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Introduction 177 

1. Project 4.116 to develop Defined Approaches for Skin Sensitisation was added to the 178 

OECD Test Guidelines workplan in 2017.  Following a special session of the WNT in 179 

December 2017, an Expert Group on Defined Approaches for Skin Sensitisation (DASS), 180 

including experts in the area of IATA, DAs, quantitative analyses, QSARs, and skin 181 

sensitisation, was convened in early 2018. Through teleconferences and written 182 

commenting, the Expert Group has provided input on a framework for evaluating defined 183 

approaches (Annex C) and has applied the evaluation criteria to the DAs contained in this 184 

document.   The first set of relatively simple, rule-based DAs using validated OECD in 185 

vitro test methods are under consideration for inclusion in a draft GL.   186 

2. This document supports a draft GL covering  three DAs, i.e. the “2 out of 3”, the Kao 187 

Sequential Testing Strategy (STS), and the Kao Integrated Testing Strategy (ITS), These 188 

three DAs have been shown to either provide the same level of information or be more 189 

informative than the rodent Local Lymph Node Assay (LLNA; OECD TG 429) for human 190 

hazard identification (i.e. sensitiser versus non-sensitiser), and the other two DAs (STS, 191 

ITS) have been shown to provide useful information for potency categorisation. The 192 

selection criteria for these initial DAs were 1) in vitro methods used in the DA were 193 

validated OECD Test Guideline methods, and 2) the DA relied on relatively simple, rule-194 

based data interpretation procedures (DIP).  In some cases, the OECD Test Guideline 195 

includes other methodologically and functionally similar assays (i.e. “me too” methods) or 196 

assays that address the same key event endpoint.  However, only the test methods explicitly 197 

stated in this supporting document and associated draft Guideline are currently under 198 

consideration.  Though the other validated in vitro methods may perform equally, it will be 199 

the responsibility of the test method developers to demonstrate the suitability of the 200 

replacement in vitro method in the DAs.  201 

3. This supporting document includes information to support the validation and review of 202 

Defined Approaches (DAs) for Skin Sensitisation under consideration for inclusion in the 203 

OECD Draft Guideline (GL) on DA for Skin Sensitisation.  Information resulting from the 204 

application of the DAs contained in the final GL will be used to meet regulatory data 205 

requirements for skin sensitisation and will be covered under the agreement on the mutual 206 

acceptance of data (MAD).  Much of the information included in this supporting document 207 

has been published previously in OECD Guidance Documents or in scientific journals.  The 208 

information for each DA has been reorganised to follow the Evaluation Framework (Annex 209 

C) for evaluating the suitability of the DAs for inclusion in an OECD GL.   210 

4. The DAs described in this supporting document were originally described in Annex I: 211 

Case studies to the Guidance Document on the Reporting of Defined Approaches and 212 

Individual Information Sources to be Used within Integrated Approaches to Testing and 213 

Assessment (IATA) for Skin Sensitisation, OECD Series on Testing & Assessment 214 

Guidance Document 256 215 

(http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(216 

2016)29/ann1&doclanguage=en). In GD 256, the original performance of the DAs was 217 

evaluated against a smaller set of in vivo and human data.  The description of the potency 218 

information provided by the Kao STS and Kao ITS DAs was originally for ECETOC skin 219 

sensitisation categories.  Prior to initiating expert review of the DAs, the DA developers 220 

http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29/ann1&doclanguage=en)
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29/ann1&doclanguage=en)
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were given the opportunity to update the DAs in advance of this evaluation, and any updates 221 

are indicated 222 

5. Based on the works in institutes and agencies from the lead countries in collaboration 223 

with Cosmetics Europe, and on recommendations from the OECD Expert Group in 224 

December 2017, information on the predictive performance, applicability domain, and 225 

limitations and uncertainties of the individual DAs have been updated in the present 226 

supporting document to include comparisons with a larger set of human and rodent 227 

reference chemical data, and to evaluate potency predictions against the potency categories 228 

for skin sensitisation used by the UN Global Harmonisation System for Classification and 229 

Labelling.  In addition, the Kao ITS has been revised to include OECD QSAR Toolbox 230 

predictions of skin sensitisation potential based on structural analogues in place of 231 

structural alerts resulting from proprietary software.  Background information is 232 

consolidated herein to support the validation and inclusion of the DAs included in the draft 233 

OECD GL. 234 

6. The suitability of these DAs was evaluated by the Expert Group on DASS in Q2 2018, 235 

based on the Evaluation Framework in Annex C.  The expert comments and responses from 236 

the project leads are included in Annex A.   237 

7. This supporting document takes into account requests formulated by the Expert Group 238 

following the reviews of the DAs in Q2 2018 and addresses the comments compiled in 239 

Annex A.  The supporting document was prepared when the draft GL was under 240 

construction and the Expert Group felt that having all information to facilitate the GL 241 

review provided in a single document would be a helpful reference. 242 

8. When reviewing the draft GL, please note that the in vitro information sources are 243 

validated OECD test guideline methods and are not under review.  In addition, the DAs 244 

were submitted by method developers as case studies included in GD 256. The project leads 245 

and Expert Group will not revise DAs, but rather, are tasked with evaluating their suitability 246 

(based on the Evaluation Framework) for inclusion in a guideline.  Reviewers are asked to 247 

consider the information provided in this supporting document when reviewing the draft 248 

Guideline on Defined Approaches for Skin Sensitistaion and provide input, based 249 

evaluation framework, these DAs fulfil the criteria for inclusion in a performance-based 250 

guideline for defined approaches for skin sensitization, and therefore fall under mutual 251 

acceptance of data.  252 
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1.  2 out of 3 253 

9. Section 1 of this document includes information on the “2 out of 3 - Sens ITS”  DA 254 

developed by BASF that was originally presented in OECD GD 256.  The information in 255 

this chapter was reorganised to follow the Evaluation Framework for Defined Approaches 256 

for Skin Sensitisation reviewed and agreed upon by the Expert Group (Annex C).  Further, 257 

the description of the DA was with information from the Cosmetics Europe project 258 

(Kleinstreuer et al. 2018) to better characterize the performance and predictive capacity, 259 

subsequent analyses, and work done by the expert subgroups on uncertainty and 260 

applicability domain characterization.   The 2 out of 3 DA was initially reviewed by the 261 

Expert Group for DASS, and a summary of reviewer comments and responses to comments 262 

from the project leads can be found in Annex A.  The information describing on the DA 263 

was augmented according to Expert Group comments in Q2-Q3 2018, and updated where 264 

indicated below. 265 

1.1. Structure: Information Provided, DA Elements 266 

 267 

1.1.1. Summary  268 

10. The defined approach presented in this document describes an integrated testing 269 

strategy (ITS) for the identification of the skin sensitisation hazard of a substance primarily 270 

for the purposes of classification and labelling without the use of animal testing. The data 271 

interpretation procedure (DIP) is currently not designed to provide information on the 272 

potency of a sensitiser. The combination of test methods used covers the first three key 273 

events (KEs) of the adverse outcome pathway (AOP) leading to skin sensitisation as 274 

formally described by the OECD: KE 1: protein binding (e.g. via the direct peptide 275 

reactivity assay (DPRA); OECD TG 442C); KE 2: keratinocyte activation (e.g. via the 276 

