bias, where bias is systematic
error, or deviation from the truth,” and the latter “the extent to which research findings derived from in vitro
models are useful for prediction of chemical substance’s potential to induce adverse health effects to
humans.” Within PARC, a combination of established in vitro technologies, based on standardized methods
and new analytical or testing approaches, are used and developed, and assessed for their regulatory
relevance and potential applicability. For use in regulatory risk assessment, these methods and approaches
should be elevated from the more common Technology Readiness Level (TRL) level 4-5 (i.e. technology
validated in laboratory) to TRL 8-9 (i.e. system complete, qualified and applied). It is imperative to consider
quality criteria as early as possible in the development process of those methods and when moving them
towards higher TRLs. Within PARC, there is a lot of attention to aspects of internal and external validity,
relevance, and readiness. In this document, quality criteria are described as generically as possible in order
to also be as broadly applicable as possible.

Co-funded by
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This document describes currently employed quality criteria relating fo performance and reporting in in
vitro toxicity testing. An afttempt is made to distinguish, were possible and relevant, between criteria
generally relevant for in vitro toxicity testing, and those established in particular for testing of nanomaterials,
and for toxicokinetic studies. Primarily, this documents only addresses cell-based toxicity testing, with the
exception of also including the use of subcellular fractions for toxicokinetic studies. While some of these
criteria might also be relevant for acellular assays, for example when studying interactions between
molecules and (recombinant) enzymes or proteins, additional criteria might apply for those studies and are
not addressed here. The current document also does not concern in silico predictions and modelling, while
this is foreseen to be included in a later, updated version of this document. In this version of the document,
there is no further distinction made between criteria for performance and for reporting. As such, criteria
that are relevant for performance should be considered relevant for reporting, while other criteria might be
relevant for reporting for reasons of transparency and objectivity.

The criteria presented in this document are based on GDs and tools enlisted in “Annex 1: Inventory of
documents and tools for assessment of quality of in vitro toxicity testing and toxicokinetic studies”, which
forms an explicit part of this deliverable. In the attached inventory, multiple documents are included,
highlighting the importance of various quality criteria addressed in this document. Some documents provide
only general information and recommendations, whereas others are very detailed and/or specialized. For
more detailed information, the reader is referred to Annex 1 to this document. Due to the large variety in
experimental systems, as well their applications and regulatory settings, not all criteria will be relevant to all
experimental systems and settings. At this stage, no useful generalized recommendations can be given that
apply to all possible experimental systems and applications, while this would be a preferable outcome of a
future, updated version of this document. This document aims to inform its reader, e.g. those working on
the development of new methodologies, or moving established methods towards a higher TRL and
regulatory applicability, about established criteria and refer to documents containing these. The reader
should consider themselves which of these aspects might be relevant to their own situation.

To create structure and improve readability, the criteria are categorized according to the following aspects:
test system characterization, test item characterization, reference/control items, exposure description, method
description, data analysis and statistics, and acceptance criteria. Some criteria that might be considered
relevant to two categories were placed in one of them only, which is not meant to imply that those
categories are the only relevant ones. Additional or specific criteria are reported for nanotoxicity testing and
toxicokinetic studies where applicable. The amount of detail varies in these sections due to the differences
in specifics and amount of criteria reported.

Gaps are identified in some sections, which are considered to be relevant aspects by the authors of this
document. These gaps indicated are not considered to be exhaustive, and are of a general nature, i.e. they
generally do not identify very specific aspects for specific assays or specific applications. These gaps are
considered relevant regarding the subjects of this document in a more general manner. The authors hope
that these gaps can trigger discussion also with the readers of this document who might have solutions or
ideas how to approach these. Therefore, at this stage no further recommendations are given on how to
address these gaps.

It is intended that new iterations of this document will be prepared in the future, e.g., using newly published
information or relevant information previously overlooked, broadening its scope (e.g., through inclusion of
criteria for in silico work), and further refining the document (e.g., making the document more specific
where needed or considered relevant such as further distinguishing between criteria for performance and
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reporting). In the context of PARC, the authors hope for fruitful discussions with partners involved in work
packages concerning in vitro methods (e.g. WP5) and the application of data generated using those assays
(e.g. WPO6), that will help further improve this document in next iterations.

