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Animal Use in the 6-Pack

Endpoint OECD Method Estimated Animal Use

Acute oral toxicity
420 (Fixed Dose Procedure) 6-12
423 (Acute Toxic Class) 5-12
425 (Up-and-Down Procedure) 6-12

Acute dermal toxicity 402 8

Acute inhalation toxicity
403

Limit: 6
Full: 30

436 (ATC) 6-12
Skin irritation 404 1-3
Eye irritation 405 1-3

Skin sensitization
406 (Guinea pig Maximization Test) 15-30
406 (Buehler Test) 30
429 (Local Lymph Node Assay) 16-20

TOTAL 36-86



Acute study* 2012* 2013* 2014* 2015* 2016* 2017*
Oral lethality 324 248 328 268 322 254
Dermal lethality 292 257 313 255 267 234
Inhalation lethality 264 217 248 254 270 246
Eye irritation 291 261 273 251 263 239
Skin irritation 270 254 268 258 259 238
Skin sensitization 247 237 262 267 255 240

Annually Submitted Acute 6-Pack Studies – Formulations

*from EPA OPP Update - ICCVAM Public Forum 2018 
https://ntp.niehs.nih.gov/iccvam/meetings/iccvam-forum-2018/08-epa-opp.pdf

• Much fewer studies are submitted each year for new active ingredients (n~10)

• Most animal use is for formulations and thus provides the largest opportunity for animal savings

https://ntp.niehs.nih.gov/iccvam/meetings/iccvam-forum-2018/08-epa-opp.pdf


• Identifies requirements, needs, and decision contexts for each endpoint

Roadmap 101: Starting with the End User in Mind



Waiving Acute Dermal Toxicity Testing



EPA Guidance on Waiving Dermal Toxicity

https://www.epa.gov/sites/production/files/2016-11/documents/acute-dermal-toxicity-pesticide-formulations_0.pdf



Additivity Calculation for Agrochemical Formulations

Van Cott et al. 2018 - Additivity

In 
vivo I II III IV Total 

I 0 1 0 0 1

II 0 12 42 19 73

III 0 7 69 45 121

IV 0 0 5 10 15

Total 0 20 116 74 210

Correct classification: 43% (91/210)
Over classification: 6% (12/210)
Under classification: 51% (107/210)

Corvaro et al. 2016 - Additivity

In 
vivo I II III IV Total 

I 0 0 0 0 0

II 0 6 9 0 15

III 0 1 51 30 82

IV 0 1 9 92 102

Total 0 8 69 122 199

Correct classification: 75% (149/199)
Over classification: 6% (11/199)
Under classification: 19% (39/199)

• EPA pilot program: GHS Mixtures Equation Pilot
• OPP has been accepting submissions of acute toxicity data paired with calculations to support evaluations of 

pesticide product formulations 
• Includes conventional pesticides and antimicrobial cleaning product
• NICEATM data analyses ongoing and will compare to the trends seen above



• April 11-12, 2018 at NIH
• Scientists were invited to submit in silico models that use chemical structure information to predict LD50 values 

and hazard categories
• Largest set of curated LD50 data ever assembled: ~21,000 LD50 values for ~15,000 chemicals 
• 139 Models, 35 Groups (Academic, Industry, Govt), 

8 Countries
• Attendance: 90 in-person, 170 Webcast 
• Consensus model developed 

ICCVAM Workshop on Acute Oral Toxicity Modeling

Hazard
Toxic
(>50-5000 mg/kg)

Highly toxic
(≤50 mg/kg)

Hazard

Point estimates of LD50 
values

+ Nontoxic (>2000 mg/kg)

I   (≤ 5 mg/kg) 
II  (>5 ≤ 50 mg/kg) 
III (>50 ≤ 300 mg/kg) 
IV (>300 ≤ 2000 mg/kg) 

HazardPacking Group

GHS Categories

NC (> 2000 mg/kg) 