KeratinoSensTM or LuSens assay; OECD TG 442D); and dendritic cell activation [e.g. via 277 

the human cell line activation test (h-CLAT)1 OECD TG 442E]. The prediction model 278 

entails that two concordant results obtained from methods addressing different steps of first 279 

three KEs of the AOP, determine the final classification. Performance and classifications 280 

derived from the 2 out of 3 of 213 substances were compared to both high quality animal 281 

and human data. Depending on the combination of tests used, the 2 out of 3 prediction 282 

model generally achieved accuracies slightly exceeding those of the murine local lymph 283 

node assay (LLNA) when compared to human data. These results compellingly verify the 284 

applicability of this easy to understand integrated testing approach (ITS) for a wide range 285 

of chemicals.  286 

                                                      
1 The modified Myeloid U937 Skin Sensitisation Test (mMUSST) was evaluated in GD 256 Annex I 

but is not currently being considered as an information source within the “2 of 3” Defined Approach 

because it is not a validated OECD in vitro Test Method or in the OECD validation process, and therefore 

does not fit the criteria for Guideline DA selection at this time. 
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1.1.2. General information  287 

Identifier:  288 

11. An AOP - based "2 out of 3" weight of evidence (WoE)/ integrated testing strategy 289 

(ITS) approach to skin hazard identification ("2 out of 3 – Sens ITS"; BASF)  290 

Date:  291 

12. 15 April 2016  292 

Author(s) and contact details:  293 

13. Dr. Robert Landsiedel: BASF SE, GB/TB-Z470, 67056 Ludwigshafen, Germany 294 

Email: robert.landsiedel@basf.com; Tel: +49 621 60-56203 Dr. Annette Mehling: BASF 295 

PCN GmbH, Henkelstr. 67, 40589 Duesseldorf, Germany Email: 296 

annette.mehling@basf.com; Tel: +49 211 7940-9209  297 

Template update(s):  298 

14. Version 1.  299 

Reference to main scientific papers:  300 

15. Bauch C, Kolle SN, Ramirez T, Eltze T, Fabian E, Mehling A, Teubner W, van 301 

Ravenzwaay B, Landsiedel R. (2012) Putting the parts together: combining in vitro 302 

methods to test for skin sensitizing potentials, Regul Toxicol Pharmacol, 63:489-504.  303 

16. Natsch A, Ryan CA, Foertsch L, Emter R, Jaworska J, Gerberick F, Kern P. (2013) A 304 

dataset on 145 chemicals tested in alternative assays for skin sensitization undergoing 305 

prevalidation, J Appl Toxicol, 33:1337-52.  306 

17. Key paper: Urbisch D, Mehling A, Guth K, Ramirez T, Honarvar N, Kolle S, 307 

Landsiedel R, Jaworska J, Kern PS, Gerberick F, Natsch A, Emter R, Ashikaga T, 308 

Miyazawa M, Sakaguchi H. (2015). Assessing skin sensitization hazard in mice and men 309 

using non-animal test methods, Regul Toxicol Pharmacol, 71:337-51.  310 

Proprietary aspects:  311 

18. The antioxidant response element (ARE) based assays use luciferase activity as a 312 

measure of the sensitisation response. The plasmid encoding the luciferase gene is 313 

proprietary to Promega. The terms of use and/or license for the KeratinoSensTM and LuSens 314 

cell-lines can be obtained and include the use conditions for the luciferase reporter gene 315 

construct. Intellectual property rights protect the h-CLAT in Japan.  316 

1.1.3. Endpoint addressed  317 

Endpoint:  318 

19. The endpoint being assessed is the inherent skin sensitisation potential of a substance 319 

for the purpose of hazard identification and classification primarily for regulatory purposes 320 

such as the Globally Harmonized System of Classification, Labelling and Packaging of 321 

Chemicals (GHS; UN GHS rev 1, 2005) and/or for Regulation (EC) No 1907/2006 of the 322 
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European Parliament and of the Council on the Registration, Evaluation, Authorisation and 323 

Restriction of Chemicals (REACH)  324 

Species:  325 

20. The species of interest is humans. As hazard identification is primarily based on animal 326 

data, results of this ITS were compared to both human data (where available) and animal 327 

data (OECD TG 406 and/or OECD TG 429).  328 

Additional information about the endpoint:  329 

21. The adverse outcome pathway (AOP) for skin sensitisation has been formally 330 

described by the OECD (ENV/JM/MONO(2012)10/PART1 and /PART2) and the key 331 

events (KEs) described. An AOP in the AOP-WIKI titled "Skin Sensitisation Initiated by 332 

Covalent Binding to Proteins" can be found under: 333 

https://aopkb.org/aopwiki/index.php/Aop:40). This defined approach uses non-animal 334 

methods to address three KEs defined by the AOP, namely protein binding, keratinocyte 335 

activation and dendritic cell activation. 336 

1.1.4. Definition of the purpose and regulatory relevance  337 

22. The 2 out of 3 was developed to allow the classification of substances as sensitisers or 338 

those that do not need to be classified as such, for regulatory purposes such as the Globally 339 

Harmonized System of Classification, Labelling and Packaging of Chemicals (GHS; UN 340 

GHS rev 1, 2005) and/or for REACH without the need to use animal-based test methods. 341 

Traditionally, hazard identification and classification for this endpoint is covered by animal 342 

tests [OECD TG 406 (induction and elicitation)/OECD TG 429 (induction only)]. The ITS 343 

is not designed to provide information on skin sensitisation potency and subcategorization 344 

of sensitisers into CLP/GHS categories 1A and 1B.  345 

1.1.5. Chemicals used to develop and test the DIP  346 

Availability of training and test sets:  347 

23. The 2 out of 3 approach is based on the predictivities achieved over time with an ever 348 

growing number of chemicals and not based on an in silico model or similar (similar to 349 

how the LLNA was validated; ICCVAM 1999). Therefore, the data is not separated into 350 

test sets and training sets. The initial test set of 54 chemicals was published in Bauch et al., 351 

2012. This data set was expanded to encompass 145 chemicals in Natsch et al. 2013. In 352 

2015, Urbisch et al. further increased the total number of evaluated chemical to 213. Data 353 

and predictivities of the individual tests and the 2 out of 3 approach were compared to 354 

available human and animal data. All relevant information can be easily obtained as open 355 

access Excel files at the publisher’s website of the Urbisch et al. (2015) paper 356 

(http://www.sciencedirect.com/science/article/pii/S0273230014003092).  357 

Selection of the training set and test set used to assess the DIP:  358 

24. The test substances were selected based on the availability of high quality human and 359 

animal sensitisation data, the general availability of the test substances, coverage of a range 360 

of sensitisation potencies observed in vivo, coverage of a wide range of physicochemical, 361 

structural properties and substances classes, and care was also taken to include the 362 

performance standards used in the Local Lymph Node Assay (OECD TG 429). 363 
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Supporting information on the training and test sets:  364 

