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Disclaimer 

This report has been developed as a resource for U.S. federal agencies and stakeholders seeking 
to establish confidence in new approaches that replace, reduce, or refine the use of animals in 
testing. The principles described in this report were developed with input from staff from 17 
federal agencies, multiple interagency workgroups, the public, and the Scientific Advisory 
Committee on Alternative Toxicological Methods. As such, this report does not necessarily 
reflect the opinions or policy of any agency or workgroup. It does not create rights for any 
person or party and should not be taken as a commitment by any federal agency. This report does 
not establish any legally enforceable responsibilities. Instead, this report describes the 
Interagency Coordinating Committee on the Validation of Alternative Methods’ (ICCVAM) 
current thinking on a topic and should be viewed only as recommendations, unless specific 
regulatory or statutory requirements are cited. The use of the word “should” means that 
something is suggested or recommended, but not required. 

Executive Summary 

New approach methodologies (NAMs) are being developed with increasing frequency and are 
being utilized to provide regulatory and non-regulatory assessments of the potential toxic effects 
of chemicals and products on human health and the environment. These NAMs are being used to 
investigate the biological mechanisms underlying toxicological processes, to assist in the 
evaluation of new and existing products, and to generate hazard identification and dose-response 
relationship information for health and environmental hazard classification and risk assessment 
purposes. This report was developed by ICCVAM to help developers and end users build 
confidence in NAMs. This confidence can be achieved through the implementation of flexible, 
fit-for-purpose validation strategies that consider the intended application of the NAM. This 
report helps to build confidence by describing concepts such as context of use, biological 
relevance, and technical characterization of NAMs. The report looks at U.S. federal agency 
regulatory acceptance of NAMs and the potential for international harmonization, and reviews 
best practices for quality tools and technical assessment of NAMs. The report also emphasizes 
the need for communication between the developers, end users, and regulatory agencies. The 
outdated one-size-fits-all strategy for validation does not work in an advanced field like NAMs. 
ICCVAM is an organization that can support this transition to more modern approaches in an 
advisory capacity, via coordination of validation efforts, and by establishing opportunities for 
research collaboration. Therefore, ICCVAM has developed this report, in cooperation with 17 
federal regulatory agencies and research laboratories, to help developers, end users, and 
regulatory agencies build confidence in NAMs so they can be implemented to supplement or 
replace animal testing for regulatory and non-regulatory purposes. 
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1.0 Introduction 

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM) 
is composed of representatives from 17 U.S. federal regulatory and research agencies that 
require, use, generate, or disseminate toxicological and safety testing information. ICCVAM 
conducts technical evaluations of new, revised, and alternative safety testing methods and 
integrated testing strategies with regulatory applicability. ICCVAM also promotes the scientific 
validation and regulatory acceptance or qualification of testing methods that accurately assess the 
chemical safety and hazards of relevant products in an effort to replace, reduce, or refine 
(enhance animal well-being and lessen or avoid pain and distress) animal use. 

Shortly after its establishment as a standing committee in 1997, ICCVAM published a report, 
“Validation and Regulatory Acceptance of Toxicological Test Methods” (ICCVAM, 1997), 
outlining criteria for the validation and regulatory acceptance for new and alternative test 
methods. Additional guidance was subsequently provided in the 2003 publication, “ICCVAM 
Guidelines for the Nomination and Submission of New, Revised, and Alternative Test Methods” 
(ICCVAM, 2003). The principles outlined in these documents were carried forward in 
developing international criteria described in the Organisation for Economic Co-operation and 
Development (OECD) Guidance Document (GD) 34, “Guidance Document on the Validation 
and International Acceptance of New or Updated Test Methods for Hazard Assessment,” 
(OECD, 2005). These resources described a validation model that is flexible in principle, but in 
practice has demonstrated various limitations such as being lengthy and resource-intensive. For 
some contexts of use, methods may not need to undergo every step of this validation process to 
yield valuable data for a federal agency. Moreover, these documents are not always compatible 
with many modern approaches to toxicity testing, which place less emphasis on replacement of 
in vivo tests with a single alternative method and more emphasis on integrating results from 
multiple in vitro and in chemico assays and in silico approaches (e.g., computational models). 
The 2018 ICCVAM publication, “A Strategic Roadmap for Establishing New Approaches to 
Evaluate the Safety of Chemicals and Medical Products in the United States” (ICCVAM, 2018), 
provides a conceptual framework promoting better communication between agencies and test 
method developers and more flexibility in how confidence is established, to help ensure the 
adoption of new methods by federal agencies and regulated industries once validated for a 
specific application or context of use (COU).The text that follows provides more specific insight 
on establishing confidence in new approach methodologies (NAMs) building upon the principles 
outlined in the 2018 ICCVAM Roadmap. 

In the context of this report, the term NAM refers to any technology, methodology, approach, or 
combination thereof that can be used to provide information on chemical hazard and risk 
assessment and supports replacement, reduction, or refinement of animal use (3Rs). This report 
builds on the principles articulated in existing guidances and documents (Table 1) accepted by 
the U.S. and internationally to advocate a more flexible approach to building confidence in 
NAMs. Here we present key concepts of validation, qualification, and regulatory acceptance as 
they apply to NAMs that include testing in a biological system (e.g., in vitro, certain in chemico, 
small model organisms), recognizing that additional considerations may be needed for other 
types of NAMs, such as computational model predictions (OECD, 2007). 
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Table 1. Examples of Existing U.S. and International Documents Related to Validation, 
Qualification, and Regulatory Use of NAMs 

Document Title Reference 

Validation and Regulatory Acceptance of Toxicological Test Methods (retired 
as of publication of this report) 

ICCVAM, 1997 

ICCVAM Guidelines for the Nomination and Submission of New, Revised, 
and Alternative Test Methods 

ICCVAM, 2003 

OECD Series on Testing and Assessment No. 34: Guidance Document on the 
Validation and International Acceptance of New or Updated Test Methods for 
Hazard Assessment 

OECD, 2005 

Recommended Procedures Regarding the CPSC’s Policy on Animal Testing CPSC, 2012 

FDA Predictive Toxicology Roadmap FDA, 2017a 

Qualification of Medical Device Development Tools: Guidance for Industry, 
Tool Developers, and Food and Drug Administration Staff 

FDA, 2017b 

EPA Strategic Plan to Promote the Development and Implementation of 
Alternative Test Methods Within the TSCA Program 

EPA, 2018 

ICCVAM Strategic Roadmap for Establishing New Approaches to Evaluate 
the Safety of Chemicals and Medical Products in the United States 

ICCVAM, 2018 

Guidance Document on Good In Vitro Method Practices (GIVIMP) OECD, 2018 

Guidance for Industry and Test Method Developers: CPSC Staff Evaluation 
of Alternative Test Methods and Integrated Testing Approaches and Data 
Generated from Such Methods to Support FHSA Labeling Requirements 

CPSC, 2020 

Qualification Process for Drug Development Tools Guidance for Industry and 
FDA Staff 

FDA, 2020 

EPA New Approach Methods Work Plan EPA, 2021a 

EPA Strategic Plan to Reduce the Use of Vertebrate Animals in Chemical 
Testing 

EPA, 2021b 

Advancing New Alternative Methodologies at FDA FDA, 2021a 

https://ntp.niehs.nih.gov/iccvam/suppdocs/subguidelines/sd_subg034508.pdf
https://ntp.niehs.nih.gov/iccvam/suppdocs/subguidelines/sd_subg034508.pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://www.cpsc.gov/Business--Manufacturing/Testing-Certification/Recommended-Procedures-Regarding-the-CPSCs-Policy-on-Animal-Testing
https://www.fda.gov/science-research/about-science-research-fda/fdas-predictive-toxicology-roadmap
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/qualification-medical-device-development-tools
https://www.epa.gov/sites/default/files/2018-06/documents/epa_alt_strat_plan_6-20-18_clean_final.pdf
https://www.epa.gov/sites/default/files/2018-06/documents/epa_alt_strat_plan_6-20-18_clean_final.pdf
https://ntp.niehs.nih.gov/iccvam/docs/roadmap/iccvam_strategicroadmap_january2018_document_508.pdf
https://ntp.niehs.nih.gov/iccvam/docs/roadmap/iccvam_strategicroadmap_january2018_document_508.pdf
https://doi.org/10.1787/9789264304796-en
https://www.regulations.gov/document/CPSC-2021-0006-0001
https://www.regulations.gov/document/CPSC-2021-0006-0001
https://www.regulations.gov/document/CPSC-2021-0006-0001
https://www.fda.gov/media/133511/download
https://www.fda.gov/media/133511/download
https://www.epa.gov/system/files/documents/2021-11/nams-work-plan_11_15_21_508-tagged.pdf
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/strategic-plan-reduce-use-vertebrate-animals-chemical
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/strategic-plan-reduce-use-vertebrate-animals-chemical
https://www.fda.gov/media/144891/download
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2.0  Key Concepts in Flexible, Fit-for-Purpose NAMs Validation 

The underlying principles of validation as described in OECD GD 34 remain essential, but the 
processes used for validation should allow for efficient and timely development of NAMs that 
are fit-for-purpose, reliable, and provide information relevant to the species of interest. 
Specifically, OECD GD 34 states that “new test methods undergo validation to assure that they 
employ sound science and meet regulatory needs,” i.e., that the methods are fit-for-purpose, 
which in addition to informing regulatory decisions, could include screening and prioritization of 
use cases. The guidance also states that “the validation process should be flexible and adaptable” 
and that performance must be “demonstrated using a series of reference chemicals” and 
“evaluated in relation to existing relevant toxicity data” (OECD, 2005). As such, confidence in 
NAMs should not be considered a universal status bestowed following the completion of a 
specific process (e.g., considering a NAM to be “validated” following successful completion of a 
ring trial study); instead, establishing confidence in NAMs should be viewed as an evolving and 
iterative process that requires communication among method developers, regulatory decision-
makers, and validation bodies (ICCVAM, 2018). 

 

 

Figure 1. Key concepts to consider during development and implementation of flexible, fit-for-
purpose NAMs validation strategies. Adapted from van der Zalm et al. (2022). 
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There are several key concepts that are important to consider when designing and implementing 
flexible, fit-for-purpose validation strategies, represented in Figure 1. These concepts are broadly 
applicable to the use of NAMs for various purposes but should be tailored as needed for the 
specific scenario and application. One overarching concept to consider is COU, or the purpose 
for which the NAM is intended (e.g., screening, hazard identification, potency evaluation, point 
of departure for quantitative risk assessment, etc.). The COU will inform the flexibility of the 
validation process and how the fitness of the NAM for a specific COU is established. Key 
concepts involved in that flexible, fit-for-purpose validation process are biological relevance, 
technical characterization, data integrity, and information transparency. As demonstrated in the 
figure, these aspects are related and interdependent. Finally, all parts of the validation process 
must be subject to independent review. These key concepts are similar to the essential elements 
proposed by van der Zalm et al. (2022) in a framework for establishing scientific confidence in 
NAMs, but we are adapting them here to be useful for a wider range of NAM applications. Each 
of these key concepts is further detailed in Section 3.0. 

3.0 Applying the Key Concepts to Build Confidence in NAMs 

Validation should be a robust yet flexible process wherein scientific confidence is established by 
determining the fitness of a NAM for a specific COU. Where possible and appropriate, there 
should be evidence to support that the use of an alternative method will provide information that 
is as good as or better than the existing method, and that it will lead a regulatory review to 
decisions that are as protective for human health. The COU determines the detailed criteria and 
implementation of the key concepts. In order to determine whether NAMs are fit for a particular 
purpose, both the COU and the relevant biology the NAM is intended to cover should be clearly 
defined. The NAM must be well-described and provide technically reliable information that is 
biologically relevant and/or health-protective for the endpoint or process of concern. The 
composition of the information provided by the NAM must be sufficiently transparent to allow 
for independent review to ensure integrity and trustworthiness. Where appropriate and possible, 
building confidence in NAMs may include demonstrating that the NAM provides information of 
equivalent or better quality and relevance to the species of interest for regulatory decision-
making as compared, either quantitatively or qualitatively, to the information provided by the 
traditional animal test method. To avoid being constrained by the status quo, the possibility that 
the NAM may provide better quality and more relevant information for regulatory decision-
making than the traditional animal test method must be acknowledged. This requires a validation 
framework that allows for this possibility and accounts for circumstances in which a comparison 
to data from traditional animal test methods may not be possible. 

