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A Decade of TATT 
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2011   to 2025 – From TT21C to NAMs/NGRA

Shanghai 2011

Shenyang 2025

Nanchang 2025
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A Decade of:
Next Generation Risk Assessment (NGRA) 
New Approach (non-animal) Methodologies (NAMs)

NGRA is an exposure-led, risk assessment approach that 
integrates New Approach Methodologies (NAMs) to assure 
(human & environmental) safety without the use of animal testing

NAMs are any in vitro or computational (in silico) method 
that enables mechanistically based chemical safety 

assessment and contributes to the replacement of animals

讨论争议点：下/新一代风险评估；Next/New?
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The Need for Implementation of NAM-Based Safety Assessments

Societal 

attitudes/ 

consumer 

preference

Resource 
constraints

Human 

relevance

Regulatory 
change (e.g. 
EU Cosmetic 
Regulation)

• Too many chemicals and not 

enough data

• Total number chemicals = 

65,725 

• Chemicals with no toxicity 

data of any kind = 46,000

• 1984 (forty years ago!)
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Non-Animal Frameworks for Safety Decisions:

Development of battery of 
assays aligned to AOPs

AOPs 
(currently 481 

in AOP wiki; 
1789 KE)

~ Multiple 1000s of assays need to be if 
multiple AOPs are covered

How to identify the relevant AOP?

Not feasible for initial safety testing

Value in bespoke safety assessment when 
differentiation between bioactivity & 

adversity is needed (higher tier)

Development of 
high-throughput & broad coverage 

set of non-animal NAMs

Transcriptomics

Cellular 
stress 
assays

Receptor 
binding 
assays

Exposure 
(PBK)

Protection Hypothesis:

If biological activity measured 
using a broad suite of human-

relevant test systems is above the 
predicted exposure in humans, 

then systemic adverse effects are 
highly unlikely 

Non-animal NAMs strategies 
for 1-2-1 replacement – 

prediction of animal outcome

Prediction of an animal test is 
not necessarily relevant to 

assess human safety

Rodent studies have been used in a 
protective manner with the use of 

uncertainty factors rather than in a 
predictive way
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Why Tier NAMs in a  Protective NGRA?

• Can then implement the available and valid tools in a measured and 
logical way

• Maintain a core dynamic system relevant to the risk 
assessment/safety question
• Be ever prepared to improve and update

• Can lead from early-tier rapid computational tools to potentially 
more complex testing systems in later tiers
• But only as necessary

• Helps give greater confidence to Regulators? 
• Improving

• Early Tiers come at a ‘utility’ cost – the loss of otherwise useful 
chemicals?
• That’s what we have encountered but we must build confidence
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The EPA Blueprint:  A ‘Tiered’ Approach
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NAMs are Generally More Protective than Animal Tests
Accelerating the Pace of Chemical Risk Assessment (APCRA)

9

Of the 448 substances, ~90% had a PODNAM,95 that was less than the 
traditional POD (PODtraditional) value

Bioactivity:exposure ratios (BERs), useful for identification of priority 
substances, demonstrated that high-throughput exposure predictions 

were greater than the PODNAM,95  for 11 substances
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EPA Transition from ToxCast to Broad Coverage NAM ‘Product’

High throughput profiling (HTP) assays are 
proposed as the first tier in a NAMs-based hazard 
evaluation approach

HTP Assay Criteria: 
1. Yield bioactivity profiles that can be used for 

potency estimation, mechanistic prediction and 
evaluation of chemical similarity

2. Compatible with multiple human-derived culture 
models

3. Concentration-response screening mode
4. Potential to detect specific and non-specific 

bioactivity

To date, EPA has identified and implemented two HTP 
assays that meet this criteria:

• High-Throughput Transcriptomics 
[HTTr]

• High-Throughput Phenotypic Profiling 
[HTPP]
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Building NAMs/NGRA Confidence: End-to-End Case Studies

70
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Characterise the chemical

Characterise the consumer exposure 
scenario

Collate all available information 
(literature mining)

Use of exposure-based waiving 
approaches such as Threshold of 

Toxicological Concern (TTC)

Read Across

Use of predictive tools (i.e. in silico QSAR 
models)