25. The full set of substances (currently 213 substances) is publically available. Both the 365 

paper and Excel tables (supplementary data) with information on the 213 substances 366 

evaluated (Urbisch et al., 2015), such as CAS numbers, chemical structures, protein 367 

reactivity alerts based on the OECD QSAR toolbox (vers. 3.2), along with the results of the 368 

different tests and 2 out of 3 can be downloaded free of charge (open access) at the 369 

Regulatory Toxicology and Pharmacology Journal website 370 

(http://www.sciencedirect.com/science/article/pii/S0273230014003092#MMCvFirst)  371 

Other information on the training and test sets:  372 

26. For 208 substances, high quality LLNA data were described in the literature or data 373 

bases; LLNA data for a further 5 substances not previously published were also used. 374 

Human data was derived from published literature (e.g. Basketter et al., 2014). Of the 213 375 

substances evaluated by Urbisch et al. (2015) 151 (71%) are considered to be sensitisers 376 

and 62 (29%) to be non-sensitisers according to available LLNA data. Human data were 377 

available for 114 of these substances. For all substances within this data compilation, results 378 

were available for at least two of the investigated non-animal test methods. The set of non-379 

animal test data comprises data originating from the DPRA (results for 199 substances), 380 

KeratinoSens™ assay (results for 195 substances), LuSens assay (results for 77 381 

substances), h-CLAT (results for 166 substances), MUSST (now renamed as USens; results 382 

for 145 substances) and mMUSST data (results for 65 substances). The following substance 383 

classes were assessed: Fragrances (n = 53), preservatives/disinfectants (n = 26), dyes (n = 384 

12), monomers (n = 15), pesticide active ingredients (n = 9), solvents (n = 8), cosmetics 385 

ingredients (n = 14), pharmaceutical ingredients (n = 9), surfactants (n = 5), plasticizers (n 386 

= 3), food/feed ingredients (n = 4), other uses (n = 55). 387 

1.1.6. Supporting information  388 

27. All data (both the publication and test substance information as Excel files) from the 389 

Urbisch et al., 2015 paper (open access) can be downloaded at the Regulatory Toxicology 390 

and Pharmacology website 391 

(http://www.sciencedirect.com/science/article/pii/S0273230014003092). Therefore, no 392 

tables are attached. 393 

1.2. Relevance: Mechanistic Coverage  394 

28. Skin sensitisation is the result of a complex multifactorial sequence of events and has 395 

long been the focus of research. As a consequence, the chemical and biological pathways 396 

involved are relatively well characterised. Eleven steps and four KEs (protein binding, 397 

keratinocyte activation, dendritic cell activation, and antigen-specific T-cell proliferation 398 

with the generation of memory T-cells) leading to the AOP for skin sensitisation have been 399 

formally described and published by the OECD (ENV/JM/MONO(2012)10/PART1 and 400 

/PART2). The rationale for constructing this ITS, was to use well developed test methods 401 

and integrate data that covered the first three KEs of the AOP as these are essential for the 402 

sensitisation process, and subsequent events are dependent on these three events. A further 403 

prerequisite for use was also good quality animal and human data was available and that 404 

details had been published in peer-reviewed journals.  405 

29. The molecular initiating event is defined as the covalent binding of the hapten to skin 406 

proteins. This step is evaluated using the Direct Peptide Reactivity Assay (DPRA; OECD 407 
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TG 442C). Inflammatory and protective responses by the first cells coming into contact 408 

with the substance, the keratinocytes, are essential for downstream events to take place. 409 

Keratinocyte activation is evaluated via the Nrf2-ARE-based KeratinoSensTM and LuSens 410 

assays (OECD TG 442D). Dendritic cells (DCs) transport the hapten to the regional lymph 411 

nodes, present the hapten on the cell surface and, when activated (mature DCs), are able to 412 

present the antigen in the proper context (upregulated cell surface markers, e.g. CD86) to 413 

activate naïve T-cells thereby triggering their proliferation. The potential of a substance to 414 

cause DC activation is assessed using the h-CLAT (OECD TG 442E). These three events 415 

are essential to allow a DC to activate naïve T-cells, which then leads to KE4 – T cell 416 

proliferation and the development of effector T-cells (antigen presentation by mature DC 417 

resulting in sensitisation) or regulatory T cells (antigen presentation by immature DC 418 

resulting in tolerance). T-cell activation (KE 4) is dependent on the activation/maturation 419 

state of the antigen presenting cells (e.g. dendritic cells), i.e. sensitisation only takes place 420 

if the antigen presenting cells (APCs) presenting the antigen are activated, and this is 421 

dependent on the first three key steps. The read-outs and cut-offs to define a positive or 422 

negative result are used as described by the method developers and/or OECD TGs. The 423 

results are then used as a binary yes/no input to obtain the final prediction. In general, the 424 

results of two tests drives the prediction and conducting two of three tests, each addressing 425 

a separate KE, can be considered sufficient if the results are concordant. 426 

1.3. Predictive Capacity: Performance Compared to Reference Data 427 

30. The predictive capacities of this approach are discussed in detail in the Urbisch et al., 428 

2015 paper (free article; 429 

http://www.sciencedirect.com/science/article/pii/S0273230014003092). Some 430 

information is given in Table 1.1. Table 1.2 gives the predictivities of the individual assays 431 

and combinations thereof compared to human data and animal data. The number of test 432 

substances evaluated varies depending the availability of the data sets. 433 

Table 1.1. Sensitisers and non-sensitisers among substances with LLNA data and with 434 

human data on skin sensitisation. (reproduced from GD 256) 435 

 436 
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Table 1.2. Predictivities of the individual assays and combinations compared to human 437 

data and animal data. (reproduced from GD 256) 438 

 439 

31. The interchangeability of the test methods addressing a specific KEwas also analyzed. 440 

A set of 69 substances was tested in the KeratinoSens™ (Givaudan) and the LuSens assay 441 

(BASF). The same overall outcome for 61 of the 69 substances resulted in an 442 

interchangeability of 88%. In the "2 out of 3 – Sens ITS" the predictivities were almost 443 

identical indicating that these two methods can be used interchangeably. Regarding the h-444 

CLAT (Kao and Shiseido) and the (m)MUSST (BASF and P&G), a common set of 105 445 

substances was tested to investigate dendritic cell activation and revealed a lower 446 

interchangeability of these two tests of 72%. More details can be found in the Urbisch et 447 

al. 2015 paper.  448 

32. In addition to the analyses included in Case Study I of Annex I to GD 256, all three 449 

DAs described in this supporting document were evaluated against 128 substances with 450 

both LLNA and human skin sensitization data.  The DAs were first evaluated for the ability 451 

to discriminate between sensitisers and non-sensitisers, and then for their ability to 452 

characterize skin sensitization potency, if that ability was included in the stated purpose of 453 

the DA.  Analyses are described in detail in Kleinstreuer et al. (2018).   454 

Table 1.3. Defined Approach (DA) performance in predicting human hazard (sensitizer/non-sensitizer). 455 

DA Performance vs. Human Data 
“2 out of 3” 

N=127 

LLNA 

N=128 

Accuracy (%) 77.2 74.2 

Sensitivity (%) 79.3 85.2 

Specificity (%) 72.5 50.0 

Balanced Accuracy (%) 75.9 67.6 
Note: _Performance is shown against the maximum subset (N) out of 128 substances with all necessary DA features. 456 
Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced 457 
accuracy is average of sensitivity and specificity. 458 