3.1 Context of Use 

Establishing COU, or the intended utilization of a NAM, includes crafting a statement that fully 
and clearly describes the way the NAM is intended to be used and its regulatory purpose (if 
applicable). U.S. federal agencies operate under statutes and regulations particular to each 
agency (see, e.g., Shaffer, 2021), and therefore have different criteria for a NAM to be 
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acceptable and applicable toward each agency’s individual requirements. In some cases, even 
within an agency (e.g., different centers of the U.S. Food and Drug Administration [FDA], 
offices of the U.S. Environmental Protection Agency [EPA]) there may be different needs 
depending on the area of regulation. This is further complicated internationally where regulations 
in other countries may differ from U.S. regulations such that methods acceptable in one country 
for a particular COU may not be acceptable elsewhere. Consequently, even though a NAM may 
be validated to address a specific endpoint for one (or multiple) COU under a particular 
guidance/regulation, it may not be considered acceptable under a different guidance/regulation 
among various agencies, regulatory jurisdictions, and countries. To better understand this diverse 
regulatory landscape, ICCVAM has collected information from a variety of agencies, both 
domestically and internationally, to characterize agency needs specific to particular toxicity 
endpoints (NIEHS, 2023a; examples shown in Table 2). 

Table 2. Manuscripts Produced by ICCVAM Workgroups that Provide Details about Agency 
Testing Needs for Selected Topics 

Testing need focus Reference 

Acute toxicity testing Strickland et al., 2018 

Ecotoxicity testing Ceger et al., 2022 

In vitro to in vivo extrapolation  Chang et al., 2022 

Nanomaterials testing using NAMs Petersen et al., 2022a 

Skin sensitization Daniel et al., 2018; Strickland et al., 2019 

Skin and eye irritation testing Choksi et al., 2019 

NAMs with different COUs such as screening/prioritization and hazard identification can be 
different from those that are designed to answer specific questions regarding toxicological 
mechanisms and/or support quantitative risk assessments, and as such, different criteria may be 
developed and applied to evaluating and validating NAMs for each purpose. Many new methods 
are developed in academic settings to address basic research questions that may be specific or 
exploratory in nature. Occasionally, it is recognized that one of these methods might have the 
potential to serve a role other than basic research into more applied areas, such as regulatory 
decision-making. It is important for developers of new methods to meet with both federal 
agencies and/or intended users or stakeholders prior to validating a NAM to ensure that 
validation studies designed to establish confidence will be tailored appropriately to the intended 
COU. 

Other NAMs may be more useful for product discovery and development. A NAM may be 
adopted for screening new molecules for desirable (e.g., pharmacologic) or potentially 
undesirable (toxic) activities. These data may be used to make decisions about what molecules 
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should be taken into further development. Standardization of testing methods can support 
innovation by focusing effort and resources on new technological or therapeutic discoveries, 
rather than method development or testing. These uses of NAMs tend to be outside the 
regulatory authority of most federal agencies. However, it is still recommended that the key 
concepts to establish scientific confidence in NAMs are applied to ensure that high-quality data 
are being obtained. It is recognized that these uses of NAMs can both support the 3Rs directly 
and provide preliminary data and experience that can support further development of a NAM, 
potentially enabling its use for a regulatory purpose. 

3.2  Biological Relevance 

The relevance of a NAM describes the relationship between the test and the effect in the target 
species and whether the test method is meaningful and useful for a defined purpose, with the 
limitations identified. Adequate demonstration of the relevance of a NAM is an important 
contributor to confidence in a NAM. Biological relevance can be demonstrated in various ways 
depending on the available information, as detailed below. 

Considerations surrounding biological relevance detailed in the following subsections include: 

• What type of information does the NAM provide? Is there an understanding of the 
biology and mechanisms leading to the outcome/endpoint? 

• What reference data are available for benchmarking the outcome that the NAM is 
intended to query? 

• What are the considerations on whether, and how, to benchmark outputs of a NAM to an 
established laboratory method? 

Additional considerations surrounding biological relevance may also be important depending on 
the specific circumstances of the validation application. 

3.2.1 Mechanistic Understanding 

Consideration of the biology of the species of interest (generally human, but often other species) 
is important when assessing the relevance of a NAM. Comparisons of the information provided 
by the NAM to in vivo biology should be supported, where possible, by existing mechanistic 
knowledge (e.g., an adverse outcome pathway [AOP] or toxicologically relevant biological 
process). Anchoring a NAM to an established AOP via a molecular initiating event or one or 
more key events can help demonstrate the biological relevance of the NAM. On the other hand, 
lack of an established AOP for the outcome being predicted by a NAM does not necessarily 
exclude the NAM from being potentially useful, and such supporting information may come 
from mechanistic insights provided by in vivo data and understanding of the biology of the target 
species. It is important for a NAM to be comprehensively characterized and clearly describe 
what biological event is being measured and how it relates to the adverse outcome or hazard of 
concern. 
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A description of the NAM should address biological plausibility of the model for predicting in 
vivo outcomes and/or provide a mechanistic linkage to a biological process, mechanism, or AOP. 
For example, if a NAM is to predict the possibility of a human pharmaceutical to induce fetal 
malformations or embryo-fetal lethality, there should be an understanding of the mechanisms of 
embryo-fetal development (e.g., cell migration, differentiation, vasculogenesis, neurulation, 
gastrulation) and the connection to subsequent developmental adverse effects studied with the 
model (FDA, 2021b). While the relationship to the in vivo effect being predicted may be 
correlative in nature, it is more challenging to build confidence in NAM predictions from only 
correlative or empirical relationships; therefore, tests with clear biologic relevance to the process 
being evaluated are preferred. The absence of an understanding of the biological and mechanistic 
relevance of a NAM may limit its applicability to boundaries tightly defined by the data used to 
validate the NAM and make it difficult to extend NAMs to chemical classes outside those used 
in establishing and validating the NAM. 

An AOP is a useful organizing framework to link molecular and cellular perturbations with 
adverse health outcomes and can be used to develop and anchor NAMs that represent important 
toxicological processes. Examples exist for endpoints that do have well-established AOPs, such 
as skin sensitization (Kleinstreuer et al., 2018). For endpoints lacking well-established AOPs, the 
mechanistic relevance of the NAM can instead be considered based on factors such as biological 
pathways or processes (Table 3). 

Table 3. Examples of Endpoints Where Biological and Mechanistic Relevance of NAMs has 
Been Demonstrated* 

Endpoint Summary References 

Skin 
sensitization  

The endpoint has a well-developed human 
relevant AOP to which defined approaches 
combining several NAMs are mapped and 
described in OECD Guideline 497.  

Kleinstreuer et al., 2018; 
OECD, 2021a 

Endocrine 
disruption 

Established pathway models using 
complementary NAMs as part of an integrated 
strategy are available for estrogen and 
androgen receptor activity. EPA accepts these 
NAMs for Tier 1 screening in the Endocrine 
Disruptor Screening Program.  

Judson et al., 2015; 
Kleinstreuer et al., 2017; 
EPA, 2023 

Developmental 
neurotoxicity 

Limited AOPs exist for this complex endpoint. 
Instead, a battery of NAMs covering critical 
processes of human neurodevelopment has 
been developed. An OECD GD on the battery 
is available that includes Integrated 

Crofton and Mundy, 2021; 
OECD, 2022a; OECD, 
2023 



Validation, Qualification, and Regulatory Acceptance of NAMs March 2024 

9 

 

Endpoint Summary References 

Approaches to Testing and Assessment 
(IATA) case studies.  

Inhalation 
toxicity 

An alternative approach using an in vitro 
human cell-based assay and computational 
modeling was used to derive a point of 
departure for use in EPA human health risk 
assessment. This approach was also published 
as an OECD IATA case study. 

Corley et al., 2021; EPA, 
2021c; OECD, 2022b 

Eye irritation A guidance document describing an alternate 
testing framework for assessing eye irritation 
potential of pesticides and pesticide products. 
Available in vivo, in vitro, and ex vivo test 
methods were reviewed with respect to their 
relevance to human ocular anatomy and 
mechanisms of toxicity. 

EPA, 2015; Clippinger et 
al., 2021 

Skin irritation A guidance document proposing an IATA for 
skin corrosion and irritation using existing 
information, physicochemical properties, and 
other non-testing methods. 

OECD, 2014 

* Refer to agency-specific guidance for acceptance of different NAMs. 

Ideally the description of the relationship of the NAM to the biologic effect of interest should be 
based on available information on the relevant biology or mechanism of action for the endpoint 
of concern in the species of interest. In some cases, this may not be possible, and data from a 
different species than the one of interest may be the only available basis for comparison. 
However, the physiology of the species of interest may differ from the existing surrogate test 
species, further emphasizing the need to incorporate mechanistic understanding into the NAM 
evaluation. For example, anatomical and physiological aspects of the rabbit eye differ from 
human (Clippinger et al., 2021) and the windows of susceptibility during brain development 
differ among species (Smirnova et al., 2014; Tsuji and Crofton, 2012). Consequently, the 
biological relevance to the species of interest and key exposure considerations should be 
acknowledged in assessing both the NAM and the existing reference test method. Evaluations of 
biological and mechanistic relevance might consider, for example, the relevance of the cell type 
used, the physiological characteristics of the relevant organ/tissue under investigation, or the 
presence of species-relevant metabolites associated with the test substance (noting that 
metabolites found in one species might be different from those found in another or produced in a 
NAM). Additionally, one might examine the ability of a method to assess a particular species-
specific mode of action or mechanism (Hartung, 2010; Madia et al., 2021; Parish et al., 2020). 



Validation, Qualification, and Regulatory Acceptance of NAMs March 2024 

10 

 

Moving beyond species translation, variation between individuals (e.g., donors of cells or tissues 
used in in vitro assays) may additionally underlie biological variation that can both affect the 
measured response, as well as potentially add additional insight into inter-individual variability 
across a population (Harrill, 2020). While not covered extensively in the present document, 
NAMs users and developers should be aware that observation of an effect (with regards to 
magnitude and, in some cases, presence of the observed effect) as well as the point of departure 
or dose at which the effect occurs can be modulated by genetic sequence variation present across 
a panel of cell lines (Chiu et al., 2017). Use of genetically diverse cell line panels in cell-based 
tests can offer advantages in understanding the population dynamics of toxicity and phenotypic 
response (Harrill and McAllister, 2017), uncovering genetic sequence variants that confer 
susceptibility (Frick et al., 2015), enabling identification of uniquely susceptible subpopulations 
(Church et al., 2015), and facilitating measurement of toxicokinetic and toxicodynamic 
variability (Rusyn et al., 2022). While tumor-derived cell lines are sometimes used in in vitro 
models, their genetic composition may not adequately represent genetic variation in the 
population. Specific recommendations for incorporating diversity in NAMs will depend on 
context. Accordingly, fit-for-purpose study designs should be developed in cooperation with 
geneticists to ensure adequate coverage of target species variation, as well as with bioethicists 
and relevant stakeholder groups if human genetic variation will be queried (see for example 
ICCVAM, 2022). Specific recommendations for assessing inter-individual variation are beyond 
the scope of this report and will likely continue to evolve with the emerging science in this arena. 

In some cases, complex AOPs or outcomes that are a result of more than one AOP may require 
that multiple aspects of the mechanism for the adverse outcome be assessed to obtain an 
adequate prediction of the outcome. NAMs generally have limitations that do not allow them to 
be predictive for or technically applicable to all chemical classes. The NAM may also be limited 
with respect to the complexity of the biology it can represent. Combining more than one NAM 
with differing performances, applicability, and biological coverages into defined approaches 
(DAs) can enhance their ability to predict outcomes (OECD, 2017). This can be achieved by 
mapping appropriate NAMs to key events along an AOP to ensure sufficient mechanistic 
representation to predict the relevant adverse outcome for the species of interest. An example of 
mapping NAMs to key events along an AOP resulting in a DA to address a regulatory endpoint 
is found in the OECD “Guideline No. 497: Defined approaches on skin sensitisation” (OECD, 
2021a). 

3.2.2 Reference Compounds 

Reference compounds can have a broad range of potential purposes that span from running an 
assay through evaluating its technical quality and biological relevance as shown in Table 4. A 
reference compound may work well for one purpose but not be adequate for another. For 
example, a reference compound may work well for a certain method as a positive control (e.g., a 
developmental neurotoxicity assay) even if it would not result in the implicated adverse effect in 
the target species (e.g., due to an inability to pass through the blood-brain barrier) and thus may 
not be suitable as a biological endpoint reference compound. Depending on the COU, reference 
compounds may include monoconstituent chemicals, mixtures, or complex extracts (e.g., from 
medical devices). 
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Table 4. Selected Uses of Reference Compounds 

* There may be overlap in eligible compounds across these sets. 

A key aspect of demonstrating the scientific validity of a NAM is assessing its performance 
against existing test methods in use, often via testing biological endpoint reference compounds 
whose biological activities are well-characterized and understood. Biological endpoint reference 
compounds generally include compounds that have been demonstrated to produce adverse 
effects, ideally with a range of potencies, or not to produce such effects (Browne et al., 2019). 

Identification of biological endpoint reference compounds with known effects for particular 
apical outcomes can be challenging. This is particularly true for humans, where data are often 
lacking, as the field of toxicology has been applied to prevent human exposure to potentially 

Discrete 
Compound Sets* 

Purpose(s) Criteria for Compound Selection 

Positive 
Control(s) 

Verify whether the method is 
performing as expected. 

