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Disclaimer

The views expressed in this presenta0on are my own and not 

necessarily those of the Medicines Evalua0on Board (MEB), nor of 

the European Medicines Agency (EMA) or any of its working par0es.
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Current global DART guidance for Pharmaceuticals: ICH S5(R3)
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Globally Harmonize 
Test Guidelines
• Quality
• Efficacy
• Safety
• Multidisciplinary



Default Embryo Fetal Developmental (EFD) toxicity tesGng under ICHS5(R3)
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Effects of pharmaceu0cals on reproduc0ve cycle

Embryo-fetal Developmental (EFD) Toxicity study
à Implanta(on – closure of hard palate
à O5en preceded by pEFD/DRF (less animals)
à Default 2 species (rodent and non-rodent)



New Approach Methods (NAMs) 
for EFD toxicity testing (history)
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Classic models
Whole Embryo Culture (WEC) (1970s) 
Embryonic Stem Cell Test (EST) (1990s)
Zebrafish Embryo Toxicity Test (ZET) (2000s) 

• Investigate effects on development during window of 
implantation – closure hard palate (à EFD window)

• Original endpoints based on morphology
• Validation effort by ECVAM WEC/cardiac EST (2004-2009)

Hermsen, RIVM
Verhoef, RIVM Van Dartel, RIVM



NAMs and innovaGon; Fast moving field!
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De Leeuw, 2020

Imaging

Konagaya, 2015

Robotics

Piersma, RIVM

Adverse Outcome Pathways (AOPs)
Organ-on-Chip à 
embryo on chip???

Machine Learning / 
ArBficial Intelligence

Tiered approach /
Testing Batteries

Green, 2018EPA

PCR / OMICS

Theunissen, 2011



NAMs under ICHS5(R3) (2020-present) 
UpdaGng regulaGon takes some Gme… … …

2010 Start of preparatory process at ICH level
2015 Official start of Revision procedure
2019 Step 4 approval by ICH
2020 Step 5 regional implementa(on

First ICH guidance to include informa(on on 
use and qualifica0on of NAMs as alterna(ve for
EFD tes(ng

As science innovates quickly, 
and changing regula(on takes (me à

All informa(on on NAMs and qualifica(on in
ANNEX 2: ICHS5(R4) maintenance procedure
à Possibility for bi-annual changes to Annex



How to QUALIFY NAMs under ICHS5(R3): Context of Use

Under ICHS5(R3), NAMs approaches should:
• Provide a level of confidence for human safety assurance at least equivalent to that provided by the 

current testing paradigms.
• Be qualified within a certain context-of-use (CoU), defined by
• The chemical applicability domain of the assay, and 
• Characterization of the biological mechanisms covered by the assay.
• Regulatory considerations:
• What (non)-clinical endpoint should the assay predict (MEFL)?
• What non-clinical (in vivo) assay could the OoC precede or complement (to inform study design) 
• What non-clinical (in vivo) assay could the OoC replace? (rat, rabbit?)

• In accordance with GLP 
• However, if used for mode of action (MoA) exploration or as supportive for in vivo study: 

à no such rigorous qualification is required.
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How to QUALIFY NAMs under ICHS5(R3): General Qualification Criteria

Qualification Criteria (ICHS5(R3), p36-37):

Description and justification of predictive model
• Which species does it predict Malformations and Embryo-fetal lethality (MEFL) for?
• Evaluation of biological plausibility of the model, 
• Mechanism of embryonic development in the model + adverse effects
• Limitations of the models (what is not covered by the NAMs approach)
• Developmental window of prediction (compared to in vivo / human)

• Determination of endpoints, description of negative or positive (adaptive response?)
• Statistical evidence to predict MEFL in a species (accuracy, prediction, sensitivity, specificity etc.)
• Historical data  of the test system
• Reference compounds 
• list of training sets / test sets, source of data
• Description of chemical applicability domain
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Scenario’s for using (qualified) NAMs under ICHS5(R3)

• To support Phase I + II clinical trials (= saving animals by agri(on)
- Qualified alterna(ve assays predict MEFL* outcome in ‘first’ species) 
- + pEFD in vivo study in ‘second’ species
- Rodent and non-rodent should be covered, 
- Enable the limited inclusion of WOCBP (up to 150 WOCBP for up to 3 months) 

(EU and Japan regions only, US region no tes5ng required). 

*MEFL = malformaBons and 
embryo-fetal lethality

Phase 1

Clinical Phase

Phase 2 Phase 3

M
arketing Authorization 

Application

Pre-ICHS5(R3) 2 Species EFD

Inclusion of ≤ 150 WOCBP >150 WOCBP

ICHS5(R3) 2 Species EFDpEFD + qualified NAMs



Scenarios for using (qualified) NAMs under ICHS5(R3)

• To support Phase I + II clinical trials (=saving animals by
agri(on)

- Qualified alterna(ve assays (predict MEFL* outcome in 
‘first’ species) + pEFD in vivo study in ‘second’ species

- Rodent and non-rodent should be covered, 
- Enable the limited inclusion of WOCBP (up to 150 WOCBP 

for up to 3 months) (EU and Japan regions only, US region no tes5ng required). 