Source: Kleinstreuer et al. (2018), Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 459 

Table 1.4. Defined approach (DA) performance in predicting LLNA hazard (sensitizer/non-sensitizer). 460 

DA Performance vs. LLNA Data 
“2 out of 3” 

N=127 
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Accuracy (%) 70.1 

Sensitivity (%) 72.3 

Specificity (%) 63.6 

Balanced Accuracy (%) 68.0 
Note: _Performance is shown against the maximum subset (N) out of 128 substances with all necessary DA features. 461 
LLNA: local lymph node assay; Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true 462 
negative rate, and balanced accuracy is average of sensitivity and specificity. 463 

Source: Kleinstreuer et al. (2018). Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 464 
 465 

33. The overall accuracy (correct classification rate), specificity (true negative rate), and 466 

balanced accuracy (average of sensitivity and specificity) were higher for the 2 out of 3 DA 467 

than the LLNA when compared to human data, and the sensitivity (true positive rate) was 468 

slightly lower. When compared to the LLNA as the reference standard, the performance of 469 

the 2 out of 3 DA was in the range of reproducibility of the LLNA test for hazard prediction 470 

(discussed in Section 1.4). 471 

 472 

1.4. Reliability: Reproducibility 473 

34. Information below is provided on the reproducibility of the individual information 474 

sources and the broader impact on the predictions resulting from the DAs.  A more detailed 475 

consideration of the evaluation of uncertainties and reproducibility in the LLNA 476 

benchmark data (Section 4) and the uncertainty and reproducibility of the DAs are taken 477 

collectively (Section 5).  478 

1.4.1. Consideration of uncertainties associated with the application of the defined 479 

approach  480 

Sources of uncertainty  481 

35. This DIP has the purpose of skin sensitisation hazard identification for classification 482 

and labelling purposes. The use of this approach for potency assessments is not yet possible. 483 

The 2 out of 3 testing approach described is an AOP-based approach and addresses the first 484 

three KEs; KE4 is missing and no validated test methods are available for this endpoint. 485 

However, T-cells can develop as either T-effector cells (leading to sensitisation) or as T-486 

regulatory cells (leading to tolerance). Therefore, the assumption is made that the events 487 

leading to antigen presenting cell (dendritic cell) activation is sufficient to drive the T-488 

effector response leading to sensitisation. As the 2 out of 3 testing approach used is based 489 

on data obtained from over 200 chemicals and predictivities and there is no weighting of 490 

the results obtained by the individual methods or KEs covered. For this data set, when 491 

compared to human data, the accuracy of the 2 out of 3  testing approach is better than the 492 

typically used animal test, the LLNA, namely 88-91% depending on the combination of 493 

methods used and available data vs. 82% for the LLNA (see section 9 of GD 256 and 494 

Urbisch et al., 2015). Therefore, the confidence in the prediction for hazard identification 495 

is high when taking the limitations into account.  496 

36. The 2 out of 3 testing approach used in this defined approach has been used to test a 497 

wide range of different chemical types and mechanistic protein-binding domains. As stated 498 

in Section 1.5 (limitations), the metabolic capacities of the cell-based methods is limited 499 

but not non-existent and a number of major xenobiotic enzymes are present. Still 500 
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uncertainties exist when assessing prohaptens. There are also uncertainties with chemicals 501 

acting as acylating agents as Cys reactivity can be decreased (e.g. in favor of Lys reactivity) 502 

and this can lead to false negative results in the OECD TG 442C and  503 

37. A further uncertainty is the quality of the reference data. Biological systems are prone 504 

to variations and mice or guinea pigs are not humans.  505 

1.4.2. The information sources used within the defined approach  506 

38. All test methods used have been shown to be reliable and the reproducibility is good. 507 

This is reflected in that the DPRA, KeratinoSens, LuSens, and h-CLAT assays are now 508 

described by OECD TGs 442C, 442D, 442D, and 442E, respectively. However, an analysis 509 

of the how the uncertainties in individual information sources are propagated within the 510 

DA and impact of sequence of method used in the DA are presented in Section 5.  511 

1.4.3. Benchmark data used  512 

39. The benchmark data that was used to develop the test methods is primarily data 513 

obtained from the murine LLNA.  In the Urbisch et al., 2015 study the LLNA had an 514 

accuracy of 82% when compared to human data. In the original validation study, the LLNA 515 

(and guinea pig tests) was reported to have an accuracy of 72% when compared to human 516 

data (Dean et al., 2001). Variability in the EC3 values of the LLNA has reported depending 517 

on vehicle used, etc. Therefore, the results of the LLNA, but also human data, harbour 518 

uncertainties. An analysis of the uncertainty and reproducibility of LLNA data can be found 519 

in Section 4. 520 

1.4.4. Impact of uncertainty on the DIP's prediction  521 

40. The different uncertainties can have an effect with the hazard potential for skin 522 

sensitisation being either under- or over-estimated. The impact of uncertainties in the 523 

benchmark data will also lead to uncertainties in the predictions made but as much of the 524 

benchmark data is derived from the test methods typically used in the regulatory setting for 525 

hazard identification (OECD TG 429: LLNA, OECD TG 406: GPTs), these uncertainties 526 

are already accepted for this purpose. When taking the limitations and the high degree of 527 

accuracy into account, confidence in the prediction is high. 528 

1.5. Applicability: Technical Limitations, Chemical Space Coverage 529 

41. The information reported in this document is meant to support a consistent approach 530 

to describe the applicability domain of defined approaches (DA) by characterising their 531 

chemical space using existing data. This should be an iterative process that allows for a 532 

redefinition of the chemical space as soon as new knowledge on the method is acquired 533 

(i.e. data for additional chemicals become available).  534 

42. A group of experts, set up to address the above, agreed on characterising the substances 535 

that have been tested using the 2 out of 3 DA, which combines the results of the DPRA, 536 

KeratinoSens, and h-CLAT (OECD, 2018, 2015a, 2015b),  by determining:  537 

1. Physicochemical properties of tested chemicals 538 

2. Chemical reactivity domain of tested chemicals 539 

3. Technical limitations of in vitro methods 540 

4. Activation of tested chemicals (pre- and pro-haptens) 541 
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43. The values of the properties chosen to describe the substances were obtained from 542 

freely available online sources such as the EPA’s chemistry dashboard and the OECD 543 

Toolbox (v4.1) that have been extensively validated against experimental data. It was 544 

decided to use calculated values instead of measured ones due to their availability and 545 

especially due to the fact that it allows a direct comparison with the values obtained for 546 

new compounds as they can be calculated using the very same tools. The purpose of this 547 

exercise is to show the distributions of properties of the chemicals tested with the 2 out of 548 

3 to date and not to substitute calculated values for measured ones during the regulatory 549 

assessment of a substance, which is to be evaluated by the user on a case-by-case basis.  550 

44. The properties of mixtures, UVCBs, and natural products cannot be calculated by the 551 

means mentioned above and need to be considered as special cases.  552 

1.5.1. Physicochemical properties of tested chemicals 553 

45. The properties that were considered relevant for skin sensitization and to be used to 554 

characterize the chemical space of the 2 out of 3 approach were: molecular weight (MW), 555 

boiling point (BP), melting point (MP), vapour pressure (VP), bioconcentration factor 556 