Compounds that have been verified 
to cause a reliable, measurable, and 
statistically significant change in a 
specific assay readout under the 
method conditions. 

Performance 
Compounds 

Assess the extent to which a new or 
modified method compares to a 
similar established method - “me-
too”. 

A set of compounds that reliably 
elicit a response (or no response) in 
the already established method. 

Proficiency 
Compounds 

Evaluate the performance of a new 
lab using an established method. 

Compounds that reliably elicit a 
response (or no response) in the 
established method; can be a subset 
of performance compounds. 

Biological 
Endpoint 
Reference 
Compounds 

1) Assess the biological relevance of 
a method. 
2) Compare agreement for methods 
designed to measure an outcome 
relevant to the same in vivo endpoint, 
but which use a different context 
(e.g., different species, method, or 
measurement modality). 

1) Compounds with evidence for in 
vivo effect (positive) or no effect 
(negative) for the endpoint of interest 
(ideally from the target organism of 
interest or a suitable comparator 
species). 
2) A common set of compounds that 
have been tested for the endpoint of 
interest in at least one reliable 
method. 
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hazardous chemicals. Success in this effort means that limited human data are available, or such 
substances have not been adequately characterized or measured in human populations. When 
such human data are available, they may be from accidental exposures or low-level exposures, 
both of which often provide limited quantitative data on the exposure levels or outcomes. Case 
studies can provide indications of hazard but are often unsuited for establishing clear cause-
effect correlations. 

Despite these challenges, efforts should be made to identify compounds with human effects 
related to the outcome or mechanism being predicted by the NAM under development. Even if 
such data are limited in their ability to support quantitative evaluation of the method, they may 
provide a qualitative check on the relevance of the NAM. High-quality human epidemiological 
data can also be difficult to obtain and align with toxicological data; however, epidemiological 
data are useful in identifying environmental chemicals with strong associations to adverse human 
health effects. Evidence-based frameworks have been developed to allow compilation of vast 
amounts of information, followed by a transparent and objective selection of narrower, relevant 
data sets (Wikoff et al., 2020), thereby improving accessibility of data. These frameworks 
include systematic evidence maps, which provide broad overviews of an evidence base, and 
subsequent systematic reviews, which provide a more narrow and comprehensive assessment of 
a particular research question, allowing for more rapid integration of human epidemiological 
data with other sources of existing information (Wolffe et al., 2019). In combination with 
mechanistic lines of evidence and legacy animal data, these data might be used to define 
biological endpoint reference compounds to help establish scientific confidence in NAMs (see 
Krishna et al., 2021 for an example). 

Where possible, compounds that have been shown to cause the relevant effect(s) in the species of 
interest should be used as positive controls during the assessment of NAM robustness and 
relevance. Petersen (2021) has described characteristics to consider when choosing positive 
controls (e.g., chemicals tested using in-process control measurements each time the assay is 
performed), and many of the same considerations will be relevant for reference compounds to 
assess a NAM. Both positive and negative biological endpoint reference compounds, 
performance compounds, and proficiency compounds should be included and should be selected 
with equal care. Due to historical bias in the literature emphasizing positive results (recognizing 
not all positives reported in the literature are true positives), reliable reference compounds that 
are negative for the target endpoint may be more challenging to identify. Data curation efforts 
focusing on negative results should be strongly considered for publication, and efforts that test 
compounds up to relatively high concentrations across a broad range of targets may provide 
valuable information to help resolve this issue. 

All COUs may not be covered by one definitive list, and selection of reference compounds 
should consider the particular regulatory needs for that COU. In some cases, it may also be 
appropriate to define subsets of biological endpoint reference compounds with respect to the 
mechanism being evaluated (rather than the apical endpoint) for each NAM within a battery. For 
example, few compounds qualify as reference compounds for developmental neurotoxicity, and 
instead each process evaluated in the battery (e.g., proliferation or neurite outgrowth) has its own 
assay-specific biological endpoint reference compounds. Consequently, a biological endpoint 
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reference compound may be positive in one assay but negative compound for another assay that 
is evaluating different mechanisms or processes. 

Lists of reference compounds (e.g., for assessing transferability) are required in the formal 
validation process outlined by the OECD. However, the compilation of reliable reference 
compounds is time-consuming and resource-intensive. Efforts to facilitate the rapid development 
of curated lists of reference compounds via rigorous systematic reviews and automation 
processes where feasible have allowed more robust evaluation of NAM sensitivity and 
specificity (Judson et al., 2019; Thomas et al., 2019). An example of a biological endpoint 
reference compound list for NAM qualification can be found in the 2021 FDA revision of the 
International Council for Harmonization of Technical Requirements for Pharmaceuticals for 
Human Use (ICH), S5(R3) Detection of Reproductive and Developmental Toxicity for Human 
Pharmaceuticals Guidance for Industry (FDA, 2021b). The list includes compounds with positive 
and negative outcomes. The guidance notes that these compounds, as well as others, can be used 
to support qualification of an alternative assay or battery of assays for particular COUs. 

3.2.3 Comparison to Existing Laboratory Animal Methods 

The standard for establishing scientific confidence in a NAM and gaining regulatory acceptance 
has generally included consideration of whether the NAM can provide information on equivalent 
or better usefulness, scientific quality, and/or relevance than the existing test method used for 
regulatory decision-making (as appropriate within each agency’s regulatory framework). For 
example, a criterion in OECD GD 34 for validating any new test method is “the method 
generates data for risk assessment purposes that are at least as useful as, and preferably better 
than, those obtained using existing methods. This will give a comparable or better level of 
protection for human health or the environment” (OECD, 2005). The amended U.S. Toxic 
Substances Control Act (section 4(h)(1)(B)) includes specific considerations for NAMs and 
mandates that the EPA encourage and facilitate the “use of scientifically valid test methods and 
strategies that reduce or replace the use of vertebrate animals while providing information of 
equivalent or better scientific quality and relevance that will support regulatory decisions” (15 
USC §2601, 2016). 

Historically, the concept of “equivalent or better” has relied upon a direct comparison with the 
traditional animal test data. However, to achieve the goal of “better” information, it must be 
acknowledged that NAMs may not provide the same information generated by the traditional 
animal test method and the results of the NAM may not directly align with the results of the 
traditional animal test (for examples, see Clippinger et al., 2021; Hoffmann et al., 2018, 2008; 
ICCVAM, 2018; Kolle et al., 2017; Petersen et al., 2022b; Piersma et al., 2018; Prior et al., 2019; 
Sewell et al., 2017). In some instances, the NAM may provide biologically relevant information, 
mechanistic insights, or sufficiently sensitive endpoints that are adequate for the regulatory 
decision-making process, and a comparison to data from traditional animal test methods may not 
be necessary. For example, some pharmacologic or toxicologic targets may not exist in 
nonhuman species, so animal studies may not be relevant for assessing potential human effects 
mediated through such targets. Human-based NAMs might provide biologically relevant 
information in these cases. Furthermore, NAMs often provide mechanistic information rather 
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than data on apical endpoints measured in animal test methods (e.g., while an observed reduction 
in body weight in an animal may not elucidate the underlying mechanism of toxicity, NAMs may 
be able to provide these mechanistic insights). There are also circumstances in which the animal 
model may be measuring a complex biological endpoint that is relevant to the COU but is not 
adequately covered by the NAM in question. In these cases, a comparison to traditional animal 
test methods may be the most expedient option, particularly where the mechanism is not fully 
understood. The objective of the evaluation of the NAM is to demonstrate that the NAM 
provides information that leads to a similar regulatory decision as would be made based on 
existing methods. 

Comparisons between NAMs and existing laboratory animal methods, as appropriate, should 
consider the reliability and reproducibility of the reference animal test methods, including 
understanding reasons for observed variance in both types of methods, if possible. When 
available, using reference data from the species of interest allows the assessment of a NAM 
against the species-relevant response. If in vivo time-course data are available, NAMs such as 
microphysiological systems can be used to simulate toxicokinetics and then computational 
extrapolation of the microphysiological system can be compared with the animal or human data. 
Physiologically based pharmacokinetic modeling allows for the estimation of internal 
concentrations from reference doses and comparison to activity concentrations in vitro. These 
models can also be applied in a reverse dosimetry approach to perform in vitro to in vivo 
extrapolation (IVIVE) and predict equivalent administered doses that would result in plasma, or 
target tissue, concentrations where bioactivity is observed in the NAM. When humans are the 
species of interest, high-quality epidemiological, clinical, or observational evidence of effects 
may be useful to provide insight on building scientific confidence for the NAM. However, such 
human reference data are rarely available for most endpoints and chemicals, and comparisons 
must often rely upon data from a different species. Data from animal studies can be curated and 
compared to yield reference standard lists with reproducible, robust, and relevant results. In some 
contexts, such as ecological applications, sequence homology of molecular targets or 
conservation of biological mechanisms may be helpful to support a comparison to data derived 
from different species (Farmahin et al., 2013; LaLone et al., 2016). 

Several publications have assessed the results of animal-based reference test methods for a range 
of endpoints and showed that the results from these tests demonstrate varying level of 
reproducibility (Browne et al., 2018; Dumont et al., 2016; Karmaus et al., 2022; Kleinstreuer et 
al., 2018; Luechtefeld et al., 2016; Pham et al., 2020; Rooney et al., 2021). The observed 
variability could reflect inherent biological factors, reporting errors, protocol differences, or 
variations in test substance purity, for example. Conflicting results between reference animal test 
method and NAM data should be explained whenever possible, including reference to the 
biology of the species of interest. This is necessary to provide a realistic context about the 
capabilities of the laboratory animal data, and therefore, set appropriate expectations around the 
maximum performance capacity of NAMs that are compared against the reference test method 
(Browne et al., 2019). 

The relative value of comparing NAMs to legacy animal tests and the biological and mechanistic 
relevance to the species of interest of the NAMs should be considered based on the quality of the 
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available data. Realistically, in many cases those seeking to establish confidence in a NAM need 
to consider the historical use of animal studies and the requirement for comparison to existing 
methods as one important line of evidence. Under many statutory and regulatory requirements, 
information derived from NAMs must not be less protective than existing methods. Ideally, the 
method will be more predictive, and may allow for more rapid and comprehensive generation of 
relevant data across many chemicals where data may otherwise be scarce or absent, thereby 
engendering confidence among regulators and stakeholder communities. There may be specific 
COUs that allow for exceptions to this rule; however, acceptance of such NAMs as qualified 
methods will be subject to the specific requirements of the relevant agency or regulatory body. 
The extent of such comparisons may vary depending on the quantity and quality of the available 
data and the depth of understanding of relevance to the species of interest, of both the NAM and 
the reference method. When the NAM performance is assessed based on the reference animal 
test method, the amount of acceptable variance in the NAM must be considered relative to the 
variance observed in the in vivo data and based on the intended COU. 

3.3 Technical Characterization 

Technical characterization is a key component of developing NAMs for widespread use. It 
includes an assessment of sources of variability in the NAM, designing the assay to include 
relevant control measurements, evaluating the range of test substances for which the assay can be 
used (i.e., the applicability domain), and developing a suitable statistical data analysis approach. 
A key aspect of demonstrating the scientific validity of a NAM is that the assay is sufficiently 
well-characterized from a technical perspective to ensure that it is robust, reliable, and 
reproducible. The NAM includes both the test system itself and the method of quantification of 
the endpoint. There are aspects of technical characterization that overlap with previous key 
concepts such as biological relevance, which informs the selection of reference compounds for 
different purposes (Table 4). Examining the performance of a NAM against a well-defined set of 
biological endpoint reference compounds with relevant bioactivities has already been presented 
(Section 3.2.2), so this section will focus on technical aspects such as quality tools (Ishikawa, 
1985), method development, documentation, and standards. 

3.3.1 Incorporation of Selected Quality Tools 

Overall, the technical characterization of NAMs fits into a framework with overarching steps 
(Figure 2): 1) initial vetting of the scientific relevance of the NAM, 2) conceptual evaluation, 3) 
within-laboratory evaluation, 4) statistical data analysis and reporting, and 5) interlaboratory 
evaluation (if needed1). Results from steps 2 through 5 are interrelated, with results from each 
step potentially impacting all the others. For example, results from interlaboratory testing could 
reveal that additional intra-laboratory testing should be performed or that the protocol needs to 
be revised to include a new control measurement. 

 

1 There could be examples of methods for which interlaboratory evaluation is not needed or not feasible, such as 
large scale roboticized high-throughput screening assays and machine learning-based in silico approaches. 
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Figure 2. Framework for developing robust NAMs. Solid lines indicate steps that should be 
taken in the suggested order. Dotted lines indicate a direction that can be taken, if necessary, to 
reevaluate any of the previous steps. Adapted and reprinted with permission from Petersen et al. 
(2022b). 