Binary Models

Categorical Models

Continuous Model

I   (≤ 50 mg/kg) 
II  (>50 ≤ 500 mg/kg) 
III (>500 ≤ 5000 mg/kg) 
IV (>5000 mg/kg) Hazard

EPA Categories



Acute Oral Lethality Consensus Modeling

• VT (32 models)
• NT (33 models)
• GHS (23 models)
• EPA (26 models)
• LD50 (25 models) Weighted average 

/majority rule

Initial models 
& predictions

Combining models

Independent consensus 
models/predictions

• VT
• NT
• GHS
• EPA
• LD50

Majority rule

Weight of Evidence 
approach (WoE)

Consistent consensus 
models/predictions

• VT
• NT
• GHS
• EPA
• LD50

Step 1 Step 2

A consensus model 
per endpoint
(~20-~30 models)

Consensus 
representing all 
~140 models

CATMoS: Collaborative Acute Toxicity Modeling Suite

• Consensus models for individual chemicals leverage the strengths of each contributing in silico 
model and their overall predictions



CATMoS Performance Assessment

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

• The consensus predictions 
perform just as well as 
replicate in vivo data do at 
predicting oral acute toxicity 
outcome

LD50 values LD50 values
Train Eval In Vivo

R2 0.85 0.65 0.80
RMSE 0.30 0.49 0.42



• Co-organized by PCRM and NICEATM
• Participants included stakeholders from government, industry, NGOs
• Discussion topics included:

– Estimating the LD50 of a chemical mixture/formulated product
– Identifying gaps where model (or assay) development or optimization is needed
– Pinpointing the types of mechanistic information that would be useful
– Establishing the feasibility of using artificial intelligence in model development

Acute Systemic Lethality: Mixtures and Mechanisms



• Analysis of in vivo test variability – need it to establish confidence

– Ideally focus the analysis on guideline-like studies (or in comparison to an overall analysis)

• Additivity – EPA-OPP pilot + existing publications

– Can we identify non-toxics without in vivo testing?

• Explore adding biological/mechanistic information to complement in silico predictions

– Critical to include metabolism

• Consider AOPs to organize available information (and identify where information gaps exist)

– NOTE: can be very simple and don’t require lengthy process

• Critical to it all: transparency and training

Workshop Follow-up Activities



Workshop on Acute Inhalation Lethality

• NIH, Porter Neuroscience Center

• Co-organized by the PETA 
International Science Consortium 
and NICEATM



Designing a Non-Animal Testing Approach

Clippinger, et al. Toxicol In Vitro. 2018;52:131-145



Adverse Outcome Pathways – Acute Exposures to Inhaled Materials

Clippinger et al. (2018)



TOXMETRICS.COM, LLC



Next steps: Ongoing research and discussions
Focus on systemic effects

• Webinar Series (n=21)
• IATAs, In silico models, In vitro systems
• www.piscltd.org.uk/inhalation-webinars

Recent and Ongoing Efforts for Acute Exposures to Inhaled Materials



Inhalation Lethality: In Search of a Modeling Dataset

• Preliminary inventory pulled from eChemPortal and EPA sources 
– Approximately 1500 CASRN; but not all have structure information (i.e., defined chemical)

– Appears weighted towards less toxic classifications

– Hoping for additional data from ECHA

• But…
– Curation and clean up critical

– Both electronic and manual

– Can’t eliminate expert judgement

– Transparency



CASRN LC50 LC50 unit source

79-11-8 1268 mg/L eChemPortal

79-11-8 0.18 mg/L ChemIDplus

Acute Inhalation Toxicity Data – 5 orders of magnitude difference?



Acute Inhalation Toxicity Data – Units matter…
CASRN LC50 LC50 unit source
79-11-8 1268 mg/L eChemPortal

79-11-8 0.18 mg/L ChemIDplus

LC50 = 1.268 and 0.18 mg/L instead??