• Known MoA (class effects, known effect on developmental 
pathways) (ICHS5(R3)scheme figure 1 Annex 2, p39)

• No clinically relevant exposure possible in animals
• Support for WoE assessment when equivocal results in 

animal studies
• Indica(on for severely debilita0ng or life-threatening 

diseases or late-life onset diseases

ICHS5(R3) figure 2 Annex 2, p39

*MEFL = malformaBons and embryo-fetal lethality



Reference compound list for NAMs under ICHS5(R3)

29 example Reference Compounds are listed in Annex 2
and published by Andrews et al., 2019.
• Known human teratogens
• Suspected human teratogens (but only sufficient animal data)
• Difficult to find (data on) true negative teratogens
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14 Voettekst is aan te passen via Invoegen, Koptekst en voettekst
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Regulatory application of NAMs preceding and after ICHS5(R3)
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Figures kindly provided by Ronald Wange, FDA

Zebrafish Embryonic Stem CellsWhole Embryo Culture

Up to 2020:
Companies do generate data in house
(60% of responders to IQ survey, not published)
Some(mes shared through submissions

Since implementa(on of ICHS5(R3):
• No qualifica(on exercises started at EMA
• One interested party at FDA, but not 
 pursued further

Companies are uncertain and reluctant to start formal qualifica(on
Regulators need to get more experienced with NAMs for regulatory purposes

IMPASSE…



Some hurdles from a pharmaceutical industry perspective*
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Not clear what are the regulatory options and procedures.

• What exactly is required for qualification?

• How will qualfication be reflected accross different global regions?

Limitations of NAMs

Difficult to bridge the gap between hazard identification and risk assessment due to difficulty of extrapolating exposure 

(QIVIVE). 

To support WoCBP in phase I and II trials, 2x pEFD or 1x pEFD + NAMs are required

Generally, to support phase III trials, pivotal studies in 2 species are required

à Performing 2 pEFD will provide a higher probability of succes pEFD+NAMs

Small- and medium-pharmaceutical companies do not have the opportunity to screen in-house.

à General qualification for a wide context of use by 3rd parties is required for more general application

*HESI-DART, NAMs in DART testing 
for pharmaceuticals , publication in preparation



Lessons learned from ICH S5(R3)

Regarding implementa0on of NAMs: 
Mismatch between… 
What is intended in ICHS5(R3)
• Part of WoE (Bagery of assays + literature)  
• Context of Use

• Addi(onal communica(on needed on the inten(ons of ICHS5(R3).
• Consult stakeholders at ini(a(on of dra5ing a guidance.

General reluctancy to share data:
• Promote sharing screening data in paralel with pivotal EFD studies upon marke(ng applica(on:

à Voluntary Sharing of Data (Safe Harbour)
• Increase the (very) limited experience with NAMs for regulators

18

What is percieved by developers and end-users 
• Single assay replaces an animal study
• One assay fits all

 



EMA aims to increase knowledge on NAMs and
accellerate Qualification of NAMs:

• 3Rs Working Party (3RsWP) re-started in 2022
• Early dialogue with assay developers through ITF
• Promote possibilities to share data through “voluntairy data sharing”
• Guidance on qualification
• Update general 3Rs and Qualification guidance
• Provide specific guidance for OoC/MPS

• Support for qualification applications (ITF/ScAd)
• European Specialised Expert Community (ESEC) for NAMs

• Creation of a worldwide cluster of regulators for global alignment

Regulatory perspective on future implementation of NAMs



Qualification at EMA: Innovative Task Force

Innovative Task Force (ITF)
• Informal exchange with EMA experts and ESEC members 
• Present proof of concept and discuss possibilities for qualification
• Proactive identification & assessment of impact on current scientific, legal and regulatory 

requirements
• Early identification of specialised expertise needs
• Advice on eligibility to EMA procedures
• Review of regulatory and scientific implications
• Increasing awareness & learning at the EMA

• Free of charge
• https://www.ema.europa.eu/en/human-regulatory/research-development/innovation-medicines



Qualification at EMA: Qualification Advice

Following steps a5er ITF:
Formal talks with EMA before qualifica(on (3RsWP / SAWP advice)
Formal Qualifica(on (SAWP qualifica(on advice / opinion)

Submission of proposal to the EMA in accordance with the procedure described

in the Guideline on Qualifica<on of Novel Methodologies for Drug 

Development (EMA/CHMP/SAWP/72894/2008 Rev. 4)

• Submission via qualifica(on@ema.europa.eu 

• Assessment by a “qualifica(on team” (consis(ng of experts from member states)

• Possible involvement of other agencies such as FDA and/or PMDA

à Formal EMA statement that NAMs can be used under a predefined

context of use (QualificaAon Opinion)



Future of NAMs in DART tesGng

• Find common ground with stakeholders to start data sharing à
• Increased regulatory experience à
• Increase in Qualifica(on applica(ons à
• Increase in overall Context of Use à
• More scenarios in which NAMs can be used under ICHS5(R3) Annex II

Long term goals for NAMs in context of ICHS5(R3):
• Obtain more human relevant mechanis0c data

• Decrease the use of test animals for DART tes(ng

• Increased relevance of non-clinical data for Labeling for Pregnant women, Lacta(on and Fer(lity