The initial vetting step includes an evaluation of the biological relevance of an assay, its potential 
COU, and the potential to reach a sufficient level of technical quality. If the NAM lacks a clear 
COU or biological relevance or has significant technical quality issues that potentially cannot be 
resolved, the NAM may not be suitable for regulatory use. In the conceptual evaluation phase, 
the NAM is reviewed to assess expected sources of variability and design control measurements. 
In the intra-laboratory evaluation, experiments can be performed to assess the robustness of the 
assay, establish a typical range for the control measurements (e.g., negative, vehicle, and positive 
controls), and identify if there are interactions between control measurements and the test result. 
Information from the conceptual evaluation and the intra-laboratory evaluation enable design of 
a statistical model to evaluate the mean assay result, characterize variability, and establish 
criteria for a positive or negative response and the statistical confidence for this determination. 

Lastly, it may be necessary for some NAMs to undergo an assessment of transferability through 
interlaboratory testing. Interlaboratory testing can potentially reveal steps in a protocol that are 
interpreted differently among laboratories and revisions that can be made to improve the NAM’s 
technical quality. Transferability studies can also identify issues that arise from differences in 
technical implementation or execution of a protocol (e.g., pipetting in one lab vs. automation in 
another) that necessitate changes. 

Table 5 lists several quality tools that can be helpful in technical characterization of a NAM. A 
more detailed treatment of this topic is available in Petersen et al. (2022b). Some of the 
information generated from these tools may remain internal with the test method developer, 
while other information may be requested to support agency review. 
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Table 5. Quality Tools Often Used in Technical Characterization of NAMs* 

Quality Tool  Description Benefit/Utility  

Flowcharts Diagram every step in a protocol. Optimize identification and 
coverage of protocol steps that can 
be monitored by control 
measurements.  

Cause-and-Effect 
Analysis 

Review literature and assay 
background; diagram all expected 
sources of variability. 

Identify key sources of variability 
and aspects of a method that may 
be challenging to standardize. 
Guides robustness testing and 
selection of control measurements.  

Control Charts Control measurements to assess 
technical performance, including 
one-time preliminary experiments, 
periodic measurements at a 
predetermined frequency, and in-
process control measurements made 
each time the assay is performed. 
Control charts monitor control 
measurements across time. 

Test for potential biases, evaluate 
instrument performance and 
calibration, and measure key 
sources of variability across time 
and among experiments. 

Check Sheets Record key data, metadata, and 
control measurements. 

Monitor in-process control 
measurements and support 
troubleshooting when issues arise, 
support data analysis and 
reproducibility.  

Scatterplots Plot all data from control 
measurements and test substance 
results. 

Assess if there is an interaction 
between different in-process control 
measurements or between those 
control measurements and test 
substance results. 

*Details and examples can be found in Appendix B. 

3.3.2 Best Practices for Quality Control 

This section describes technical factors that federal agencies may consider as best practices for 
the evaluation of NAMs, including DAs and Integrated Approaches to Testing and Assessment 
(IATAs). Factors listed here may or may not apply to all NAMs. Furthermore, other factors not 
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listed in the guidance, such as additional information or testing, may be needed by an agency 
when evaluating the NAM. Developers and/or sponsors are encouraged to communicate directly 
with the federal agency to which they intend to submit methods or data to determine additional 
factors that may be necessary for review. 

A submission of a NAM for regulatory evaluation should include a description of any intra-
laboratory or interlaboratory studies, if conducted. It should state whether the NAM was 
compared to a reference method: another NAM, in vivo animal data, or human data. Information 
on the reference method being used for comparison (i.e., reference data set) may also be needed 
during evaluation. Evaluation of a NAM can be accomplished via several different processes and 
involves documenting, using specific laboratory investigations, that the performance 
characteristics of a method are suitable and reliable for the intended application(s). The 
acceptability of data relates directly to the criteria used to evaluate the method. 

In addition to serving to document the performance and characterize the applicability of the 
NAM, good scientific, technical, and quality practices ensure that the overall evaluation process 
is efficient and effective, leading to increased confidence in the proposed method. Developers 
should retain all information necessary to calibrate, operate, and maintain any equipment, such as 
equipment and software manuals, quality and safety confirmation certificates and warranties, 
documentation of software versions, modeling algorithms, curated databases, and training sets. 
Developers should also maintain documentation of suppliers for materials, cells, and reagents if 
this information is relevant for evaluation of a NAM (discussed in detail in Section 3.3.3). For 
further details on quality practices, equipment procedures, and documentation to retain, see the 
OECD Guidance Document on Good In Vitro Method Practices (GIVIMP; OECD, 2018). An 
Installation Quality/Operation Quality/Performance Quality (IQ/OQ/PQ) report for each 
instrument used is recommended and is required if the studies are intended to be Good 
Laboratory Practice (GLP)-compliant. 

3.3.2.1 Relevant Information for Cell/Tissue Methods 

Documentation of the origins of cells and tissues used in any test method should be maintained. 
Information retained for review should ideally include (but not limited to): 

• Ethical, legal and safety considerations 
• Species / strain / sex 
• Demographic information (if relevant) 
• Source / supplier 
• Number of donors 
• Organ / tissue of origin 
• Cell type(s) isolated 
• Sequences of engineered molecular targets, where applicable 
• Isolation technique and date 
• Biosafety classification 
• Cell line identification and authentication 
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• Serological testing for infectious agents (e.g., mycoplasma testing) 
• Number of cell culture passages/population doubling 
• Doubling time 
• Genetic stability 
• Genetic and protein expression information (if relevant) 
• Pretreatment 

For more detailed information, see the GD on Good Cell and Tissue Culture Practice 2.0 (Pamies 
et al., 2022) and the OECD GIVIMP document (OECD, 2018). 

Documentation about quarantine of new cells and tissues in proper storage conditions in the 
laboratory prior to use in testing should be provided. Assays utilizing live cells or tissues should 
include a cell viability assay. 

Records and documentation for the performance of all laboratory equipment (plate readers, 
incubators, refrigerators/freezers, etc.) should be maintained by all participating laboratories. 

Registering cells in cell banks can help with traceability and long-term availability. The cell 
banks should include documentation of cell density and cell passage number. Records of reagent 
preparation should be maintained (e.g., using check sheets to track any reagent or consumable 
used). This is also relevant to in vitro methods not using cells/tissues. Some examples are (but 
not limited to): 

• Supplier 
• Catalog number 
• Batch / lot numbers 
• Dates of preparation 
• Expiration dates 
• Analyst name 

The sponsor or developer of the study should provide all safety information as it pertains to the 
method or methodology being developed, as well as all relevant regulations for the use, 
transport, and disposal of all hazardous materials. 

3.3.2.2 Assessing the Analytical Method Used in the NAM 

The developer should provide data that clearly demonstrates the substance detected or quantified 
is the intended chemical or analyte of interest. Table 6 lists and describes best quality control 
practices relating to analytical methods. 
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Table 6. Analytical Method Assessment* 

Analytical 
Method 
Assessment 

Description Benefit/Utility  

Limits of 
Detection and 
Quantification 

The lowest quantity or concentration of 
an analyte that can be reliably detected 
or quantified above the reagent blank or 
within the standard curve. The highest 
concentration on the standard curve 
determines the upper limit of 
quantification. 

Establish the range of an 
analytical method. 

Identification of 
Interference  

Identifies when components of the 
method falsely alter the detected signal. 

Determines if there are 
interactions between method 
components and prevents 
reporting of artifactual results. 

Assessing 
Analytical 
Precision 

Characterizes precision of the analytical 
method used and any other tests of 
precision, such as those assessing 
performance variability when different 
personnel use the proposed method or 
when different instrumentation is used 
for the method. This can be evaluated by 
interlaboratory comparison studies. 

Builds confidence in the 
reliability of the analytical 
method and evaluates sources of 
laboratory variability.  

Stability of 
Materials Used 
in NAMs 

The ability of materials used in the 
NAM (e.g., test substances, testing 
apparatus, exposure system, reagents, 
and analytes) to produce similar and 
acceptable results over a period of time 
in a given environment. 

Characterizes method materials 
and ensures reliable data is 
consistently obtained for a 
particular method. 
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Analytical 
Method 
Assessment 

Description Benefit/Utility  

Robustness 
Testing 

Tests the ability of a method to be 
reproduced under different conditions or 
circumstances without the occurrence of 
unexpected differences in the obtained 
results. 

Determines the range of 
parameters in which the assay 
works acceptably. 

Analysis of 
Recovery 

Tests an extraction method by 
comparing the results of the extracted 
samples with those of spiked samples of 
a similar matrix and/or spiked blanks. 

Verifies the efficiency and 
reproducibility of an extraction 
method. 

Technical 
Analysis of the 
Applicability 
Domain 

Obtains adequate test method data for 
chemicals and/or products 
representative of those relevant to the 
specific COU for which the test is 
proposed and clearly describe the 
physicochemical properties of the 
applicability domain. 

Reduces uncertainty regarding 
the assay performance for use 
with different chemicals and/or 
products and provides methods 
and criteria for determining 
when a chemical is within the 
applicability domain. 

Positive Control Identify positive control compound(s) 
relevant to the endpoint and within the 
detection window of the assay. 

Provides a consistent and 
trustworthy basis for comparison 
for test substance results. 

Reference 
Standards for 
Instrument 
Calibration 

Used to calibrate instruments using 
calibration standards and/or quality 
control samples. 

Ensures reliable measurements 
and identifies potential sources 
of uncertainty.  

Setting 
Specifications 

Set specifications for in-process control 
measurements based on intra-laboratory 
and/or interlaboratory test results using 
a statistical approach. 

Ensures sufficiently stringent 
criteria for control measurements 
leading to robust test substance 
results and lack of bias. 

*Details and examples can be found in Appendix C. 
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3.3.2.3 Assessing Accuracy and/or Concordance of the NAM with Performance 
Standards 

Accuracy and concordance are very similar in definition and are often considered to be 
interchangeable depending on the context in a given document or passage. Concordance is often 
defined as the comparison of two methods or tests based on the results obtained, while accuracy 
is often defined as the comparison of a method or test to a reference method or test result. An 
assessment of accuracy and/or concordance is often used in the statistical evaluation of test 
methods and associated data. In this context, accuracy is defined as the proportion of correct 
predictions among the total number of results. Other statistical parameters used when discussing 
the accuracy or concordance of methods include sensitivity, specificity, positive and negative 
predictivity, and false positive and false negative rates. 

Whenever possible, well-defined performance standards (e.g., a balanced set of reference 
substances known to yield positive and negative results) can be used to check response and 
method validity. Quantitative measures of concordance (i.e., sensitivity, specificity, positive and 
negative predictivity, false positive, and negative rates) should be reported. When comparing a 
proposed test method to that of a method with established performance standards (e.g., “me-too” 
methods for OECD test guidelines [TGs]) that produces functionally and mechanistically similar 
data, the concordance (including discordant data) of both methods should be evaluated against 
one another and against a reference method. 

3.3.2.4 Standard Operating Procedures and Method Details 

It is recommended that the proposed test method have well-documented standard operating 
procedures (SOPs) to support consistent performance of the method and related laboratory 
activities such as test system handling and equipment calibration. SOPs should cover all aspects 
of testing and analysis. The SOPs should include: 

• Accountability systems that ensure integrity of test articles (e.g., record keeping, 
security, and chain-of-sample custody). 

• Sample preparation and analytical tools, such as methods, reagents (including, when 
applicable, the manufacturer, catalog number, lot number, etc.), equipment, and 
instrumentation. 

• Procedures for quality control and verification of results. 
• Method details, including complete product description and formulation, exposure 

system, test substance volume/weight/solubility/dosing protocol, and appropriate 
exposure/dose range. 

The submitting party should also provide a list of operating characteristics and operational 
criteria for judging test performance and results. Operational information and criteria for the 
technical systems that comprise the NAM may vary, but the criteria could include quality control 
charts or other performance standards for all controls, standards, exposures (dose and duration), 
and experimental groups. A description of the statistical methods used to assess the data should 
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be included. In addition, developers should describe how experimental uncertainty, statistical 
uncertainty, interference, and background were assessed. 

3.3.3 Documentation 

This section describes best practices for the documentation of NAMs (including DAs and 
IATAs). Factors listed here may or may not apply to all NAMs. Furthermore, additional 
documentation may be needed by an agency to evaluate the NAM. Developers and/or sponsors 
are encouraged to communicate directly with the federal agency to which they intend to submit 
methods or data to ascertain additional factors that may be necessary for review. For some 
agencies, independent peer review of the NAM and associated data may be needed prior to 
agency review. 

For new methods, documentation should include a description of the proposed test method and 
how it may be relevant for regulatory purposes or would fit into a specific COU. Relevant 
information would include (but not be limited to) any mechanistic information and biological 
relevance of the test method and any proposed COU (e.g., applied to risk assessment). Human or 
appropriate taxa applicability domains should be included in the documentation. Other important 
aspects for documentation are detailed below. 