(BCF), octanol-water partition coefficient (logP), and water solubility (WatSol). The 557 

distributions of the values of these properties for the 247 chemicals tested so far using the 558 

2 out of 3 (Urbisch et al., 2015 and Hoffmann et al., 2018) are shown in Figure 1. Chemicals 559 

tested in the 2 out of 3 approach for which human data was available and that resulted in a 560 

FP or FN were colour-coded in blue and red, respectively (see Figure 1A). The same colour 561 

coding was applied to the chemicals of Figure 1B but in this case the FP and FN 562 

corresponded to the LLNA result with respect to human data. Chemicals that were correctly 563 

predicted (TP, TN) and those for which no human data was available were shown in grey.  564 

Figure 1.1. Physicochemical properties that describe the chemicals that have been tested using the 565 
2 out of 3 composed of DPRA, KeratinoSens, and h-CLAT.  566 

From top to bottom: molecular weight (MW), boiling point (BP(ºC)), melting point (MP(ºC)), vapour pressure 567 
(VP(mmHg)), bioconcentration factor (BCF), octanol-water partition coefficient (logP), and water solubility 568 

(WatSol(mol/l)).  569 

  570 
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Figure A shows the distribution of chemicals for each property where false negatives (FN) and false positives (FP) 571 
of the 2 out of 3 with respect to human data have been coloured in red and blue, respectively.  572 

 573 

                 574 

 575 
  576 

A 
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Figure B shows the same distribution of chemicals for each property where FN and FP of the local lymph node 577 
assay (LLNA) with respect to human data have been coloured in red and blue, respectively. True positives (TP), 578 
true negatives (TN) and chemicals with no available human data (NA) are shown in dark grey. The distributions 579 

of chemicals are represented as violin plots, which are wider in the regions with more chemicals. 580 

 581 

 582 
Note: The ranges of the properties shown in Figure 1 are summarized in Table 1.  583 
Source: All properties were obtained from the chemistry dashboard (https://comptox.epa.gov/dashboard/) and 584 
correspond to the predictions obtained using the OPERA model (Mansouri et al., 2018). 585 

  586 

Table 1.5. Summary of the physicochemical property ranges that describe the chemical space of 587 
the chemicals tested using the 2 out of 3 588 

  589 

Property Min-Max 

MW(g/mol) 30-1310 

BP(ºC) -20-485 

https://comptox.epa.gov/dashboard/
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MP(ºC) -117-231 

VP(mmHg) 0-826 

BCF 1-1730 

logP -2.6-9.4 

WatSol(mol/l) 0-14.9 

 590 

1.5.2. Chemical reactivity domain of tested chemicals 591 

46. The chemical reactivity domains covered by the chemicals tested using the 2 out of 3 592 

were determined with the Toolbox 4.1 using the profiler “Protein binding alerts for skin 593 

sensitization by OASIS” v1.5. The 247 chemicals tested in Hoffmann et al. 2018 and 594 

Urbisch et al. 2015 cover the following reaction domains:  595 

Table 1.6. List of chemical reactivity domains found for the chemicals tested using the 2 out of 3 596 

Chemical reactivity domain 
Number of 

Chemicals 

Acylation 18 

Acylation, SN2 2 

Metal* 4 

Michael addition 31 

Michael addition, Nucleophilic addition 1 

Michael addition, Schiff base formation 2 

No alert found 122 

Nucleophilic addition 2 

Schiff base formation 35 

SN2 18 

SN2, SNVinyl 1 

SNAr 5 

No defined structure (e.g. Ylang Ylang) 6 

Total 247 

Note:* Chemicals with metals were manually classified since they react with proteins with mechanisms different than covalent binding. 597 

 598 

47. Other possible chemical reactivity domains included in the “Protein binding alerts for 599 

skin sensitization by OASIS” v1.5 that were not found in the current list of chemicals are:  600 

 Ionic interaction 601 

 Radical reactions 602 

 SN1 603 

 SN2Ionic 604 

48. The result of the 2 out of 3 and of LLNA with respect to human data for each chemical 605 

reactivity group is shown in Figure 2. Only chemicals with available human data are shown 606 

in Figure 2. The values of the stacked bars do not exactly correspond to the number of 607 

chemicals tested as 4 chemicals were found to belong to 2 chemical reactivity groups (e.g. 608 
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Michael addition and Schiff base formation), and therefore, these chemicals were counted 609 

twice. 610 

Figure 1.2. Bar graphs of the chemical reactivity domains determined by the OECD Toolbox 611 
profiler “Protein binding alerts for skin sensitisation by OASIS” v1.5 for the set of 247 chemicals 612 
tested using the 2 out of 3 composed of DPRA, KeratinoSens, and h-CLAT.  613 

 614 

The results of the 2 out of 3 with respect to human data for each chemical reactivity domain are shown in Figure 615 
A and those of the LLNA with respect to human data in Figure B. FN are shown in red, FP in blue, and TP, TN 616 
and those chemicals for which no human data was available are shown in grey. The values of the left column of 617 
each graph (“No alert found”) correspond to the left axis while the values of rest of columns correspond to the 618 

right axis. 619 

 620 

      621 

1.5.3. Technical and predictive limitations of the in vitro methods 622 

 623 

49. The limitations of the in vitro methods used in the 2 out of 3 are indicated in the 624 

corresponding test guidelines (OECD, 2018, 2015a, 2015b) and the text of the guidelines 625 

is summarized in Table 3. 626 

50. It is important to separate these limitations into 627 

1. technical limitations 628 

2. limitations in the predictivity for certain classes 629 

51. The technical limitations may make a chemical not testable in one or more component 630 

methods of the 2 out of 3 approach and may thus limit its applicability domain. For example 631 

if a chemical cannot technically be tested in two assays, it will be outside of the applicability 632 

domain. If a chemical cannot be tested in one test, a definitive predication cannot be made 633 

if the two other tests do not give a concordant result. The applicability domains of the 634 

individual assays are hence thought to complement each other. 635 

52. The predictivity limitations of some individual assays for certain classes of 636 

chemicals do not necessarily limit the applicability domain of the DA – one of the 637 

advantages of DA (not limited to the 2 out of 3) is to overcome blind spots / predictivity 638 

limitations of single tests. Thus whether the limitations in predictivity for the tests as stand-639 

A B 
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alone assays summarized in the OECD guidelines translate to limited applicability domain 640 

of the 2 out of 3 (or any other DA) can only be assessed by checking the predictive capacity 641 

of the overall approach (see Section 1.3). 642 

Table 1.7. Limitations as defined in the OECD guidelines 442 C, D and E.  643 

Technical limitations are highlighted in bold. This table will be updated as the test guidelines are revised.. 644 

TG 442C DPRA 
TG 442 D KeratinoSens™ and 

LuSens 
TG 442E h-CLAT and U-SENS 

Metals are outside the 

applicability of the DPRA since 

they react with proteins with 

mechanisms different than 

covalent binding. 

 

Evaluation of the reactivity of the 

electrophile is limited to cysteine 

and lysine. Test chemicals with 

selective reactivity towards other 

nucleophiles may not be detected 

by the assay. 

