
National Institutes of Health • U.S. Department of Health and Human Services

Flexible, Fit-For-Purpose NAMs Validation 

Across Federal Agencies

Nicole C. Kleinstreuer, PhD

NTP Interagency Center for the Evaluation of 
Alternative Toxicological Methods



Interagency Coordinating Committee on the Validation of Alternative Methods

• Encourage the adoption of new methods by 
federal Agencies and regulated industries

• Use efficient and flexible approaches to 
establish confidence in new methods

• Help end-users guide the development of 
the new methods

“Advances in science and technology have not been effectively 
leveraged to predict adverse human health effects”
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Updated ICCVAM Validation Guidance: Coming Soon!
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Fitness for Purpose

Which regulatory 
statutes are data from 
the NAM intended to 

comply with?

U.S. TSCA

EU REACH

Other

How will the NAM  
be used?

As a stand-alone assay

As part of a defined 
approach

As part of an integrated 
approach to testing and 
assessment or weight of 
evidence assessment

Is the information provided 
sufficient to address  

the regulatory endpoints  
of interest?

Describe the relationship 
between the information 

measured by the NAM and  
the regulatory endpoints  

being addressed.

Is the technical performance, 
including the level of  

uncertainty, acceptable?

What is the context in  
which the NAM is  

intended to be used?

Preregulatory screening  
and prioritization

Chemical grouping

Hazard identification

Quantitative risk assessment

Fitness 
for 

Purpose

van der Zalm et al. 2022 Arch Tox

Purpose = Context of Use



(Human) Biological Relevance

•Similarities between the physiology of, or the biology measured by, 

the test system, and human biology

 Consider human dosimetry modelling, cell types used, or the structure of 

the target organ/tissue

•Concordance with human responses

•Establishing biological relevance of a method can be used to 

benchmark its performance



Consider strengths and limitations of all available 
methods with respect to:

• their relevance to human ocular anatomy

• the mechanisms of eye irritation/corrosion in 
humans

Assessing approaches for eye 

corrosion/irritation potential

• The rabbit test should not be used as a 
reference method to demonstrate the validity 
of in vitro/ex vivo assays

• In vitro/ex vivo methods are as or more 
reliable and relevant than the rabbit test

Clippinger et al. 2021 Cut Ocu Tox

Adapted from Luechtefeld et al., ALTEX 33(2), 2016.

Prior GHS category 1 2A 2B NC

1 (serious eye 

damage)​
73%​ 16%​ 0%​ 10%​

2A (irritant)​ 4%​ 33%​ 4%​ 59%​

2B (mild irritant)​ 0%​ 4%​ 16%​ 80%​

NC (non-irritant)​ 1%​ 4%​ 2%​ 94%​
Non Slight Mild Moderate Severe

Image modified from Scott, et al., 2010

Bowman’s 

Layer

Epithelium

Stroma

Endothelium

Human Relevance 



Chemical 
Structure 
& Properties

Molecular 
Initiating Event

Cellular 
Response

Organ Response Organism Response        

Metabolism

Penetration

Electrophilic

substance

Covalent 

interaction with 

skin proteins

• Induction of inflammatory 

cytokines and surface 

molecules

• Mobilisation of DCs

• Activation of inflammatory 

cytokines 

• Induction of cytoprotective 

genes

• Histocompatibility 

complexes 

presentation by DCs

• Activation of T cells

• Proliferation of 

activated T-cells

• Inflammation upon 

challenge with 

allergen

Dendritic Cells (DCs)

Keratinocytes responses

Key Event 1

Key Event  2

Key Event  3

Key Event  4
Adverse 
Outcome

T-cell proliferation 

TG442C

TG442E

TG442D

In Vitro In Vivo

GPMT

LLNA

DPRA
ADRA

KeratinoSens
LuSens

hCLAT, USENS, IL-8

In Silico

OECD TB
DEREK

DASS

DA/Method
Information

Sources

Capability 

(Hazard and/or 

Potency)

Hazard 

Performance vs. 

LLNA

N~168

Hazard 

Performance vs. 

Human

N~63

GHS Potency 

Performance vs. 

LLNA

(Accuracy)

GHS Potency 

Performance vs. 