Additional resources are available that provide guidance on documentation. For in vitro methods, 
developers can consult the OECD GIVIMP document (OECD, 2018). 

3.3.3.1 Test Substance Identity and Purity 

For all substances tested in the NAM (e.g., controls, reference compounds, other test substances), 
at a minimum, the substance(s) identity, ideally a unique identifier (e.g., CASRN, SMILES, 
InChIKey), and information on purity of the substance as provided by the supplier should be 
reported. If the laboratory has the necessary capabilities, there is added benefit in performing 
additional quality control measures using analytical methods to assess the purity and identity of 
the substance. The ability to collect this information may also depend on the COU, as some test 
substances (e.g., environmental samples that represent complex mixtures with unknown or 
variable composition) may not be well-characterized. 

3.3.3.2 Method Development 

A specific, detailed, written description of the method should be developed based on data 
produced from that method. This can be in the form of a protocol, study plan, report, and/or SOP. 
Each step in the method should be investigated to determine the extent to which environmental, 
matrix, or procedural variables could affect the detection and/or quantification of the analytes. 

During development close attention should be given to factors such as: 

• Reagent selection (with appropriate biological relevance, specificity, and stability). 
• Detection method or instrumentation (i.e., performance and calibration procedures 

readily available). 
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• Compatibility of disposables (i.e., microtiter plates and other plastics) with the assay 
measurements and test substances. 

• Analysis method / statistical method. 
• Steps or processes that could introduce assay variability. 

Appropriate steps should be taken to minimize external or matrix effects (or at least characterize 
those effects) throughout the application of the method, especially if compounds, matrix, or 
equipment used during development are different from those used during technical 
characterization of the method. 

3.3.3.3 Endpoint and Parameter Measurements 

Measurements of each endpoint or analyte should be well tested and documented. Method 
development for a novel NAM should include demonstration that the method can successfully 
measure all relevant parameters. Relevant metadata for each experiment should be captured and 
recorded to link quantitative data to qualitative information, such as experimental conditions or 
test chemical and concentration, and to track external factors (such as the date or technician 
conducting the experiment) that may contribute to assay variation or batch effects. These data 
and metadata should be exported and saved in an accessible format so that they can be referenced 
during independent reviews of the validation. This topic is also discussed in the sections in 
Appendix B on control charting and check sheets. 

3.3.3.4 Limits of Use 

The specific strengths and limitations of the test method should be clearly identified and 
described. Any potential sources of interference should be listed, and any chemicals or classes of 
chemicals with the potential to interfere with the test should be identified. The documentation 
should also identify any known limits on what materials can be tested using the NAM. 

3.3.3.5 Well-Defined Endpoint 

Data generated by the test method should adequately measure or predict the endpoint of interest, 
and that endpoint should be clearly defined with an explanation of biological relevance as 
described in Section 3.2. An example of this would be a NAM that provides information about a 
specific key event in an AOP. The data should also describe any linkage between the new test 
method and an existing test method or between the new test method and effects in the target 
species. Criteria for a positive, negative, or inconclusive result in the NAM should be clearly 
defined and assessed over time to ensure stability of the system. 

3.3.3.6 Building a Statistical Model 

Statistical models can be built using data from the intra-laboratory testing. These models can be 
built using either Bayesian or frequentist statistical approaches. Histograms can be used to assess 
the distribution of data obtained for in-process control measurements and to evaluate what type 
of distribution (e.g., normal distribution) fits the data (see Petersen et al., 2022b for details). It is 
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helpful to develop models to calculate cumulative variability of the NAM from measurements of 
both test substances and in-process control measurements instead of only using data on 
variability from the test substances. This information can be used to build a statistical model that 
can yield a decision (e.g., is the test substance positive or negative) and the statistical confidence 
for that decision. A simple comparison of the mean value from a test substance assessment to a 
threshold does not consider the variability of the test results and cannot provide statistical 
confidence for the decision. 

One key concern when developing statistical models for NAMs is how to differentiate between 
“negative” and “weakly positive” results. The threshold for the statistical model can be informed 
by in vivo data when available (Friedman et al., 2023; Karmaus et al., 2022; Pham et al., 2020). 
This may require repeated testing of “borderline” compounds to assess the NAM reproducibility; 
see for example Guideline 497 (OECD, 2021a). For example, a statistical model evaluating a 
dose-response relationship may be used to assess the point of departure or the concentration that 
causes a defined effect (e.g., EC50 value) and associated data-driven confidence intervals around 
those values. It may also be relevant to evaluate the quality of a NAM using statistical 
approaches such as a T-test, Z-factor, or other appropriate statistical criteria (Zhang et al., 1999; 
Zhang, 2011). 

3.3.3.7 Reproducibility of the Assay Results 

Documentation of technical reproducibility should be included with the information submitted, 
where applicable. The reproducibility of the method can be assessed by replicate measurements, 
including quality controls and samples. This assessment should include discussion of the 
rationale for the selection of the substances used to evaluate reproducibility (possibly in any 
intra- and interlaboratory studies conducted), and the extent to which they represent the range of 
possible test outcomes. Outlier values should be identified and discussed. A quantitative 
statistical analysis of the extent of any intra- and/or interlaboratory variability or coefficient of 
variation analysis should be included. Measures of central tendency and variation should be 
summarized for historical control data (negative, positive, and vehicle where applicable). When 
testing the same compound(s) multiple times, comparisons can be quantitative (e.g., EC50 values 
obtained) or qualitative (e.g., hazard classification). In cases where the proposed test method is 
mechanistically and functionally similar to an established test method with existing performance 
standards (e.g., from an OECD TG), the reliability of the two test methods should be compared 
and the potential impact of any differences discussed. 

3.3.3.8 Data Interpretation Procedure 

The data interpretation procedure, including criteria for positive and negative responses, should 
be clearly described for each NAM. Combining NAMs into DAs requires fixed data 
interpretation procedures that are objective and do not include expert judgment, ensuring that 
they will result in the same outcome when applied by different groups (OECD, 2017). Use of 
computational algorithms, e.g., machine learning models, and software (including version 
number) should be well-documented to ensure reproducibility of the conclusions. 
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3.4 Data Integrity 

Data integrity is a key aspect of ensuring that information derived from NAMs is trustworthy and 
reliable. Method developers are advised to conduct an internal evaluation of the processes used 
for the acquisition, transferring, and processing of raw data before those data are submitted to 
external, independent parties for assessment and peer review to ensure data integrity and 
credibility of results. Studies should be conducted to the extent possible according to principles 
of GLP (21 CFR § 58; 40 CFR § 160; 40 CFR § 792; OECD, 1998), where required. 
Furthermore, evaluating bodies, such as the National Toxicology Program Interagency Center for 
the Evaluation of Alternative Toxicological Methods (NICEATM) can facilitate assessments of 
the quality and integrity of the development process of the NAM (NIEHS, 2023b). Other 
resources are available that provide guidance on maximizing data integrity. For in vitro methods, 
developers can consult the OECD GIVIMP document (OECD, 2018). For digital tools and 
management of digital data, developers can follow the “FAIR Guiding Principles for scientific 
data management and stewardship,” published in 2016 (Wilkinson et al., 2016). 

3.5 Information Transparency 

Transparency facilitates trust in the use of NAMs and thereby hastens the pace of an agency’s 
regulatory decision-making process and potential regulatory acceptance or qualification. A 
NAM’s relevance to the species, COU, and technical characterization should be transparently 
communicated to peer reviewers, the scientific community, and to the public. Where appropriate, 
peer-reviewed articles and information describing the COU, biological relevance, and technical 
characterization of the NAM should be published in open-access journals and/or summarized in 
public-facing regulatory documents. Ideally, the principles of the NAM, the protocol, raw data 
files and scripts used to analyze and graph data, and the reporting standards should be 
communicated publicly. For NAMs that contain intellectual property, the OECD provides tools 
to maintain transparency, including reasonable and non-discriminatory terms for licensing 
commitments (OECD, 2021b). The use of proprietary or patented techniques or equipment in a 
method can potentially be used to fulfill regulatory testing needs. For some agencies, there may 
be a need for the NAM developer to convey proprietary or patented information to support 
regulatory acceptance or qualification; agency-specific guidance can direct test method 
developers about the agency’s information needs. 

Partners within the International Cooperation on Alternative Test Methods (ICATM; NIEHS, 
2023c) publish information on NAM assessment and peer review via the Tracking System for 
Alternative methods towards Regulatory acceptance (TSAR) (EURL ECVAM, 2021). TSAR 
indicates the stages NAMs have reached in terms of acceptance as a recognized standard for use 
in a regulatory context together with a summary description and accepted protocol(s) or SOP(s). 
Where available, TSAR also includes relevant records and documents associated with a NAM 
linked to the different steps of the entire process: submission, validation, peer review, 
recommendations and regulatory acceptance or qualification. How to interpret the data that a 
NAM generates, and associated acceptance criteria, should be clearly communicated so that end 
users understand the process and can apply it in a practical setting. 
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3.6 Independent Review 

Information and data supporting the NAM’s COU, biological relevance, and technical 
characterization may be scientifically reviewed by independent third parties (whose members do 
not have conflicts of interest); however, the necessary level of review will depend on each 
agency’s regulations and policy. 

Evaluation of a NAM can be accomplished via several different processes and involves 
documenting the performance characteristics of a method to determine whether they are suitable 
and reliable for the intended application(s). A method’s reliability often includes (but is not 
limited to) reproducibility, repeatability, and robustness. However, there may be additional 
information not listed in this report that may be necessary for the review of some methods. In 
addition to the performance and applicability of the NAM, good scientific, technical, and quality 
practices ensure that the independent review process is efficient and effective and leads to 
increased confidence in the proposed method. Laboratories should retain all information relevant 
for evaluation of a NAM, such as information necessary to operate and maintain the equipment 
used in the conduct of a NAM (e.g., equipment and software manuals and quality and safety 
conformation certificates), as well as documentation of suppliers for materials, cells, and 
reagents. For studies intended to be GLP-compliant, an IQ/OQ/PQ report for each instrument 
used may also be relevant. For non-GLP studies, documentation of proper installation and testing 
to show equipment performs as intended should be retained. 

Raw data from and information describing the NAM should be accessible for review by 
independent third parties and/or regulatory agency decision-makers. The assessment and 
independent peer review of NAMs may be organized by validation bodies, such as NICEATM, 
the European Union Reference Laboratory for Alternatives to Animal Testing (EURL ECVAM) 
and its Scientific Advisory Committee, and the Japanese Center for the Validation of Alternative 
Methods (JaCVAM). Other bodies or international organizations that can independently review 
NAMs include the U.S. Federal Insecticide, Fungicide, and Rodenticide Act Scientific Advisory 
Panel, the European Food Safety Authority Scientific Committee, and OECD. Alternatively, the 
developer can fund (but not directly lead management of) an independent review of the method. 
Peer-reviewed publications are useful for sharing assay information with the scientific 
community and can supplement a more formal review by independent third parties to support 
acceptance and use of the method in a regulatory context. 

The extent of independent review will vary depending on the COU, the regulatory framework, 
and the specific method being evaluated. Some of the information sent by the developer for 
independent review would include records from any intra- or interlaboratory studies, including 
whether the NAM was compared to another NAM, in vivo animal, or human data. These 
evaluations can potentially assist in the interlaboratory transferability of the NAM. 
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4.0 U.S. Federal Agency Acceptance of NAMs 
4.1 Understanding Regulatory Needs and Decision Contexts 

Federal agencies have different authorities to request, obtain, and use toxicology data. These 
differ according to statute, regulations, and product category. A NAM may be useful and 
adequate in some statutory or regulatory contexts but not in others. Consequently, developers 
and users of a NAM must consider the context in which it will be used. Some potential contexts 
would include but are not limited to DAs, IATAs, or standalone methods. 

Whether a NAM will be acceptable for a regulatory or other purpose depends on the nature of 
the decision to be made, the adequacy of the NAM for its intended use, and the extent to which 
the regulatory submission depends on the NAM results to support safety, efficacy, and/or risk 
determination(s). A NAM with high sensitivity and low specificity that identifies a signal of 
concern may be useful for applications in which a large number of compounds will be screened 
to prioritize further assessments. Such a NAM may be of limited utility when deciding what dose 
of a single compound is safe for exposure. In some cases, agencies might look for signals of 
concern in data-poor situations (hazard identification). In other cases, agencies may need to 
make more quantitative decisions about compounds (risk assessment) and may be unwilling to 
accept a high level of uncertainty in outputs from NAMs that are used to inform those decisions. 
The implementation of performance characteristics should reflect how the NAM will be used and 
be individualized to each NAM and its COU. 

To facilitate this process some agencies may want to evaluate NAMs prior to their use in a 
regulatory decision-making process. The evaluation will likely focus on the NAM having a well-
defined COU. One of the purposes of the evaluation is to enable regulators to apply the results 
generated using the NAM without needing to re-review all of the underlying supporting data for 
the NAM (see documents cited in Table 1). 