 

Test chemicals must be stable 

under the test conditions (e.g. 

DPRA uses highly alkaline 

conditions for lysine reactivity). 

 

Peptide depletion due to adduct 

formation, dimerization or 

oxidation of the peptide cannot be 

differentiated from peptide 

depletion. 

 

Test chemicals having the same 

retention time as the cysteine 

and/or the lysine peptides may 

provide inconclusive results. 

 

Due to the defined molar ratio 

of the test chemical and peptide, 

the current method cannot be 

used for the testing of complex 

mixtures of unknown 

composition (it is technically 

applicable to mixtures of known 

composition) or for substances 

of unknown or variable 

composition, complex reaction 

products or biological materials 

(i.e UVCB substances) due to 

The test method is not 

applicable to the testing of 

chemicals which are not soluble 

or do not form a stable 

dispersion. 

 

Highly cytotoxic chemicals 

cannot always be reliably 

assessed. 

 

Test chemicals that strongly 

interfere with the luciferase 

enzyme (e.g. phytoestrogens) 

cannot be reliably tested. 

 

Chemical stressors other than 

electrophilic chemicals may 

activate the Keap1-Nrf2-ARE 

pathway leading to false positive 

predictions. 

 

Substances with an exclusive 

reactivity towards lysine-residues 

are likely to give negative results, 

e.g. acyl transfer agents. 

 

 

 

 

The test method is not 

applicable to the testing of 

chemicals which are not soluble 

or do not form a stable 

dispersion̶. 

 

Highly cytotoxic chemicals 

cannot always be reliably 

assessed. 

 

Strong fluorescent test 

chemicals emitting at the same 

wavelength as FITC or as 

propidium iodide (PI) may 

interfere with the flow-

cytometry light-signal 

acquisition. 

 

Membrane disrupting substances 

(e.g. surfactants) can lead to false 

positive results in the U-SENS. 

 

Test chemicals with a logP of 

greater than 3.5 and tend to 

produce false negative results in 

the h-CLAT.  

 

Test substances present as 

insoluble (but stably dispersed) 

particles may interfere with the 

cell viability assessment using 

flow cytometry. 
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the defined molar ratios of test 

chemicals and peptides. 

  645 

1.5.4. Activation of chemicals (pre- and pro-haptens) 646 

 647 

53. Putting the limitations listed in the current key event-based OECD test guideline 648 

versions into perspective, pre- and pro-haptens are not expected to be a source of concern 649 

for the 2 out of 3 as they have been shown to be correctly predicted by the in vitro methods 650 

which compose the 2 out of 3 approach as some metabolic capacity was demonstrated in 651 

the cell lines used in the 2 out of 3 (Fabian et al., 2013; Hoffmann et al., 2018; Patlewicz 652 

et al., 2016; Urbisch et al., 2016). It has been shown that pre-haptens, many of which 653 

involve autoxidation processes, can readily be detected in the DPRA. Many pro-haptens 654 

are also activated by non-enzymatic oxidation, and therefore are pre- and pro-haptens. The 655 

cellular models h-CLAT, KeratinoSens and LuSens have been shown to detect pro-haptens 656 

more efficiently as enzyme activity was detected in the cell lines (Fabian et al., 2013). In 657 

addition, the 2of3 DA has been shown to more effectively detect pre- and pro-haptens than 658 

the LLNA when compared to human data (Kleinstreuer et al., 2018). Therefore, pre- and 659 

pro-haptens are considered to fall within the applicability domain of the 2 out of 3. 660 

54.   661 

1.6. Complexity: Data Interpretation Procedure 662 

55. Within the 2 out of 3 DA, three methods are used reflecting the first three KEs in the 663 

sensitisation process (protein binding, keratinocyte activation, DC activation). The DIP 664 

applied uses the readout of the prediction models of each of the individual test methods 665 

and/or information sources as defined by the method developer or test guideline (see also 666 

Annex II to GD 256). The substance is then classified as a sensitiser or not for that specific 667 

method and KE (binary answer: yes or no; see also the reporting of the individual 668 

information sources for more details). The DIP then defines that two concordant results 669 

addressing two different KEs indicate the sensitising potential, i.e. two positive results 670 

indicate a sensitiser, two negative results indicate a non-sensitiser. This also implies that if 671 

the first two tests conducted yield a) concordant results, the third does not need to be 672 

performed, or b) discordant results in the first two tests necessitates conducting a third test 673 

addressing a third KE (Figure I.1). 674 

56. As there is no differential weighting of the individual test methods used and no 675 

predefined sequential order of testing, the order and information source from which data is 676 

obtained is not defined. Due to the higher complexity and resources needed (e.g. flow 677 

cytometer needed) to conduct the tests used for KE 3, the DPRA (KE1) and Nrf2-ARE-678 

based tests (KE2) will usually be conducted first. The 2 out of 3 DA is quantitative in that 679 

the values from measurements are obtained in each of the individual test methods used. It 680 

is qualitative as these values play a secondary role as only binary (positive/negative) results 681 

drive the final prediction. The results from the “third” test can then be useful, e.g. to obtain 682 

a two out of three prediction when the first two tests are not concordant, or to further 683 

corroborate a prediction when assessing when borderline results are achieved. 684 
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Figure 1.3. Schematic of the “2 out of 3” defined approach. OECD TG methods for Key Events 685 
(KE) 1-3 are run in an undefined order until at least two of the three methods show consensus. 686 

 687 

1.7. Transparency: Availability of Elements for Review  688 

Direct Peptide Reactivity Assay (DPRA; OECD TG 442C; KE1): Skin sensitisers are 689 

generally electrophilic and react with the nucleophilic moieties of proteins. The DPRA 690 

measures depletion of two peptides containing either cysteine or lysine residues due to covalent 691 

binding. The prediction model describes in OECD TG 442C is used to identify positive and 692 

negative results.  693 

KeratinoSensTM and/or LuSens assay (In Vitro Skin Sensitisation: ARE-Nrf2 694 

Luciferase Test Method OECD TG 442D; KE2); Keratinocytes harbouring a reporter 695 

gene construct react to possible sensitisers via the Nrf2-Keap1 pathway. Substances are 696 

considered to be positive in the KeratinoSensTM if they induce a statistically significant 697 

induction (1.5fold at viabilities > 70%) of the luciferase gene over the vehicle controls. The 698 

prediction model describes in OECD TG 442C is used to identify positive and negative results.  699 

Human cell-line activation test (h-CLAT)  700 

(OECD TG 442E; KE 3): Activation of antigen presenting cells (APCs) is characterized by the 701 

up-regulation of CD86 and/or CD54. The h-CLAT is considered to be positive if CD86 702 

induction exceeds 1.5fold and CD54 exceeds 2.0fold at viabilities > 50% when compared to 703 

the vehicle control.  704 

57. A detailed description of the information sources used within the BASF 2 out of 3 approach 705 

cans be found in Annex II: Information Sources Used Within the Case Studies to the Guidance 706 

Document on the Reporting of Defined Approaches and Individual Information Sources to be 707 

Used within Integrated Approaches to Testing and Assessment (IATA) for Skin Sensitisation, 708 

OECD Series on Testing & Assessment Guidance Document 256 (Error! Hyperlink 709 

reference not valid. 710 

Test Chemical

KE a KE b

Concordant?