Human

(Accuracy)

2o3 DA

DPRA, 

KeratinoSensTM, h-

CLAT

Hazard

84% BA, 

82% Sens,

85% Spec

88% BA,

89% Sens,

88% Spec

- -

ITSv1 DA

DPRA, 

h-CLAT, DEREK 

Nexus v6.1.0

Hazard,

Potency (GHS)

81% BA,

92% Sens,

70% Spec

69% BA,

93% Sens,

44% Spec

70% NC,

71% 1B,

74% 1A

44% NC,

77% 1B,

65% 1A

ITSv2 DA

DPRA, 

h-CLAT, OECD 

QSAR Toolbox 

v4.5

Hazard,

Potency (GHS)

80% BA,

93% Sens,

67% Spec

69% BA,

94% Sens,

44% Spec

67% NC,

72% 1B,

72% 1A

44% NC,

80% 1B,

67% 1A

LLNA (provided for 

comparison)
in vivo

Hazard,

Potency
-

58% BA, 

94% Sens, 

22% Spec

-

25% NC,

74% 1B,

56% 1A

AOP-Anchoring



Technical Characterization

• Describe:
• accuracy

• intra-laboratory reproducibility

• transferability 

• applicability domain

• reference chemicals and controls

• limits of detection and quantification

• Data reporting should allow for evaluation of the method, including:
• protocol

• equipment 

• computational models being used

• What is considered acceptable may depend on the method being 

evaluated and its intended use



• Traditional animal test methods should not be assumed to provide 
data relevant to human biology or mechanisms of toxicity and be the 
“right” answer to determine if another method is valid.

• When using benchmark animal data:

– Relevance to predict human effects should also be considered, where 
possible (in the case of human health endpoints)

– Variability of animal data should be characterised and considered when 
evaluating alternative approaches

• Instead, accuracy can be demonstrated by considering:

Consistency across methods/approaches

Ability to identify positive and negative reference chemicals

Greater emphasis on biological relevance and reproducibility

Accuracy





Data-driven Confidence Intervals for Model Evaluation/Predictions

Karmaus et al. Toxicol Sci. 2022; Mansouri et al. EHP 2021

Very Toxic Non-Toxic EPA GHS

Train Eval Train Eval Train Eval Train Eval

Sensitivity 0.87 0.70 0.88 0.67 0.81 0.62 0.80 0.58

Specificity 0.99 0.97 0.97 0.90 0.92 0.86 0.95 0.90

Balanced 
Accuracy

0.93 0.84 0.92 0.78 0.87 0.74 0.88 0.74

In vivo 
Balanced 

Accuracy
0.81 0.89 0.82 0.79

LD50 values LD50 values

Train Eval In Vivo

R2 0.85 0.65 0.80

RMSE 0.30 0.49 0.42

CATMoS QSAR predictions perform just 
as well as replicate in vivo data at 

predicting oral acute toxicity outcome

Analyzing sources 
of variability in 

acute oral toxicity 
data & applying 
95% confidence 

interval to 
predictions

Reference Data Variability



Technical Framework for Robust and Reliable NAMs

Petersen et al. 2022 ALTEX



Data Integrity and Transparency

• Assess integrity and credibility of the raw data to the final 
report

• Communicate transparently and publicly

• Assess and describe the uncertainties and limitations

• Independently reproduce data

• External implementation and training of the models

• Processing of the raw data

• Replicate predictions obtained in the validation study



Independent Review

• Important part of confidence building process

• Appropriate level of external review depends on the method and 
context of use

• Might include publication in peer-reviewed journal or review by an 
independent scientific advisory panel

• International adoption by OECD typically needs formal peer 
review

• Method developers may fund but should not manage peer review



Standards for Reliability and Data Integrity



• Method developers encouraged to use 
other means than confidentiality to protect 
their intellectual property

• OECD will host confidential information on 
a protected webpage accessible to 
National Coordinators only during Test 
Guideline development

• Once the Test Guideline is adopted, this 
information will be made publicly available

Handling confidential information in candidate Test Guidelines

Source: https://www.oecd.org/chemicalsafety/testing/intellectual-

property-in-oecd-test-guidelines.htm

OECD Policy

https://www.oecd.org/chemicalsafety/testing/intellectual-property-in-oecd-test-guidelines.htm


Alternative Methods Tracking

TSAR – EURL ECVAM

…

NICEATM

Website



In summary…

Increased 

Scientific 

Confidence
The technical aspects of the 

model have been characterized, 

and the model captures key 

aspects of human biology or 

mechanisms of toxicity

The purpose of the model is 

clearly identified

The model shows 

concordance with human data 

or across multiple methods

Confidence in a method should be determined with the species of interest (humans) in mind

Information about the model and 

data are publicly available to the 

extent possible and reviewed by 

independent third parties

Confidence in a method should be determined with the species of interest (humans) in mind