4.2 Context of Use Considerations 

The purpose of the NAM should be clearly communicated (e.g., hazard identification, potency 
evaluation, point of departure for quantitative risk assessment etc.), and the NAM should be 
assessed based on that purpose. It is appropriate to focus application of a newly developed NAM 
on a single COU. However, additional COUs can be added at later times with appropriate 
supporting data. A COU generally needs to be focused on a particular regulatory need. Initial 
efforts at qualifying a NAM may be most successful if the COU is narrow. A COU could be 
expanded with additional data as appropriate. Regulatory needs differ across agencies so a COU 
for a particular NAM might also differ. Establishing an appropriate COU for a proposed NAM 
prior to conducting a full qualification effort is essential. 

Determination of an appropriate COU should generally be discussed between the NAM 
developer and the agency(ies) for which the COU is relevant. Several iterations of a COU may 
be necessary before an acceptable one is defined. A COU may even change during collection of 
data as the applicability and limitations of a NAM are further defined. 
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4.3 Evolution of Confidence Based on Experience Gained 

Incorporation of a NAM into regulatory use requires sufficient confidence in the method by 
regulators and the regulated industry. Validation and qualification support this confidence but 
may not be sufficient to ensure implementation. Education about and experience with a NAM are 
generally necessary before a NAM will meet widespread acceptance for its purpose. Cost, 
complexity, availability of reagents and staff trained in the conduct and interpretation of a NAM 
are some factors that can limit the adoption of a NAM even if validation and qualification data 
are available. 

The performance of a NAM intended to supplement or replace an existing approach will 
generally need to be compared to the existing approach. There is often high confidence in 
existing approaches with which there is substantial experience. These existing approaches may 
not have undergone formal validation but repeated successful use of the existing approach along 
with assumed inherent validity of testing in animals often builds substantial confidence in the 
approach. Users need to know that a NAM will be as good or better than existing approaches 
when using the results to make decisions about safety. Varying levels of uncertainty may be 
acceptable for different COUs, with increasing confidence needed as one progresses through 
prioritization and screening to hazard characterization to risk assessment, for example. 

One mechanism to build confidence in a NAM is for users to provide data from a NAM in 
parallel with data from the existing method that the NAM is intended to replace or supplement. 
Voluntary sharing of information on NAMs within and across industries can help establish a 
sufficiently large body of data to support confidence in the methods. In time, agencies and 
industry may see how the NAM can fit into the existing assessment paradigms without 
compromising safety standards. 

5.0 U.S. and International Harmonization 

Coordination among U.S. federal agencies and more broadly with international regulatory 
authorities will help ensure harmonization of approaches to validate NAMs and support their 
application and implementation. ICCVAM and NICEATM play important roles in facilitating 
communication and collaboration, both domestically and globally. 

5.1 U.S. Harmonization: Role of ICCVAM and NICEATM 

The ICCVAM Authorization Act outlines the following purposes of ICCVAM (42 U.S.C 285l-3, 
2000; NIEHS, 2023d): 

• Increase the efficiency and effectiveness of U.S. federal agency test method review. 
• Eliminate unnecessary duplication of effort and share experience among U.S. federal 

regulatory agencies. 
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o This is accomplished via several means, such as monthly meetings, workgroups, 
open public meetings (Public Forum) and scientific advisory groups (Scientific 
Advisory Committee on Alternative Toxicological Methods). 

• Optimize utilization of scientific expertise outside the U.S. Federal Government. 
o This is often accomplished by setting up meetings and workshops with ICATM 

partners as well as with numerous scientists at conferences. 
• Ensure that new and revised test methods are validated to meet the needs of U.S. federal 

agencies. 
o Federal agency scientists and regulators cooperate with developers to ensure that 

the methods being produced will address a regulatory need. 
• Reduce, refine, or replace the use of animals in testing where feasible. 

ICCVAM facilitates interagency and international collaborations promoting the development, 
regulatory acceptance or qualification, and use of alternative tests that encourage the reduction, 
refinement, or replacement of animal test methods. ICCVAM provides guidance to test method 
developers, evaluates recommendations from expert peer reviews of alternative toxicological test 
methods, and makes recommendations on the use of reviewed test methods to appropriate federal 
agencies. ICCVAM achieves its functions through ad hoc technical workgroups, managed by 
NICEATM, to perform specific tasks important for the development or validation of alternatives 
to animal testing. One such ongoing example is ICCVAM’s support in coordinating an 
interlaboratory prevalidation study for a NAM developed by EPA based on an in vitro human 
thyroid microtissue assay for chemical screening (Deisenroth et al., 2020). 

NICEATM, an office within the National Institute of Environmental Health Sciences (NIEHS) 
Division of Translational Toxicology, provides technical, scientific, and operational support for 
ICCVAM and ICCVAM workgroup activities, peer review panels, expert panels, workshops, 
and validation efforts. In addition to supporting ICCVAM, NICEATM: 

• Conducts test method analyses and evaluations and coordinates independent validation 
studies on novel and high-priority alternative testing approaches. 

• Provides information to test method developers, regulators, and regulated industry 
through the NICEATM website, the Integrated Chemical Environment, and workshops 
on topics of interest. 

• Supports activities of the NIEHS Division of Translational Toxicology, especially those 
contributing to the U.S. government’s interagency Toxicology in the 21st Century 
(Tox21) consortium. 

The forum for interagency communication provided by ICCVAM and the support provided by 
NICEATM serve to ensure that limited resources are being leveraged effectively to coordinate 
U.S. federal agency efforts to validate and qualify NAMs for regulatory application. 

5.2 U.S. Harmonization: Additional Federal Collaborations to Advance 3Rs 

U.S. federal agencies collaborate on NAMs in many ways in addition to their participation in 
ICCVAM. For example, Tox21 (Tox21, n.d.) is a federal collaboration among EPA, the NIEHS 
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Division of Translational Toxicology, the National Center for Advancing Translational Sciences 
(NCATS) within the National Institutes of Health, and FDA. The goal of Tox21 is to develop 
better toxicity assessment methods to efficiently test whether certain chemical compounds may 
have the potential to disrupt biological processes in the human body and lead to negative health 
effects. Tox21 has produced a number of seminal publications and analyses that have been put 
into regulatory use, for example in the EPA’s Endocrine Disruptor Screening Program (EPA, 
2023). NICEATM and EPA have also worked closely on multiple studies to reduce or replace 
the use of animals in regulatory testing. This includes retrospective analyses to eliminate the use 
of animals for: 1) dermal acute toxicity to pesticides and pesticide formulations (EPA, 2020); 2) 
determining if using in vitro data alone will suffice for dermal absorption factor derivation for 
human health risk assessment of pesticides (Allen et al., 2021); and 3) determining if the same 
level of protection of non-target aquatic vertebrates can be achieved with in vivo acute toxicity 
testing on fewer than three fish species (Ceger et al., 2023). FDA also collaborates with NCATS 
to further develop microphysiological system technologies to promote their advancement and 
accelerate translational use (FDA, 2023). 

5.3 International Harmonization 

In addition to the international collaborative efforts facilitated through ICCVAM, U.S. agencies 
independently collaborate internationally to advance the acceptance of NAMs. Examples include 
ICATM, U.S. engagement with the United Nations subcommittee of experts on the Globally 
Harmonized System for Classification and Labelling of Chemicals (GHS), engagement with ICH 
to develop guidances describing the use of NAMs, and participation in the OECD Test 
Guidelines Programme and Working Party on Hazard Assessment. 

ICATM was established as a partnership among validation organizations from the U.S. 
(ICCVAM), Japan (JaCVAM), European Union (EURL ECVAM), and Canada (Environmental 
Health Science and Research Bureau within Health Canada). Other participating organizations 
include the Korean Center for the Validation of Alternative Methods, the Brazilian Center for the 
Validation of Alternative Methods, and the Chinese Food and Drug Administration and 
Guangdong Center for Disease Control and Prevention. The overarching goals of this group have 
been: 

• To establish international cooperation in the critical areas of validation studies, 
independent peer review, and development of harmonized recommendations to ensure 
that alternative methods/strategies are more readily accepted worldwide. 

• To establish international cooperation necessary to ensure that new alternative test 
methods/strategies adopted for regulatory use will provide equivalent or improved 
protection for people, animals, and the environment, while replacing, reducing or 
refining (causing less pain and distress) animal use whenever scientifically feasible. 

Within the United Nations, the GHS subcommittee has established a workgroup to update 
various chapters of the GHS to establish specific criteria for use of NAMs in various hazard 
classes (e.g., skin irritation/corrosion, eye irritation/serious eye damage, skin sensitization). 
These efforts have been fruitful in advancing NAMs on an international level and have 
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established DAs as acceptable methods for hazard determinations. These international efforts are 
important not only in advancing NAMs but also providing expertise to international regions that 
may not have sufficient resources in this area. 

The value of harmonizing approaches to the use of NAMs is also illustrated in the activities of 
the ICH. Several guidances developed by ICH describe the use of alternative methods that are 
considered acceptable approaches by multiple regulatory authorities and industry groups around 
the world. These methods were assessed by expert working groups within the ICH process and 
incorporated into the guidances as appropriate. Examples include the use of in chemico and in 
vitro methods for the assessment of phototoxicity (ICH, 2013). In addition, the ICH guidance on 
reproductive and developmental toxicity includes some contexts of use for alternative assays as 
well as recommendations on the approach to qualify such assays and a list of biological endpoint 
reference compounds (FDA, 2021b). 

The OECD is an international forum for harmonizing regulatory test guidelines and guidance 
documents and is increasingly focused on validation and use of NAMs. ICCVAM plays an 
important role in coordinating and contributing to the U.S. position for the OECD Health Effects 
Test Guidelines Programme. The U.S. National Coordinator represents the United States at the 
annual meeting of the Working Group of National Coordinators and in other test guideline 
development activities. In that role, the U.S. National Coordinator solicits input from relevant 
ICCVAM agencies for OECD TG activities that involve any aspect of the 3Rs. Subject matter 
experts from ICCVAM agencies serve on multiple OECD expert groups to provide scientific 
guidance on the development of OECD products such as test guidelines, DAs, and guidance 
documents. OECD test guidelines are used by stakeholders of the 38 OECD member countries to 
assess chemical safety. The OECD Mutual Acceptance of Data clause ensures that safety data 
generated using an OECD test guideline will be accepted by all the member countries, avoiding 
redundant testing. ICCVAM agencies also contribute to the OECD IATA Case Studies Project, 
which allows countries to share and collaborate on the use of novel methodologies in IATA for 
evaluating chemical safety within a regulatory context. 

6.0 Communication and Training to Encourage Use of NAMs 

Communication from agencies about the acceptability of specific NAMs and training on NAMs 
can facilitate their use. Where appropriate and feasible, agencies could communicate publicly 
when and how a NAM is acceptable, depending on agency-specific rules and policies. For 
example, NAMs may be described in GDs or on publicly available web sites. Regulatory 
agencies can use existing training programs or implement new programs for staff and provide 
publicly available training, when possible, for new methods. Building confidence in new 
approaches can begin even before a NAM is validated or qualified through education of the 
scientific community. These early education efforts can focus on the basic science of the new 
approaches. As approaches mature and data supporting the validity of an approach accumulates, 
the educational efforts can shift to familiarizing the community with these data. Training on 
specific use and interpretation of NAMs can occur when the NAMs have been evaluated for 



Validation, Qualification, and Regulatory Acceptance of NAMs March 2024 

33 

 

particular COUs. Entities such as OECD, ICCVAM, and other validation organizations and 
scientific societies can also provide training and access to information about NAMs that will 
support confidence in their use. 

Interaction between NAM developers, industry users and the regulators can facilitate the 
development and adoption of methods. Such interactions can occur through participation of all 
parties in scientific meetings where such methods are discussed and through more formal 
regulatory interactions according to agency-specific processes. As noted above, development of 
appropriate COUs and qualification data sets can be an iterative process. COUs and applicability 
domains can shift during the development and exploration of a NAM as data accumulate. 
Continued communication between all parties during this process can help assure that an 
appropriate path to acceptance of a NAM is taken. 

Even if a NAM is available for an endpoint and is accepted by a regulatory agency, the sponsor 
of an application may choose to use other approaches such as a traditional animal test, and thus 
the NAM may not always be submitted in a regulatory application. There might be several 
reasons for this that are beyond the control of regulatory authorities. Although a regulatory 
agency can suggest or recommend substituting a NAM or several NAMs for a traditional test, the 
sponsor of a compound may not always be obligated to follow the suggestion. Education and 
familiarity with NAMs among all stakeholders are necessary to build sufficient confidence for 
NAM adoption. 