2.Test system characterization

Quality criteria for the test system are addressed in mulfiple documents. Of these, the OECD Harmonized
Template 201 (OHT 201) (OECD, 2024), the GCCP 2.0 (Pamies et al., 2022), the ICCVAM GD (Harrill, 2024),
ToxTemp (Krebs et al., 2019), RIVER (NC3Rs), ToxRTool (EU Science Hub; Schneider et al., 2009), and
SciRAP (Karolinska Institute) provide detailed information on methodological considerations and reporting
criteria related to the test system characterization. For toxicokinetic studies, established protocols are
available for a permeability assay (using Caco-2 cells) (ECVAM, 2013b) and metabolic stability testing (using
hepatocytes, S9, or microsomes) (ECVAM, 2013a), as well as recommendations on the performance of
comparative in vitro metabolism (CIVM) (EFSA PPR Panel et al., 2027). For more details, the reader is referred
to Annex 1. Based on the existing documents, the following quality criteria are recommended to be included
and reported for cell-based toxicity testing and toxicokinetic studies:

- Origin of cell type or subcellular fraction

- Characteristics of source/origin for primary cells, number of donors (independent or pooled), donor
information (e.g., age, sex, metabolic capacity) and viability after thawing (for toxicokinetic studies)

- Passage numbers

- Cell cycle length (or doubling time/proliferation index)

- Contamination control measures (e.g., mycoplasma, bacteria, fungi, viruses)

- Periodical check for karyotype/phenotype stability

- Differentiation and metabolic competence, if applicable

- Culture conditions (medium composition and incubation conditions, e.g., CO, concentration,
humidity level, temperature)

- Initial seeding density and density at assessment/harvest

- Information about the culture vessel (e.g., type, pre-treatment)

- Maintenance (subculture protocol)

- Inclusion and exclusion acceptance criteria of the test system prior to the experimental start (e.g.,
transepithelial electrical resistance (TEER) values)

- If a systemic effect is suspected, cell types representative of target organs should be included
alongside primary exposure models (e.g., in vitro ingestion of nanomaterials)

Gaps and remarks: Only few documents about stem cells, organoids and microphysiological systems
(Annex 1) could be identified, and there is a need for recommendations on the quality criteria when setting
up and using these test systems for toxicity testing. For toxicokinetics, available documents are very specific
regarding their application and assumed to be applicable as is only to a limited chemical space; more
generic guidance would benefit the broader applicability of toxicokinetic studies.

Co-funded by
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3. Test item characterization

Several documents and tools, including OHT 201 (OECD, 2024), OECD GD 286 (OECD, 2018) and the
SciRAP tool (Roth et al., 202]), provide detailed information on the test item characterization. Based on the
existing documents the following aspects are suggested to be considered:

- Source of test item (i.e. manufacturer or supplier) and lot/batch number

- Composition and purity (e.g., molecular weight, chemical formulation, CAS number, in case of
mixtures percentage of each component is relevant)

- Treatment of test item prior to testing (e.g., prior freatment, preliminary purification, final nominal
concentration of a dissolved solid, stock liquid or gel)

- Physical form as applied in the test (if different from that of starting material)

- Physicochemical characteristics (e.g. pH, density, osmolality, volafility, solubility and dissociation
constant in water (which may affect cell penetration and uptake), lipophilicity, homogeneity, color,
fluorescence properties (which may interfere with endpoint detection), sensitivity to photolysis,
photo-reactivity, log D (for permeability studies))

- Contamination, sterility

- Preparation of test item (e.g., the choice of solvents, homogeneity and stability of the test item in
the vehicle/solvent and during storage)

- Storage conditions

- Other relevant information, e.g. if radio-labelled, adjustment of pH, osmolarity

In addition, due to the particular characteristics of nanomaterials, the documents by DaNa (DaNa, 2016),
EFSA (EFSA Scientific Committee et al., 2021), Rasmussen et al. (Rasmussen et al., 2016), SCCS (SCCS,
2019), and WHO/IPCS (WHO/IPCS, 2019) recommend including information on the following aspects when
these materials are tested:

- Physicochemical characteristics: particle size, size distribution, shape, surface area, surface charge,
density, porosity, aggregation and agglomeration phenomena and surface characteristics

- Characterization of test items: core and surface, coating, crystal form, and production process
component, if existent

- Changes in characteristics after dispersion

- Material dissolution/degradation and stability in different media

The criteria mentioned to be relevant for toxicokinetic studies are included part of the criteria listed above
for in vitro experimentation (see also Annex |, Chapter 3.3.2).