Classify 
based on 

concordance

KE c

YES NO

Classify 
based on 2/3 

concordance
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2.  Kao STS 795 

58. Section 2 of this document includes information on the Kao Sequential Testing 796 

Strategy (STS) DA as originally presented in OECD GD 256, reorganised to follow the 797 

Evaluation Framework for Defined Approaches for Skin Sensitisation (DASS) that was 798 

reviewed and agreed upon by the Expert Group (Annex C), as well as updated information 799 

from the Cosmetics Europe project (Kleinstreuer et al. 2018) to better characterize the 800 

performance and predictive capacity, subsequent analyses, and work done by the expert 801 

subgroups on uncertainty and applicability domain characterization. The Kao STS was 802 

initially reviewed by the Expert Group for DASS, and a summary of reviewer comments 803 

and responses to comments from the project leads can be found in Section 4.  The 804 

information describing the DA was augmented according to Expert Group comments in 805 

Q2-Q3 2018, and updated where indicated below. 806 

59. The Kao STS is described as case study X (page 150) of  Annex I: Case studies to the 807 

Guidance Document on the Reporting of Defined Approaches and Individual Information 808 

Sources to be Used within Integrated Approaches to Testing and Assessment (IATA) for 809 

Skin Sensitisation, OECD Series on Testing & Assessment Guidance Document 256 810 

(http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(811 

2016)29/ann1&doclanguage=en).  Briefly, the combinations of methods covers key events 812 

(KEs) 1 and 3 of the adverse outcome pathway (AOP) leading to skin sensitisation.  Any 813 

chemical that produces a positive result in either the Direct Peptide Reactivity Assay 814 

(DPRA) (OECD TG 442C), or the Human Cell Line Activation Test (h-CLAT) (OECD TG 815 

442E) is indicated as a sensitiser, and two negative results indicate a non-sensitiser. 816 

60. A detailed description of the information sources used within the Kao STS approach 817 

can be found in Annex II: Information Sources Used Within the Case Studies to the 818 

Guidance Document on the Reporting of Defined Approaches and Individual Information 819 

Sources to be Used within Integrated Approaches to Testing and Assessment (IATA) for 820 

Skin Sensitisation, OECD Series on Testing & Assessment Guidance Document 256 821 

(http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(822 

2016)29/ann2&doclanguage=en). The Kao STS approach uses information resulting from 823 

the Direct Peptide Reactivity Assay (DPRA) (OECD TG 442C) and the Human Cell Line 824 

Activation Test (h-CLAT (OECD TG 442E).  Each information source is described in detail 825 

in Annex II of GD 256. 826 

2.1. Structure: Information Provided, DA Elements 827 

2.1.1. Summary  828 

61. The defined approach presented in this document is constructed as a sequential testing 829 

strategy (STS) for prediction of the skin sensitisation potential and potency of a substance. 830 

The test methods used address two key events (KEs) 1 and 3 as defined in OECD Adverse 831 

Outcome Pathway (AOP) of skin sensitisation: KE 1 of protein binding is evaluated using 832 

the Direct Peptide Reactivity Assay (DPRA; OECD TG 442C); KE 3 of dendritic cell 833 

activation is evaluated using the human cell line activation test (h-CLAT). This STS 834 

described here is based on 139 chemicals classified as Sensitisers / Non-Sensitisers (S/NS) 835 

in the LLNA. The underlying rationale of this STS is that any substance which is judged as 836 

positive by either DPRA or by h-CLAT is a sensitiser, i.e. one positive result in either 837 

DPRA or h-CLAT indicated a sensitiser, and two negative results indicated a non-838 

http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29/ann1&doclanguage=en)
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29/ann1&doclanguage=en)
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29/ann2&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29/ann2&doclanguage=en
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sensitiser. The quantitative dose-response outcomes in the h-CLAT correlate to sensitising 839 

potency based on the EC3 values in the LLNA, and have been updated to correspond to the 840 

GHS classification and labelling system. The strong class in the h-CLAT is available to 841 

predict EC3<2% in LLNA (Strong, GHS sub-category 1A). Either the weak class in the h-842 

CLAT or the positive result in the DPRA is available to predict EC3≥2% (Weak, GHS sub-843 

category 1B). The potency prediction is given as three rank classes corresponding to GHS 844 

sub-classification: EC3<2% in LLNA (1A), EC3≥2% (1B), Non-Sensitisers (NS). 845 

2.1.2. General information  846 

Identifier:  847 

62. Sensitising potency classification based on AOP KEs 1 and 3   848 

Date:  849 

63. 3 May2016 and updated 26 September 2018  850 

Author(s) and contact details:  851 

64. Masaaki Miyazawa, Ph.D., R&D – Core Technology – Safety Science Research, Kao 852 

Corporation, 2606 Akabane, Ichikai-machi, Haga-gun, Tochigi 321-3497, Japan 853 

miyazawa.masaaki@kao.co.jp; Tel +81-285-68-7342   854 

Template update(s):  855 

65. Version 2.  856 

Reference to main scientific papers:  857 

66. Takenouchi et al. (2015). Test battery with the human cell line activation test, direct 858 

peptide reactivity assay and DEREK based on a 139 chemical data set for predicting skin 859 

sensitizing potential and potency of chemicals. J Appl Toxicol 35, 1318-1332.  860 

67. Nukada et al. (2013). Data integration of non-animal tests for the development of a test 861 

battery to predict the skin sensitizing potential and potency of chemicals. Toxicol in Vitro, 862 

27, 609-618.  863 

68. Nukada et al. (2012). Prediction of skin sensitization potency of chemicals by human 864 

Cell Line Activation Test (h-CLAT) and an attempt at classifying skin sensitization 865 

potency. Toxicol in Vitro, 26:1150-60.  866 

Proprietary aspects:  867 

69. None.  868 

2.1.3. Endpoint addressed  869 

Endpoint:  870 

70. This STS predicts skin sensitisation potential (hazard identification: S/NS) and potency 871 

(three rank classes: Strong, Weak, and Non-Sensitisers (NS)), based on readouts from 872 

assays addressing AOP KEs 1 and 3. Thus, it is addressing the endpoint of existing test 873 

guidelines e.g. Local Lymph Node Assay (LLNA) (OECD TG 429), Guinea Pig 874 

Maximisation Test (GPMT) and Buehler Test (OECD TG 406).   875 
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Species:  876 

71. Mouse (primary target), Human (secondary target).   877 

Additional information about the endpoint:  878 

72. Skin sensitisation is the result of a complex multifactorial sequence of events. There 879 

are four KEs in the chemical and biological pathways (protein binding, keratinocyte 880 

activation, dendritic cell activation, and proliferation of antigen-specific T-cells) as the 881 

AOP for skin sensitisation defined by the OECD (2012). This STS uses quantitative data 882 

from in chemico assay addressing the intrinsic chemical reactivity (KE 1) and in vitro assay 883 

addressing capacity to induce dendritic cell activation (KE 3). 884 

2.1.4. Definition of the purpose and regulatory relevance  885 

73. This STS was developed to predict the skin sensitisation potential (Sensitisers or Non-886 

Sensitisers) of a substance for the purpose of classification and labelling under the GHS 887 

scheme without animal testing. The potency predictions of this STS were originally applied 888 

to obtain three rank classes and compared using the following schema: EC3<1% in LLNA 889 