Exposure 
refinement 

including 
generation of 

relevant ADME 
parameter 

data for PBK 
model 

development

Calculate BER 

Bespoke assays to cover remaining 
uncertainties identified a Tier 0 or 

Tier 1

Further exposure refinement, e.g. 
consideration of transporters, 

metabolism ..etc…
Exit

if safety decision 
can be made

Plasma Cmax Lowest 
platform PoD 

Exit
if safety decision can be made

Exit
Safety Decision

Exit
if safety decision can be made

Progress if 
safety 

decision can’t 
be made

Progress if 
safety 

decision can’t 
be made

TIER 0: Problem Formulation TIER 1: Data Generation TIER 2: Refine Assessment 
to Increase Decision 

Certainty

Bioactivity 
data 

generation 

Concentration [µM]

Control 

data

TimeC
o
n

ce
n

tr
at

io
n

 [
µ

m
]

Unilever: A NAMs/NGRA Tiered Framework Approach: 
The overall goal is a human safety risk assessment 
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Unilever: Our Key NAMs

2

• 36 biomarkers covering 
10 cell stress pathways

• HepG2

• 24hr exposure

• 8 concentrations

• Dose-response analysis 
using BIFROST model

Cell stress panel (CSP)

Hatherell et al. 2020. Toxicol Sci 176(1): 11-33

Image kindly provided by Paul Walker (Cyprotex)

High-Throughput transcriptomics (HTTr) 

• TempO-seq technology – full 
gene panel

• 24hr exposure

• 7 concentrations

• Various cell models (e.g. 
HepG2, MCF7, HepaRG)

• Dose-response analysis using 
BMDExpress2 and BIFROST 
model

Reynolds et al. 2020. Comp Tox 16: 100138
Baltazar et al. 2020. Toxicol Sci 176(1): 236–
252

In vitro pharmacological profiling

~79 
targets 

Bowes et al. 2012. Nat Rev Drug Discov 
11(12): 909-22

Internal exposure - PBK modelling

Moxon TE et al., 2020.  Toxicology In Vitro, 63, 104746
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Unilever: Testing the Performance of NAMs in an NGRA

Low risk?

High risk?

‘High’ risk for consumers from 
systemic perspective

‘Low’ risk for consumers from 
systemic perspective

Benchmarking using chemical-
exposure scenarios

• Chemicals with well-defined human exposures

• Traditional safety assessment available

• High certainty in the risk classification for each 
chemical-exposure scenario from a consumer goods 
perspective

• Risk class is relative to consumer health (N.B. drugs = 
high-risk) Bioactivity exposure ratio

0.01 1     100 1000

R
a

n
k

 o
rd

e
r

Protectiveness Utility

How many of the high-risk exposure 
scenarios are identified as 

uncertain/high risk? 
(i.e. BER < threshold)

How many of the low-risk scenarios are 
identified as low-risk at this early tier 

stage in a risk assessment framework?
(i.e. BER > threshold)
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Results for 38 Test Chemicals and 70 Exposure Scenarios

Protectiveness Utility98% (45 out of 46) 33% (8 out of 24)

High-risk exposure scenarios are 
identified as uncertain/high risk 
(i.e. BER < threshold)

Low-risk scenarios are identified as low risk at this 
early tier stage in a risk assessment framework
(i.e. BER > threshold)

Highest available Cmax
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Comparison of NAM-based Tier 1 Toolbox with Decisions 
Made Using in vivo Data – Protective not Predictive

What if we took the same 
approach with in vivo data?

• Repeat dose in vivo data 
identified for 27 chemicals 
of the 38 tested. 

• In most cases NAM PoDs 
are more conservative 
than traditional PoDs

In agreement with Paul-Friedman et al. (2020)



https://youtu.be/5Z2S8MnKp7g

Calculation of BER

https://youtu.be/5Z2S8MnKp7g
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A Decade of Progress for TATT with NAMs/NGRA/TT21C



And Yet, Today, Nearly All Regulatory Safety 
Testing is Still Based on:

Despite the current toxicity testing paradigm not sufficiently serving our needs… woefully 
limited data, high testing costs, extremely long timelines, lack of human relevance, etc.
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What does the USA FDA think?
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Reflected in Funding at USA National Institutes of Health?
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In Europe, A Roadmap? Talk or Action? Lots to Decide On
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• Initially generated HTTr data in MCF-7, HepG2 and HepaRG cell lines for all chemicals, and 
the Cell Stress Panel is conducted in HepG2 cells. 