Gaps: There is a need for standardization of characterization techniques to accurately determine the
physicochemical properties of nanomaterials. Homogeneity and stability of the test item must be ensured
to achieve reproducible and reliable results.

4 .Reference/Control items

Co-funded by
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The OECD GD 286 (OECD, 2018) provides detailed information about reference/control items and refers
to OECD 1998 (OECD, 1998) and 2004 (OECD, 2004) documents for detailed recommendations. Based
on the existing documentation, the following information on reference and control item(s) should be
considered:

- Information on the use of negative, positive and vehicle/solvent controls

- Information on choice of reference/control item(s) based on relevance to the endpoint being
measured (e.g., for air-liquid interface exposure standards for generation of aerosols of the test
items should be included, and for the permeability assay (ECVAM, 2013b), references for assessment
of cellular integrity and active transport are recommended)

- Justification for the selection of the reference/control item(s) should be documented, preferably in
the in vitro method’s standard operating procedure(s) (SOP(s))

- Reference item(s) should be tested for batch-to-batch variability and be appropriately characterized
(e.g., purity, stability) and identified (e.g., Chemical Abstracts Service (CAS) number) (OECD, 1998),
should be non-hazardous and commercially available without prohibitive costs

For nanomaterials, recommendations by DaNa (DaNa, 2016), EFSA (EFSA Scientific Committee et al., 2021),
SCCS (SCCS, 2019), and WHO/IPCS (WHO/IPCS, 2019) also include:

- (Certiified) reference materials, when available, should be used to calibrate, validate, control, and
compare the performance of the analytical methods used

- Incubation of nanomaterials with the different components of the assay to exclude interferences

- Assay reagent (e.g. dyes) and non-nanomaterial controls, if available

For toxicokinetic studies, additional criteria regarding reference and control items for permeability assay
and metabolic stability/Comparative In Vitro Metabolism (CIVM) studies are provided (see Annex |, Chapter
3.3.3).

Gaps and remarks: There is limited availability of certified reference materials for nanomaterials.

S.Exposure description

Concerning the description of exposure conditions information is available in several documents including
the OECD GD 211 (OECD, 2017), OECD GD 286 (OECD, 2018), OHT 201 (OECD, 2024), ToxRTool (Schneider
et al., 2009) and SciRAP (Karolinska Institute), as well as the established protocols for the permeability assay
(ECVAM, 2013b) and metabolic stability assay (ECVAM, 2013a). Based on the existing documentation it is
recommended to consider information on:

- Doses/concentrations tested, and rationale for dose/concentration selection
- Exposure duration/duration of treatment

- Frequency of administration (single, repeated or continuous)

- Method of administration

- Total exposure volume

Co-funded by
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- Homogeneity of the test item in exposure medium and stability under exposure conditions (e.g.
concentration of test item; agglomeration/aggregation; hydrolysis, standards or criteria for
generation of aerosols (for air-liquid interphase exposure))

- Number of replicates and the use of control(s)

- Description of any pre-incubation periods, if applicable

- Harvest time after the end of treatment (sampling/recovery time)

- Incubation conditions and the vessel type used

- Assessment of compatibility of solvents with the test system

- Maximum percentage of organic solvent permitted

- Testing of non-specific binding of the test items to and equipment used

For nanomaterials it is recommended to provide information on exposure concentration in more than one
unit (e.g. weight per volume, weight per area, weight per cell).

Additional criteria are provided for toxicokinetic studies (see Appendix I, Chapter 3.3.4). For CIVM studies,
it is recommended that metabolic competence should be tested prior to or (preferably) simultaneously with
the main assay (EFSA PPR Panel et al., 202]).

Gaps and remarks: Density and sedimentation rate (deposited dose) of the test item under exposure
conditions should be determined. There is a need for standardized definition and use of appropriate
concentration metrics for nanomaterials. Improved and standardized exposure assessment methodologies
are needed.

6.Method description

Several documents are available on criteria to consider for the description of methods. Of these, SciRAP
(Karolinska Institute) gives the most comprehensive overview of parameters to consider and report for the
method description, and descriptions relevant for specific methods are provided in the respective protocols.
Based on the existing documentation the following recommendations are given on the information to be
considered:

- Operating standards followed and deviations from SOP(s)

- Data supporting reliability and sensitivity of methods, performance benchmarks and standards

- Cytotoxicity information (to avoid false positive or false negative results in the evaluation of other
types of toxicity (e.g. genotoxicity)).