Global Skin Sensitization Project

• Objective: analysis of available non-animal defined approaches (DAs)

• Collaboration with Cosmetics Europe
– 128 substance dataset

– LLNA (mouse) and human data 

– Curation/generation of

• in vitro cell-based data that maps to AOP

• in silico computer predictions, chemical
structural features & properties

• Analyze non-animal DAs in an open source and transparent way

• Evaluated performance against the LLNA and human hazard/potency categories

• All DAs analyzed had equivalent or superior performance to the LLNA when 
compared to human data

Spectrum of 128 substances 

Kleinstreuer et al. 2018 Crit Rev Tox



ICCVAM Skin Sensitization Models



Implementation of Alternative Approaches

• Accepted by EPA based on comparison to LLNA data 
• Used animal data reproducibility as threshold for performance 



• NTP is supporting testing of a broad 
range of chemicals internationally 
adopted test methods: DPRA, 
KeratinoSens, hCLAT

– Pesticide actives, agrochemical formulations, 
dermal excipients, personal care product 
ingredients, “challenge” chemicals

• Chemical nominations from multiple 
agencies

– EPA OPP, OPPT, and ORD
– Consumer Product Safety Commission
– Food and Drug Administration
– NTP

• Testing began in late 2017 and will be 
completed in 2020

Expanding Coverage of Chemical Space



Prospective Testing: Agchems and Eye Irritation

• N=16 formulations (donated by companies) tested to date; No single test method 
correctly identified all 16 relative to their in vivo classifications. 

• Combining results of multiple tests in an integrated approach may be useful in correct 
classification

• Results based on binary classification also explored
• Co-organized by NICEATM and the PETA International Science Consortium, with 

stakeholders from ICCVAM, EURL ECVAM, PMRA, and industry

BCOP ICE

EpiO
cula
r

PorCORA
NRR PorCORAEpiOcular



Ocular QSAR Performance – Binary Models

Sedykh et al. SOT 2019

IV    III    II     I

IV    III    II     I

IV    III    II     I



Skin Irritation: Private-Public Partnership 

• Optimization of 3D skin model for testing 
agrochemicals and antimicrobial 
cleaning products (AMCPs)

• Companies donated agrochemical 
formulations and AMCPs

• Protocol optimization studies conducted 
at IIVS

• Regular stakeholder teleconferences to 
discuss updates, data needs, etc.
– PISC, PCRM

– EPA and NTP

– Industry

27

Company # Formulations
Church & Dwight 1

Clorox 9

Colgate 1
Ecolab 36
P&G 8

SCJ 10
Total 65

Skin Data



OECD Guidelines for Skin and Eye Irritation Testing



• Expanded and refined variability 
analyses of the rabbit tests using 
available data from repeat tests. 

– Will provide a metric for comparison

– Will largely rely on ECHA data

– Conditional probabilities assessment

• Continue to compile available data that 
can be used to develop a reference 
chemical set for prospective testing of 
alternative methods

– Data requests to industry

• Establish human relevance

• EPA OPP-led regular stakeholder calls to 
provide updates and request input 

Skin and Eye Irritation Analyses – A Way Forward

Prior
type 1 2A 2B NC Total

1 73% 16.1% 0.4% 10.4% 46
2A 4.2% 32.9% 3.5% 59.4% 138
2B 0.2% 4% 15.5% 80.2% 86
NC 1.1% 3.5% 1.5% 93.9% 400



• Waiver guidance availableDermal lethality

• In silico approaches for single chemicals; additivity 
for formulations under considerationOral lethality

• 3D models being evaluated; LC50 database for 
model development being builtInhalation lethality

• NAMs for Cat I and/or Cat IV? (TG 437, 438, 460, 
491, 492, 494)Eye irritation

• NAMs for Cat I or Cat IV? (TG 430, 431, 435, 439)Skin irritation

• Science policy for using DAsSkin sensitization

Acute 6-Pack Status of Alternative Approaches
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