7.0 Conclusion and Implementation 

This report is intended to assist method developers, regulated industry stakeholders, and federal 
agencies in the development, validation, qualification, and acceptance of scientifically relevant 
NAMs. Here, we have described key concepts that should be considered to allow for efficient 
and timely development of NAMs that are fit-for-purpose, reliable, and provide information 
relevant to the species of interest. All the information may or may not apply to any specific 
method, DA, or IATA. There may also be other concepts that apply to a method, DA, or IATA 
that are not discussed in this report. It is important for developers to work closely with federal 
agencies and end users with an eye toward the intended use of the NAM, particularly for risk 
assessment applications in a regulatory review. Establishing scientific confidence in NAMs and 
validating or qualifying methods for specific purposes and COUs should be iterative processes 
that evolve via multi-directional communication among stakeholders. 

The field of NAMs is an evolving one, and new considerations on NAM validation and 
qualification may emerge that were not anticipated at the time of the writing of this report. 
Consequently, stakeholders engaged in NAM development, validation and qualification may 
need to remain flexible and open to incorporating considerations not described here. This report 
will be updated on a regular basis and as needed. 
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APPENDIX A: GLOSSARY 

DISCLAIMER: This glossary is intended to support the use of terminology within this 
report. The meaning or use of a particular term may vary across regulatory agencies. 

3Rs: Principles of humane experimental technique, specifically regarding the reduction (i.e., 
minimizing the number of animals used), replacement (i.e., use of a lower-order species or non-
animal test), or refinement (i.e., minimizing the pain or distress that research animals might 
endure due to a particular technique) of the use of animals in research and chemical safety 
testing. 

Accuracy: The closeness of agreement between a test method result and an accepted reference 
value. 

Adverse outcome pathway (AOP): A structured representation of sequential events that occur 
at different levels of biological organization resulting in an adverse effect when an organism is 
exposed to a substance. 

Applicability domain: The types of chemicals that can be tested using a method, or the types of 
chemicals for which the results produced by that method are considered acceptable. 

Assay: The experimental system used. Often used interchangeably with “test” and “test method”. 

Balanced accuracy: A statistical metric used to account for an imbalanced data set where one 
“class” appears much more than the other (e.g., higher number of negatives than positives). 
Balanced accuracy is calculated as the arithmetic mean of sensitivity and specificity. 

Biological relevance: A measure of appropriateness for assessing the effects of a chemical 
within the taxa of interest. 

Concordance: The closeness of agreement or consistency between two variables. Concordance 
may be used to qualitatively describe the biological relevance of a NAM compared with the 
reference animal test method and/or human reference data when available. Concordance may 
also be used to quantitatively describe the proportion of all chemicals tested that are correctly 
classified as positive or negative, and the term is often used interchangeably with “accuracy” in 
this context. 

Context of use (COU): A clearly articulated description delineating the manner and purpose of 
use for a particular method, approach, or application. 

Curated database/list: A structured set of well-characterized and reliable information that is 
carefully compiled and maintained. 
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Defined approach (DA): Consists of input data generated with a defined set of information 
sources and a fixed data interpretation procedure to derive a result that can either be used on its 
own or together with other information sources within an IATA to satisfy a specific regulatory 
need. A defined approach to testing and assessment can be used to support the hazard 
identification, hazard characterization, and/or safety assessment of chemicals (OECD, 2017). 

Discordance: The proportion of all chemicals tested incorrectly classified as positive or 
negative. 

Endpoint: The biological or chemical process, response, or effect assessed by a test method. 

False negative: A substance incorrectly identified as negative by a test method relative to the 
specified reference data. 

False positive: A substance incorrectly identified as positive by a test method relative to the 
specified reference data. 

Fit-for-purpose: Matching the type and certainty of information provided by a NAM (or set of 
NAMs) with the type and certainty of information needed for a given decision (EPA, 2021a). 

Good Cell Culture Practice (GCCP): A set of principles developed for practical use in the 
laboratory to ensure the reproducibility of in vitro (cell-based) work and enhance quality of 
scientific data (Pamies et al., 2022). 

Good In Vitro Method Practices (GIVIMP): A comprehensive framework described in the 
OECD Guidance Document on Good In Vitro Method Practices (OECD, 2018) that provides 
recommendations for the development, validation, regulatory acceptance or qualification, and 
use of in vitro methods. 

Good Laboratory Practices (GLP): Regulations promulgated by authorities such as the U.S. 
EPA, U.S. FDA, and OECD that describe record keeping and quality assurance procedures for 
laboratory records that will be the basis for data submissions to national regulatory agencies. 

Hazard: The potential for an adverse or harmful health or ecological effect. 

Hazard classification: Assignment of a chemical or product hazard to a category based on the 
results of a standard test method for a specific toxicity endpoint; most commonly used for 
labeling purposes. 

Hazard identification: That part of risk assessment associated with the determination of 
whether exposure to a particular substance is or might be associated with adverse health or 
ecological effects. 

Integrated Approach to Testing and Assessment (IATA): An approach based on multiple 
information sources used for the hazard identification, hazard characterization and/or safety 
assessment of chemicals (OECD, 2017). 
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Interlaboratory reproducibility: A measure of whether different qualified laboratories using 
the same protocol and test chemicals can produce qualitatively and quantitatively similar results. 
Interlaboratory reproducibility is determined during the prevalidation and validation processes 
and indicates the extent to which a test method can be transferred successfully among 
laboratories. 

Mechanistic relevance: A measure of appropriateness for assessing the biochemical process or 
pathway by which a chemical may exert an effect. 

Negative predictivity: The proportion of correct negative responses relative to the defined 
reference data among substances testing negative by a test method. It is one indicator of test 
method accuracy. Negative predictivity is a function of the specificity of the test method and the 
prevalence of negatives among the substances tested. 

New approach methodology (NAM): A broadly descriptive reference to any technology, 
methodology, approach, or combination thereof that can be used to provide information on 
chemical hazard and risk assessment and that supports replacement, reduction, or refinement of 
animal use (3Rs). 

Performance: The accuracy and reliability characteristics of a test method (see “accuracy”, 
“reliability”). 

Performance standards: Standards, based on a validated test method, that provide a basis for 
evaluating the comparability of a proposed test method that is mechanistically and functionally 
similar. Included are (1) essential test method components; (2) a list of reference chemicals 
selected from among the chemicals used to demonstrate the acceptable performance of the 
validated test method; and (3) the comparable levels of accuracy and reliability, based on what 
was obtained for the validated test method, that the proposed test method should demonstrate 
when evaluated using the minimum list of reference chemicals. 

Positive predictivity: The proportion of correct positive responses among substances testing 
positive relative to the defined reference data by a test method. It is one indicator of test method 
accuracy. Positive predictivity is a function of the sensitivity of the test method and the 
prevalence of positives among the substances tested. 

Potency: A measure of the relative biological or chemical activity of a substance. The potency of 
a single substance can differ for different biological or biochemical effects. 

Precision: The closeness of individual measurements of an analyte after multiple analyses, often 
of a single sample. Precision is often expressed as the coefficient of variation. 

Protocol: The precise step-by-step description of a test method, including the listing of all 
necessary reagents and all criteria and procedures for generating and evaluating test data. 
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Qualification: A conclusion that the results of an assessment using a validated model or assay 
can be relied upon to have a specific interpretation and application in product development and 
regulatory decision-making. 

Quality control: A set of activities or samples used to verify that the quality of the product or 
method is maintained as intended. 

Reference compounds: Chemicals selected for use during the research, development, or 
evaluation of a proposed test method because their response in the reference test method or the 
species of interest is known (see “reference test method”). 

Reference test method: The accepted test method used for regulatory purposes to evaluate the 
potential of a test substance to be hazardous to the species of interest. 

Reliability: A measure of the degree to which a test method can be performed reproducibly 
within and among laboratories over time. It is assessed by calculating intra- and interlaboratory 
reproducibility and intra-laboratory repeatability. 

Repeatability: The consistency of test results obtained when the procedure is performed on the 
same substance under identical conditions within a given time period; “…the closeness of the 
agreement between independent results obtained with the same method on the identical 
subject(s) (or object or test material), under the same conditions” (Slezák and Waczulíková, 
2011). 

Reproducibility: The consistency of individual test results obtained using the same test protocol 
and test samples; “…the closeness of the agreement between independent results obtained with 
the same method on the identical subject(s) (or object, or test material), but under different 
conditions (different observers, laboratories etc.)” (Slezák and Waczulíková, 2011). 

Recovery: A quantitative method of verifying the efficiency and reproducibility of an extraction 
method by comparing the results of the extracted samples with those of spiked samples of a 
similar matrix and/or spiked blanks. 

Risk assessment: Evaluation of the potential adverse health and environmental effects to a target 
species from exposures to exogenous agents. 

Robustness: The ability of a method to be reproduced under different conditions or 
circumstances, without the occurrence of unexpected differences in the obtained results. 

Sensitivity: The proportion of all positive chemicals that are classified correctly as positive in a 
test method. Sensitivity may also be defined in the context of detection limits as the lowest 
analyte concentration that can be measured with acceptable accuracy and/or precision. 

Specificity: The proportion of all negative chemicals that are classified correctly as negative in a 
test method. It is a measure of test method accuracy. This word is also used to describe the 
ability of an analytical method to detect a specific analyte. 
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Stability: The ability of a test material (e.g., test substance, testing apparatus, reagent, or analyte) 
to produce similar and acceptable results over a period of time in a given environment. 

Standard curve: A quantitative method of plotting assay data to determine the concentration of 
a substance in an unknown sample by comparing the unknown to a standard sample of known 
concentration (often using the positive control material). 

Standard operating procedures (SOPs): Formal, written procedures that describe how specific 
laboratory operations are to be performed. These are required by GLP guidelines. 

Target organ: The organ for which information on the potential toxicity of a chemical is sought. 

Target species: The species for which information on the potential toxicity of a chemical is 
sought. 

Test: The experimental system used; used interchangeably with “test method” and “assay”. 

Test method: A process or procedure used to obtain information on the characteristics of a 
substance or agent. Toxicological test methods generate information regarding the ability of a 
substance or agent to produce a specified biological effect under specified conditions. Used 
interchangeably with “test” and “assay”. See also “validated test method” and “reference test 
method”. 

Test method developer: The organization or individual that initially devises a test method and 
ensures its reproducibility and suitability for the intended use. 

Test method sponsor: The organization or individual that puts forward a test method 
submission for consideration; may also be the same organization or individual as the test method 
developer. 

Test method submission: Compendium of supporting documentation for a test method that is 
proposed for a regulatory or other defined application. A test method submission generally 
includes records of validation studies that have been completed to characterize the usefulness 
and limitations of the test method for a specific proposed regulatory testing requirement or 
application as well as other adequate documentation of the scientific validity prepared in 
accordance with test method submission guidelines. 

Transferability: The ability of a test method or procedure to be accurately and reliably 
performed in different, competent laboratories. See also “interlaboratory reproducibility”. 

Validated test method: An accepted test method for which validation studies have been 
completed to determine the accuracy, reliability, and relevance of this method for a specific 
proposed use. 
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Validation: The process by which the accuracy, reliability, and relevance of a procedure are 
established for a specific purpose. Validation for one specific purpose does not imply validation 
for other specific purposes. Further qualification may be needed for a particular context of use. 
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APPENDIX B: QUALITY TOOLS 

1.0 Flow Charts 

In a flow chart, every step in a protocol is diagrammed (see Figure S1 for an example). This can 
be helpful in designing control measurements for the experiment by ensuring that each step is 
covered and tracked when feasible. It is possible for more than one control measurement to cover 
a single step, and conversely a control measurement may cover multiple steps. In addition, 
comparing control measurements among NAMs may reveal similar steps among different 
NAMs. For these steps, the sources of variability will also likely be similar. 

 

Supplemental Figure 1. Flow chart describing the modified MTS (3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) protocol for an interlaboratory 
study. This figure is reprinted with permission from Elliott et al. (2017). 
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2.0 Cause-and-Effect Analysis 

Cause-and-effect (C&E) analysis is a conceptual tool that can be used to identify possible key 
sources of variability and display them using C&E diagrams, sometimes known as fish-bone 
diagrams (see Figure S2 for an example). The process of developing these diagrams can include 
brainstorming and reviewing the literature on an assay. Each branch of the C&E diagram 
indicates a key source of expected variability. C&E diagrams can also support development of 
new NAMs, because shared branches of C&E diagrams (e.g., performing measurements using 
the same type of cytotoxicity assay) can be made more quickly, will likely require similar control 
measurements, and will likely have similar variability mitigation strategies. Analysis of C&E 
diagrams can help identify aspects of a method that may be challenging to standardize (e.g., an 
instrument challenging to calibrate or unstable assay reagents). C&E diagrams can help guide 
robustness testing and the selection of control measurements so that, ideally, the sources of 
variability in each branch and subbranch of the C&E diagram are analyzed. 

 

Supplemental Figure 2. Cause-and-effect diagram of an MTS cytotoxicity assay designed for 
use with engineered nanomaterials. Reprinted with permission from Rösslein et al. (2015). 