- Description of apparatus used and parameters measured

- Detection range, limit of detection (LOD) and limit of quantification (LOQ), if applicable

- Description of blinding/randomization of data collection and analysis

- Identification of interference (e.g., non-target binding, such as binding to plastic or proteins;
nanomaterial interference with the assay components must be continually considered and, if
possible, minimized)

- Stability (especially for nanomaterials)

Co-funded by
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For toxicokinetic studies, specific method descriptions are provided in the established protocols for the
permeability assay (ECVAM, 2013b), metabolic stability assay (ECVAM, 2013a), as well as for CIVM studies
(EFSA PPR Panel et al., 2021), see Appendix |, Chapter 3.3.5.

/.Data analysis and statistics

In general, for assays where specific procedures for data analysis and statistics are established (see Annex
| Chapters 3.2.7 and 3.2.7 for details regarding nanotoxicity and toxicokinetic studies), these should be
followed. If not available, the methods used for data analysis should be reported and justified. General
recommendations regarding criteria related to data analysis and statistics concern their reporting to be as
objective and precise as possible. In addition, data should preferably be FAIR (Findable, Accessible,
Interoperable, and Reusable).

8.Acceptance criteria

It is important to establish acceptance criteria and their respective cut-off values, i.e. clear rules on whether
the obtained results following exposure to reference/control items as well as test items are acceptable or
not. When establishing acceptance criteria and cut-off values, these should be well-justified, for example
and among others based on historical data for all critical components and aspects of the developed
standardized method such as:

- Acceptance criteria for cell population (e.g., passage number, growth curve, cell recovery)
- Criteria for the minimum level of cell viability

- Quality control criteria (e.g., pathogen-free)

- Functional parameters (i.e. certain biological responses to reference substances)

- Test system performance (i.e. positive, negative, and vehicle controls where applicable)

- Acceptance criteria based on data analysis and statistics

Specific acceptance criteria are suggested in the OECD GD 286 (OECD, 2018) and OHT 201 (OECD,
2024). Accordingly, acceptance criteria can be set, for instance, < 20% variability between at least
triplicate samples, and if historical data is available, it is recommended to use = 2 SD for positive and
negative controls, or within 95% of control limits of the distribution of that data. In some instances, historical
data might be supplemented by data from validation studies, or from relevant bibliographic data including

guidance documents.

For analytical methods used in toxicokinetics, criteria specified in PARC D9.4-1 for chemical assays should
be applied. In addition, for toxicokinetic studies, recommendations are given in (ECVAM, 2013b) (ECVAM,
2013a) (EFSA PPR Panel et al., 202]), see also Appendix |, Chapter 3.3.6.
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Q.Recommendation

As a general recommendation for partners in PARC involved in the development of in vitro methods and
application of data generated using these assays, quality criteria should be considered and reported with
the required detail. While in practice, criteria are often very specific to the particular assay or its application,
the authors hope that this document can serve as a source of information regarding quality criteria that are
already established elsewhere.

The authors hope that this document can serve as a starting point for discussions with partners in PARC on
how to, among others, close gaps and generalize quality criteria to increase the applicability thereof, to
ultimately work towards a well-substantiated guidance document on general quality criteria for in vitro
experimentation.
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D9.4-2 Annex 1

Inventory of documents and tools for assessment of quality of in vitro toxicity and
toxicokinetic studies
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Abbreviations and acronyms

3R — Replacement, Reduction, and Refinement of animal experimentation
ACN — Acetonitrile

AdvancedNanolIN — FAIR Implementation Network for safety data on nano- and advanced materials
AOP — Adverse Outcome Pathway

ARRIVE — Animal Research: Reporting of in vivo experiments

CAS — Chemical Abstracts Service

CIVM — Comparative In Vitro Metabolism

CLint — Intrinsic Clearance

CO, — Carbon dioxide

CYP — Cytochrome (P450)

DA — Defined Approach

DaNa — Data and Knowledge on Nanomaterials project

DMSO — Dimethyl sulfoxide

EC-JRC — European Commission Joint Research Centre

EDC — Endocrine-Disrupting Chemical

EU — European Union

EURL ECVAM — EU Reference Laboratory for alternatives to animal testing

EFSA — European Food Safety Authority

ENM — Engineered nanomaterial

FAIR — Findable, accessible, interoperable, reuseable

GCCP — Guidance on good cell culture practice

GD — Guidance document

GIVIMP — Guidance document on good in vitro method practices

GLP — Good laboratory practice

GRACIOUS — Grouping, read-across, characterization and classification framework for

regulatory risk assessment of manufactured nanomaterials and safer design of
nano-enabled products