• Now focussed on using hTERT cell lines in place of cancer cell lines for new data generation

• Factors that have been considered:
- Biological diversity. Using content maximisation methods and baseline gene expression data to rank cells 

- Metabolic capacity. Defining HepaRG 3D as the most competent and using the baseline gene expression data to 
identify the most and least competent cell lines

- Presence of DART related genes. Making use of the baseline gene expression data and published lists of DART 
genes

- Tissue of origin. Consideration of including most likely target organs or barrier tissues

In Our Own Work: Selection of Cells?

Already tested: 

CHON-001 → Bone
HBEC3-KT → Lung

HepG2 → Liver
hNP1 → Brain

TeloHAEC → Vascular
U-2-0S → Bone

In progress:

RPTEC → Kidney
Ker-CT → Skin

CCD-18Co → Fibroblast
ASC52telo → Mesenchymal stem cell

Two zebrafish cell lines
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Are hTERT Cells Likely to be Superseded? YES! By Human iPSCs
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And They Are Being Used in Decision Making:

House et al 2021

Grouping of UVCBs to 
waive (or minimize) 

animal testing 
requirements

Deriving “protective” 
points of departure and 

bioactivity-exposure 
ratios

Testing validity of dose 
reconstruction 

assumptions for chemical 
mixtures

Rapid hazard screening 
after disaster events that 

may involve re-distribution 
of chemicals

House et al 2022

Chen et al 2020 Chen et al 2021

Chen et al 2021

Hsieh et al 2021

Tsai et al 2023

Jang et al 2023 Ford et al 2023
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And That is Without Factoring the MPS/Organ-on-Chip Possibilities!

The USA NIH-funded ‘Tissue Chips’ Landscape = >$400m to-date
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Why Not Spin-Off Your Own Organ-on-Chip Company (NIH Supported):
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𝑉Liver
𝑑𝐶Liver

𝑑𝑡
= 𝑄Liver 𝐶Arterial −

𝐶Liver
𝑃Liver

− 𝐶𝐿𝑖𝑛𝑡
𝐶Liver
𝑃Liver

∗ 𝐹𝑢𝑝

Physiologically based kinetic (PBK) models are used to simulate the behaviour of a chemical in the body 
for a given exposure scenario

Inhalation

Dermal

Intravenous

Oral

PBK Modelling in NGRA – ‘Black Box’ or Fully Understood?

• PBK models are composed of multiple coupled ordinary 
differential equations.

• The model have various parameters that need to be 
determined. 

• Example equation for determining the concentration of 
chemical in the liver:

[Rate of change of 
concentration in the 

liver]
[Blood flow rate]

[Concentration of 
chemical in the 
arterial blood]

[Concentration of 
chemical in the 

liver plasma]

[Clearance rate via 
metabolism in the 

liver]

• A Bayesian statistical model to quantifies 
the error for a novel chemical

• Output: Plasma Cmax distribution at each 
PBK level
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Defined Approaches for Complex Data Integration: POD in HTTr

• High throughput transcriptomic (HTTr) 
studies provide high dimensional datasets 
for the bioactivity of a chemical

• Downstream results are highly sensitive to a 
plethora of decisions around experimental 
design, data normalisation, modelling 
choices, summary statistics and more

• For robust inferences, it is critical that the 
consequence of each decision, as well as the 
consequence of having made an alternative 
choice, is understood
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Put Together iPSC of Multiple Lineages, into MPS/OoC, Treat with ‘Toxins’, 
Determine POD from HTTr (and other NAMs) by Bayesian Statisics and 
Compare to Exposure Estimated by Computational PBK with Population 
Variability… Oh, and VALIDATE THAT!

=

And let AI make the 
decision on: 

Safe or Not-Safe
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Reproducible? The Regulators Replication Validation Dilemma
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Are We Even Scratching the Surface of the Wealth of 
Data in Transcriptomics?
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New Collaboration Between Unilever and CMU for 2026+
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A Decade of Progress for TATT with NAMs/NGRA/TT21C
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