3.0 Control Charts 

Control measurements can be one-time preliminary experiments (e.g., to test for potential 
biases), periodic measurements performed at a predetermined frequency (e.g., evaluation of 
instrument performance and instrument calibration), and in-process control measurements made 
each time the assay is performed. For some assays that allow for a limited number of samples to 
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be analyzed concurrently (e.g., an inhalation assay with exposure to aerosolized chemicals using 
a flowthrough exposure system), periodic measurements can be helpful. One-time preliminary 
experiments can be helpful to evaluate if a test substance may cause a bias, for example, if a 
nanoparticle may adsorb a key assay reagent. In-process control measurements can be used to 
measure key sources of variability each time the assay is performed. For example, one common 
in-process control measurement is the positive control. This control measurement can reveal if a 
maximal response (100 % effect) is reached and can also be used to demonstrate the sensitivity 
of the assay response to chemical concentrations that yield lower, more moderate responses. Key 
considerations for selecting a positive control have been described by Petersen et al. (2021). 
Additional common in-process control measurements are a control with no cells and no 
additional assay reagents and a control with cells and additional assay reagents added but without 
test substances. It may not be possible to include all potential in-process control measurements, 
and there may be tradeoffs in terms of what in-process control measurements to include. 

Key sources of variability can be monitored across time and among experiments using control 
charts that display the mean values and variability of in-process control measurements (see 
Figure S3 for an example). This can be helpful to assess if there are systematic changes in the 
mean or variability values across time which suggest that something in the assay may have 
changed (e.g., instability of a reagent). Reviewing the check sheets can be helpful to identify 
why changes occurred. 
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Supplemental Figure 3. Control charting data for the electrophilic allergen screening assay 
fluorescence method for the negative incubator control: (A) mean and (B) coefficient of variation 
for all experiments depending on the date they were performed. In graph B, one value is an 
outlier for the coefficient of variation and outside of the specifications for this study (overall 
mean ± 3 times the average standard deviation value). Also, there is not a systematic trend with 
either the mean or coefficient of variation values across time. This figure has been modified and 
reprinted with permission from Petersen et al. (2022c) while the figure caption is modified and 
reprinted from Petersen et al. (2022b). 
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4.0 Check Sheets 

To record key metadata and fulfill requirements for GLP, check sheets can be used. If GLP is not 
used when a method is being developed, principles laid out in GLP such as recording key data 
using check sheets will be important if the NAMs are intended for regulatory submissions, when 
GLP-compliance may be required. Alternative relevant resources during assay development are 
the guidance document on GCCP 2.0 (Pamies et al., 2022) and GIVIMP (OECD, 2018) that are 
specific to cell-based work with additional quality management lists to ensure reproducibility 
and high-quality scientific data. Check sheets can also be useful for monitoring the in-process 
control measurements and supporting troubleshooting when issues arise. For example, they can 
be used to document changes in lot numbers for reagents and consumable supplies (e.g., pipettes 
and microwell plates). This can be valuable for troubleshooting if one specification is not met 
more frequently than other specifications. It is also possible for check sheets that include data 
calculators to evaluate if data from an assay run meets all the specifications and to perform 
statistical evaluations of the assay results. Electronic notebooks and laboratory information 
management systems may be used instead of written check sheets (with advantages such as ease 
of storage, transferability among laboratories, and searchability). 

5.0 Scatterplots 

Scatterplots can be used to assess if there is an interaction between different in-process control 
measurements or between those control measurements and test substance results (see Figure S4 
for an example). The test substance results should be independent of the results for in-process 
control measurements within the range set by specifications. 

  



Validation, Qualification, and Regulatory Acceptance of NAMs March 2024 

56 

 

 

 

Supplemental Figure 4. Correlation of cadmium sulfate (CdSO4) EC50 values determined using 
the MTS assay with mean optical density (OD) values of A549 cells not exposed to a test 
substance or the positive control.These data either show a lack of an interaction between the 
EC50 values (part A) or an interaction (part B) depending upon the range of mean OD values. 
The solid lines are linear regression fits. The slope in part B is statistically different from 0, 
indicating that the EC50 value is correlated with the OD values. Modified and reprinted with 
permission from Petersen et al. (2022b) and the figure caption is reprinted with permission from 
Petersen et al. (2022b). 
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APPENDIX C: ANALYTICAL METHOD ASSESSMENT 

The information in Appendix C was derived from several references, including “Validation and 
Regulatory Acceptance of Toxicological Test Methods” (ICCVAM, 1997), “Bioanalytical 
Method Validation Guidance for Industry” (FDA, 2018), OECD GD 34 (OECD, 2005), and the 
OECD GIVIMP document (OECD, 2018). The information in Appendix C is intended to provide 
a general framework for method assessment. Some aspects may or may not be applicable to all 
methods. 

1.0 Limits of Detection and Quantification 

The limits of detection and quantification define the range of an analytical method. The 
analytical method is often tested either at the lower limit of quantification or at the limit of 
detection, whichever is more appropriate for the system. This process determines the lower end 
of the range of an analytical method by establishing the lowest quantity or concentration of an 
analyte that can be reliably detected (limit of detection) or quantified (lower limit of 
quantification) above the reagent blank or within the standard curve. The highest concentration 
on the standard curve determines the upper limit of quantification. 

2.0 Identification of Interference 

Method developers should document interfering substances, which can come from critical and 
non-critical components of the method, including any interference with the detected signal (e.g., 
fluorescence/absorbance, luciferase, enzymatic) of the method. Interference can also come from 
consumables, such as certain plastics in endocrine disruptor test methods as well as other 
reagents in the method. Potential interfering substances include, but are not limited to, 
endogenous matrix components, metabolites, decomposition products, and other xenobiotics. If 
the method is intended to quantify more than one analyte, all intended analytes should be tested 
to ensure that there is no interference. Blank samples are often used to test for interference. 

3.0 Assessing Analytical Precision 

It is helpful to include a description of the precision of the analytical method used and any other 
tests of precision, such as those assessing performance variability when different personnel use 
the proposed method, or when different instrumentation is used for the method, as well as 
participating in interlaboratory comparison studies when possible. 

4.0 Stability of Materials 

Stability as it relates to materials used in the NAM (e.g., test substances, testing apparatus, 
reagents, and analytes) refers to a material’s ability to produce similar and acceptable results 
over a period of time in a given environment. The stability of the NAM itself is discussed earlier 
(Appendix B, Section 3.0) with evaluation of control charts across time. The effects of sample 
collection, handling, and storage conditions should be evaluated. Materials that can be affected 
by stability issues should be given expiration dates appropriately. The stability of a test 
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substance, reagents, and testing apparatus (e.g., plastic microplate) should be ensured to avoid 
interferences from degradation products and changes to the applied actual dose. Stability studies 
performed on any of the components should be included in reporting. The stability of any 
chemical mixtures or prepared samples being prepared before the day of the study should be 
evaluated for stability before use in development, validation, or qualification studies. 

The chemical stability of a given mixture or matrix under specific conditions for given time 
intervals is assessed in several ways. Pre-study stability evaluations should cover the expected 
sample handling and storage conditions during the conduct of the study, including conditions at 
the test site, during shipment, and at all other secondary sites. The stability of an analyte in a 
particular mixture, matrix, and container system is relevant only to that mixture, matrix, and 
container system and should not be extrapolated to other systems. Stability testing should 
evaluate the stability of the analytes for long-term (frozen at the intended storage temperature) 
and short-term (bench top, room temperature) storage, and after freeze and thaw cycles and the 
analytical process. Conditions used in stability experiments should reflect situations likely to be 
encountered during actual sample handling and analysis. If, during sample analysis for a study, 
storage conditions changed and/or exceeded the sample storage conditions evaluated during 
technical characterization of the method, stability should be established under these new 
conditions. Independent stability studies should be conducted and cover any condition a critical 
reagent may encounter. Stability testing of a reagent or material should be considered for a 
variety of contexts, including during freeze-thaw cycles and use on the benchtop, in stock 
solutions, in processed samples, and over long-term studies. 

5.0 Robustness Testing 

Robustness is the ability of a method to be reproduced under different conditions or 
circumstances without the occurrence of unexpected differences in the obtained results. One 
aspect of a NAM’s robustness is the consistency of the control charting results across time as 
described in Appendix B, Section 3.0. Robustness testing is often used to detect changes in 
results from unintended variations in experimental reagents or protocols. Robustness testing is 
recommended for all aspects of test methods, and ranges for all parameters and measurements 
should be established whenever and wherever possible. 

For example, an incubation time of 5 minutes was established as optimal for a study, but after 
robustness testing, data passed all quality control requirements at 5 minutes plus or minus 30 
seconds. Therefore, the robustness-tested acceptable incubation time would be 5 minutes ± 30 
seconds. 

Some study parameters that should have an established acceptance range include: 

• Incubation times 

• Incubation temperatures 

• pH 

• Sources of reagents 
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• Cell densities (if applicable) 

• Experimental conditions 

• Analysis software 

The design of the model will determine what experimental conditions will require acceptance 
ranges. For example, models with flowing media will need acceptance ranges for parameters 
related to flow. More complex models are more likely to have study parameters requiring 
control. 

When applicable, results of robustness testing for critical and non-critical reagents should also be 
reported. Different suppliers (whenever practical) should be tested to determine if a reagent 
should be purchased from one supplier or if multiple suppliers can be used. This can also be 
helpful for avoiding supply chain disruptions or if a manufacturer stops making a specific 
product. 

Instrumentational robustness testing should also be conducted whenever applicable. Cross-
laboratory validation often involves different brands of instruments with different performance 
parameters and capabilities, which can add to the variability of the data or change parameters of 
the method performed. 

6.0 Analysis of Recovery 

Studies performing tests on extractions from a given matrix should perform recovery studies to 
verify the efficiency and reproducibility of the extraction method. Recovery studies are often 
performed by comparing the results of the extracted samples with those of spiked samples of a 
similar matrix and/or spiked blanks. 

7.0  Technical Analysis of Applicability Domain 

There should be adequate test method data for chemicals and/or products representative of those 
relevant to the specific COU for which the test is proposed. Documentation for the NAM, DA, or 
IATA should clearly describe the physicochemical properties of the applicability domain. This 
would include any limitation of the method, such as for chemicals of a specific molecular weight 
range, volatility, solubility, or stability. 

While the applicability domain should be analytically evaluated during the initial development of 
an assay, additional data may become available through broader usage of the method. These data 
could reveal interferences that may need to be further addressed technically (Petersen et al., 
2022a). If an assay is not evaluated for chemicals with certain physicochemical properties, there 
will be greater uncertainty regarding the assay performance for these chemicals both from 
analytical (e.g., whether there are biases that impact the assay performance) as well as potential 
concordance (e.g., whether the assay yields similar results as an in vivo assay) considerations. 
Therefore, it may also be valuable to assess the assay concordance across chemicals with 
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different physico-chemical properties to increase confidence in the applicability of the assay with 
a broader range of chemicals. 

8.0 Positive Control 

At least one positive control should be part of the assay development. These controls can be used 
in conjunction with standard curves or as a single concentration for the positive control. The 
positive controls should be relevant to the endpoint of detection for the assay. The concentration 
of the positive control should lie within the detection window for the assay. Often, a positive 
control concentration is chosen to yield a response between 50% and 80% of the maximum 
detection range if only a single concentration is tested and data on the resolution of the maximum 
dose is available. A standard curve is often produced using the positive control for the system, 
with a standard curve defined as the relationship between assay response and known 
concentrations of the analyte. The standard curve should be reproducible over time. Standard 
curves should be prepared in the same vehicle or solvent as the intended test samples of the 
study. When the same mixture or matrix cannot be obtained, surrogate mixtures or matrixes can 
be used with proper documentation and justification. 

9.0 Reference Standards for Instrument Calibration 

When applicable, instruments should be calibrated using calibration standards and/or quality 
control samples. The source of the standard or quality control sample should be documented, 
including purity, stability, source, lot number, certificate of analysis, and expiration date. There 
are several types of standards such as U.S. Pharmacopeia compendial standards and 
commercially supplied materials obtained from a reputable commercial source with documented 
purity. 

Ideally, the control standard for some instruments (e.g., mass spectrometers) should be identical 
to the analyte of interest in the assay. Often this is not possible, and an established chemical form 
of known purity can be used. 

10.0 Setting Specifications 

Specifications can be set for in-process control measurements based on intra-laboratory or 
interlaboratory test results. There are multiple approaches that can be used. For example, 
commonly used methods apply a 95% confidence interval to the in-process control 
measurements or use the mean ± two or three times the standard deviation value, but other 
statistical approaches are often used as well. Setting specifications involves balancing different 
objectives. It is important to have the specifications sufficiently stringent to exclude data 
indicating that the assay is not working as expected or that the data for an in-process control 
measurement is within a range where it could bias the test substance result. It is also important to 
not set the specifications so tightly that tests with test data in what would be considered a normal 
range have an overly high number of assay runs fail to meet the specifications. 
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