HPLC — High-performance liquid chromatography
HR-MS — High resolution mass spectrometry
IATA — Integrated approaches to testing and assessment
ICCVAM — Interagency coordinating committee on the validation of alternative methods
INCHI — International Chemical Identifier
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IPCC
Sound Management of Chemicals
IPCS
iPSC — Induced pluripotent stem cell
IUPAC
LOD — Limit of detection
NAMs — New Approach Methodologies
nM — nanoMolar
NM — Nanomaterial
NMR — Nuclear magnetic resonance
NP — Nanoparticle
MS/MS — Tandem mass spectrometry
OECD
OHT — OECD harmonized template
OoC — Organ-on-Chip
Papp — Apparent permeability
PBK models — Physiologically based kinetic models
PBPK/PD
PPR
QA/QC
QSAR
RAM — Radioactive detector
REACH
RIVER
SCCS
SciRAP
SD — Standard deviation
SOP — Standard operating procedure
2 — Half-life
TEER — Transepithelial electrical resistance
TG — Test guideline
TGP — Test guidelines program
UV/Vis — Ultraviolet/visual light
WHO — World Health Organization
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— International Program on Chemical Safety & Inter-Organization Program for the

— International Program on Chemical Safety

— International union of pure and applied chemistry

— Organization for Economic Co-operation and Development

— Physiologically based pharmacokinetic/pharmacodynamic
— Plant Protection Products and their Residues
— Quality assurance/quality control

— Quantitative structural-activity relationship

— Registration, Evaluation, Authorization and Restriction of Chemicals

— Reporting recommendations for in vitro experiments
— Scientific Committee on Consumer Safety

— Science in Risk Assessment and Policy
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WPMN — (OECD) Working party on manufactured nanomaterials
WokE — Weight of evidence

1. Introduction

Several PARC activities, for example in WP5 and WP6, focus on the development (T5.2) and use (T5.1 and
T6.1) of New Approach Methodologies (NAMs) for assessing chemical hazards. These methods aim to
reduce reliance on animal experimentation, which, for regulatory safety testing, are commonly performed
according to Organisation for Economic Co-operation and Development (OECD) test guidelines (TGs) at
good laboratory practice (GLP) certified facilities as required by EU regulations. For acceptance of data
based on NAMs, e.g. in weight of evidence (WoE) approaches, where testing is often performed at non-
GLP facilities according to, or not according to, OECD TGs, data credibility can be enhanced if
recommendations to assure relevance and reliability of in vitro-generated data are followed, and further so
if NAMs are validated (examples of validated NAMs can be found in SCCS/1647/22 (SCCS, 2023b),
SCCS/16565/23 (SCCS, 2023a) and on the EU Reference Laboratory for Alternatives to Animal Testing’s
(EURL ECVAM) homepage). Information on the stage a method has reached in terms of acceptance as a
recognized test method for use in various sectors together with a summary description can be found in the
Tracking  System  for  Alternative  methods  towards  Regulatory  acceptance  (TSAR;
https://tsar.jrc.ec.europa.eu/) tool. While an EURL ECVAM-organized method validation according to
guidance document (GD) 34 (OECD, 2005) for existing or new methods is not a foreseen activity of PARC,

considering quality-related criteria during method development can accelerate the transition of a method
towards readiness. Moreover, describing non-guideline methods used under PARC for data generation
according fo existing recommendations and guidance will facilitate the readiness assessment of the
respective method and/or the acceptance of the collected data. In PARC, it is intended that data and
associated information shall be FAIR (Findable, Accessible, Interoperable, and Reusable). Diverse
recommendations/guidance documents, protocols, guidelines, and tools (e.g. critical appraisal and method
readiness tools) having different purposes/scopes (for method development, risk of bias check of
experimental data, efc.) with varying levels of detail are available.

In this T9.3 activity, documents and tools related to methodological quality and reporting quality were
collected and reviewed to identify gaps and areas where guidance is still missing. To support on-going
method development activities (e.g., WP5) and the use of non-guidelines methods (e.g., WP5 and WP6),
the authors have focused on i) in vifro toxicology/hazard assays, ii) in vifro nanotoxicity assays, and iii) in
vitro toxicokinetics.

This document does not cover acellular assays and in silico prediction and modelling; the latter is foreseen
to be included in a future update of this document.

2. Methods
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Documents and tools containing recommendations or guidance on methodological and reporting criteria
were included in the inventory based on expert knowledge among the working group (WG) members and
internet searches. This document is not a systematic literature review.

Guidance documents (GDs) and recommendations from different international agencies and organizations,
namely OECD (OECD, 2017b, 2018a), the European Food Safety Authority (EFSA Scientific Committee et al.,
202]) and its Scientific Panel on Plant Protection Products (EFSA PPR Panel et al., 2021), the EU Joint
Research Center (JRC) and its EURL ECVAM, the World Health Organization (WHO/IPCS, 2019), the
European Commission, the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) Validation Workgroup (Harrill, 2024), the RIVER working group and other relevant scientific
publications (DaNa, 2016; EC-JRC et al., 2020; Krug et al., 2011; Pamies et al., 2022; Roth et al., 2021) on
in vitro toxicology/hazard testing and nanotoxicity assays were screened and assessed for inclusion in this
inventory.

3. Guidance documents, tools and recommendations

3.1 In vitro toxicology/hazard assays

Several GDs and other documents containing quality criteria were identified and reviewed by the group.
The following were evaluated as relevant for inclusion in the inventory:

OECD GD 286 - GIVIMP, Guidance Document on Good In vitro Method Practices (OECD 2018) (OECD,
2018a). GD 286 gives a comprehensive overview of recommendations of good in vitro method practice
and incorporates recommendations from other sources such as OECD GDs 1998 (OECD, 1998) and 2004
(OECD, 2004), and GCCP. It also provides more specific recommendations on the use of controls (i.e.,
negative, positive and vehicle controls) together with some examples. In contrast to most of the other
documents included in this inventory, GD 286 also gives specific recommendations on acceptance criteria
for in vitro methods.

OECD GD 211 - Guidance document for describing non-guideline in vitro test methods (OECD 2017) (OECD,
20717b). This document was drafted to assess the need to guide regulators on method documentation for
safety assessment, which emerged with the increasing number of non-standard in vitro methods often using
elaborated technologies to produce a large amount of data.

OECD Harmonized Template 201 (OHT 207): Intermediate effects (last update in 2024) (OECD, 2024). This
template collects non-apical observations obtained from methods such as in vitro testing or from other
classes of methods providing mechanistic information relevant for defined approaches (DA), integrated
approaches to testing and assessment (IATA), WoE approaches, and adverse outcome pathways (AOPs). It
gives recommendations on which data should be included; template model (guidance on how to report
data, not on how to perform study).

GCCP 2.0 - Guidance Document on Good Cell and Tissue Culture Practice 2.0 (Pamies et al., 2022) is a
guidance document only for good cell and tissue culture practice.

ICCVAM Guidance document 2024 (Harrill, 2024) describes Validation, Qualification, and Regulatory
Acceptance of NAMs.
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ToxTemp - Template for the description of cell-based tfoxicological test methods to allow evaluation and
regulatory use of the data (Krebs et al., 2019). ToxTemp is an annotated toxicity test method template
(available as a supplement to the Krebs et al., 2019 article) based on the OECD GD 211. While GD 211 targets
regulatory bodies, ToxTemp provides scientists with guidance to ensure sufficient information is reported
on their test methods to fulfil the requirements of GD 211. In addition, ToxTemp is designed to guide the
user concerning the types of answers and details of information required, to include acceptance criteria for
test elements, and to define the cells sufficiently and transparently.

RIVER - Reporting recommendations for in vitro experiments (NC3Rs). The RIVER recommendations are
based on the ARRIVE guidelines which propose guidelines on reporting of in vivo experiments. RIVER
specifies six recommendations on the minimum reporting requirements of in vitro experiments to assess
methodological rigor and study reliability. The recommendations are classified info experimental design,
experimental procedure and materials and data handling, accessibility, and visualization.

In addition, three quality assessment tools for in vitro toxicology studies were identified. These tools are
similar in their approaches to quality evaluation and are based on scoring systems.

Klimisch is a systematic approach for evaluating the quality of experimental toxicological and
ecotoxicological data (Klimisch et al., 1997). It outlines the evaluation of quality of toxicological studies using
a systematic approach and proposes definitions for reliability, relevance, and adequacy of data. Evaluation
of reliability is scored by category as reliable without restriction (1), reliable with restriction (2), not reliable
(3) and not assignable (4). For the highest score (1), the study should have been performed according to
international accepted TGs and preferably according to GLP.

ToxRTool — Toxicological data reliability assessment tool (EU Science Hub; Schneider et al., 2009) is a further
development of the systematic approach to quality assessment proposed by Klimisch and is based on the
Klimisch principles. However, the ToxRTool includes more precise criteria for assignment of the Klimisch
score.

SciRAP (Science in Risk Assessment and Policy) developed by (Karolinska Institute) is a web-based tool for
evaluation of reliability and relevance if in vitro studies (Roth et al., 2021). In this tool, evaluation of reliability
is based on criteria for quality of reporting and methodology and is separated from evaluation of relevance.
The tool provides checklists for reporting. For the reader’s information, SciRAP is also used in certain
activities in PARC (e.g. in WP5 T5.3).

OECD TGs are available for a number of in vitro tests (e.g. eye/skin irritation, skin sensitisation and
genotoxicity). For genotoxicity, a number of GDs for reporting and assessment of the outcomes of the in
vitro tests have been drafted (e.g. (EFSA Scientific Committee, 20T1)). Moreover, for testing of endocrine
disrupting chemical (EDCs), several GDs/tools are available at the OECD Conceptual Framework for testing
and assessment of EDC (including also in vitro tests) (https://www.oecd.org/en/topics/sub-issues/testing-
of-chemicals/endocrine-disrupters.html) and the method readiness ReadEDTest tool (Crouzet et al., 2023)

which can also be used 1o assess readiness of other endpoints than endocrine disruption. Recommendation
on test readiness criteria for NAMs in toxicology have been suggested (Bal-Price et al., 2018), which was
considered out of the scope of this document since the focus was on more generic quality criteria for in
vitro toxicity testing.

Furthermore, a systematic comparison of quality criteria documents was identified. The study by Lynch et
al. 2016 (Lynch et al., 2016) compared the ARRIVE guidelines (2010) (Kilkenny et al., 2010), the Klimisch
criteria (Klimisch et al., 1997), the ToxRTool (Schneider et al., 2009) and the OECD 34 GD (OECD, 2005) for
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in vitro testing and concluded that these tools and GDs have similarities in their requirements and identified
themes of special importance. These included: satisfactory reporting of study design, randomization of
study groups (when appropriate), applicability of methods to assess outcome, avoidance of selective
reporting, and consideration of bias.

3.1.1 Test system characterization

Regarding the various GDs, the OECD OHT 201, the GCCP 2.0, the ICCVAM GD (Harrill, 2024) and
ToxTemp are quite similar in scope and very detailed regarding the test system characterization, and they
identify the following items to be included: species (cell type used); number of passages; cell cycle length
(or doubling time/proliferation index); contamination control measures (mycoplasma, bacteria, fungi,
viruses); periodical check for karyotype stability; differentiation, if applicable. It also covers media used (type
and composition of media, including use of serum and antibiotics), incubation conditions (CO,
concentration, humidity level, temperature); and metabolic competence of the test system. Additionally, the
GCCP 2.0 suggests including information about the culture vessel (type, pre-treatment, initial seeding
density and density at assessment/harvest) and maintenance (subculture protocol). The OECD GD 211 has
fewer details regarding the test system, such as fissue, cells or extracts utilized in the assay, the species
source and the metabolic competence of the test system. The RIVER recommendations are quite detailed
and include the following aspects to consider regarding test system characterization:

1. ldentity of any cells or cell lines (source, characterization/authentication, why specific cells were
chosen)

2. Details of species, sex, age, ethnicity, other relevant characteristics of source for human- or animal-
derived samples, such as induced pluripotent stem cells (iPSCs), organoids or similar models, and
established cell lines

3. Pre-experimental culture conditions (extraction processes, temperature, CO, concentration and
humidity, medium composition (antibiotics/antimycotics), duration of maintenance, mycoplasma
status, number of population doublings, confluency at the start of the experiment

4. Experimental conduct: physical and chemical environment of experiment (suspension or adherent
cell culture plasticware, microfluidic chips, hydrogels, organoids, using structural scaffolds,
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