(Strong), EC3≥1% (Weak), Non-Sensitisers (NS); the comparison has now been updated 890 

to correspond to GHS sub-classification into subcategory 1A (EC3<2% in LLNA) and 1B 891 

(EC3≥2%).   892 

2.1.5. Chemicals used to develop and test the DIP  893 

Availability of training and test sets:  894 

74. The training set of 139 chemicals is published in J Appl Toxicol and can be accessed 895 

through this link http://onlinelibrary.wiley.com/doi/10.1002/jat.3127/full. 896 

 Selection of the training set and test set used to assess the DIP:  897 

75. The training set were selected based on the availability of good quality animal data, 898 

coverage of a range of sensitising potency observed in LLNA, a variety of physic-chemical 899 

and chemical structural properties, and commercial availability of test substances. 900 

Supporting information on the training and test sets:  901 

76. None  902 

Other information on the training and test sets:  903 

77. None. 904 

2.1.6. Supporting information  905 

78. The training set of 139 chemicals is published in J Appl Toxicol and can be accessed 906 

through this link http://onlinelibrary.wiley.com/doi/10.1002/jat.3127/full. 907 

2.2. Relevance: Mechanistic Coverage  908 

79. This STS is developed based on the molecular initiating event (KE 1) and the cellular 909 

response of dendritic cells (KE 3) in the skin sensitisation AOP to predict the sensitising 910 

potential and potency. The molecular initiating event (KE 1) leading to skin sensitisation 911 

http://onlinelibrary.wiley.com/doi/10.1002/jat.3127/full
http://onlinelibrary.wiley.com/doi/10.1002/jat.3127/full
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is postulated to be covalent binding of electrophilic chemical species to selected 912 

nucleophilic molecular sites of action in skin proteins.  913 

80. The covalent binding to skin proteins is evaluated using the Direct Peptide Reactivity 914 

Assay (DPRA), which is now the OECD TG 442C. The activation of dendritic cells (DC) 915 

is typically assessed by expression of specific cell surface markers, chemokines and 916 

cytokines. The h-CLAT is proposed to address the KE 3 (dendritic cell activation) of the 917 

skin sensitisation AOP and is now the OECD TG 442E.  918 

81. In this STS, the assay related to KE 2 is not included, but DPRA cysteine depletion 919 

(KE 1) and KeratinoSensTM covering KE 2 are mechanistically relevant (Joanna et al., 920 

2013). The key molecular pathway (Nrf2-ARE pathway) induced in KeratinoSensTM 921 

corresponds to cysteine reactivity with the Keap1 sensor protein. In addition, the Nrf2 922 

activation is induced by sensitisers and not by non-sensitisers in THP-1 cells, and could 923 

function as one of the danger signals to lead to the phenotypic alterations on THP-1 cells 924 

(Migdal et al., 2013; Ade et al., 2009). Thus, there is a mechanistic rationale that DPRA 925 

and h-CLAT could be linked to KeratinoSensTM (KE 2).  926 

82. The underlying rationale of this STS is that any substance which is judged as positive 927 

by either DPRA OR by h-CLAT is a sensitiser, i.e. one positive result in either DPRA or 928 

h-CLAT indicated a sensitiser, and two negative results indicated a non-sensitiser. 929 

2.3. Predictive Capacity: Performance Compared to Reference Data 930 

83. For prediction of sensitising potential based on the STS, the sensitivity, specificity, and 931 

accuracy for hazard identification are 90%, 54%, and 81%, respectively, for the collection 932 

of 139 chemicals as originally reported in GD 256 (Table 2.1a).  933 

84. The STS categorised 19 of 29 extreme and strong sensitisers (EC3<1%) in the strong 934 

class and 57 of 73 moderate and weak sensitisers (EC3≥1%) in the weak class as originally 935 

reported in GD 256 (Table 2.1b). As for the three-rank classification by the STS, the over-936 

prediction rate, under-prediction rate, and overall accuracy were 17%, 14%, and 69%, 937 

respectively.  938 

85. When the analysis is repeated while excluding the negative results for 10 chemicals (8 939 

sensitisers and 2 non-sensitisers) with log Kow > 3.5, the sensitivity, specificity, and 940 

accuracy of the STS were 98% (92 of 94 sensitisers), 51% (18 of 35 non-sensitisers), and 941 

85% (111 of 129 chemicals), respectively. With these exclusions, the three-rank 942 

classification achieved overall accuracies (compared to LLNA) of 73% (94 of 129 943 

chemicals) for the STS. 944 

 945 

Table 2.1. Predictive performance of Sequential Testing Strategy (STS) in determining sensitising (a) potential 946 
and (b) potency (reproduced from GD 256) 947 
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 948 

 949 

86. In addition to the analyses included in Case Study I of Annex I to GD 256, all three 950 

DAs described in this supporting document were evaluated against 128 substances with 951 

both LLNA and human skin sensitization data.  The DAs were first evaluated for the ability 952 

to discriminate between sensitisers and non-sensitisers, and then for their ability to 953 

characterize skin sensitization potency, if that ability was included in the stated purpose of 954 

the DA.  Analyses are described in detail in Kleinstreuer et al. (2018).   955 

87.  Following recommendations from the Expert Group for DASS, the predictive 956 

performance of the DAs was reanalyzed for the three skin sensitisation potency categories 957 

used in the UN Global Harmonisation System for Classification and Labelling.  The 958 

summary information in provided in Tables 2.2-2.5 below and the data supporting the 959 

analyses are included in Section 5 and Annex D. 960 

Table 2.2. Defined Approach (DA) performance in predicting human hazard (sensitizer/non-sensitizer). 961 

DA Performance vs. Human Data 
“STS” 

N=126 

LLNA 

N=128 

Accuracy (%) 80.2 74.2 

Sensitivity (%) 97.7 85.2 

Specificity (%) 41.0 50.0 

Balanced Accuracy (%) 69.4 67.6 
Note: Performance is shown against the maximum subset (N) out of 128 substances with all necessary DA features. 962 
Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced 963 
accuracy is average of sensitivity and specificity. 964 
 965 

Source: Kleinstreuer et al. (2018). Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 966 
 967 

https://doi.org/10.1080/10408444.2018.1429386
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Table 2.3. Defined approach (DA) performance in predicting LLNA hazard (sensitizer/non-sensitizer). 968 

DA Performance vs. LLNA Data 
“STS” 

N=126 

Accuracy (%) 77.8 

Sensitivity (%) 92.6 

Specificity (%) 34.4 

Balanced Accuracy (%) 63.5 
Note: Performance is shown against the maximum subset (N) out of 128 substances with all necessary DA features. 969 
Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced 970 
accuracy is average of sensitivity and specificity. 971 

Source: Kleinstreuer et al. (2018). Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 972 
 973 

Table 2.4. Defined Approach (DA) performance in predicting human sensitizing potency. 974 

DA Performance vs. Human Data 
“STS” 

N=126 

LLNA 

N=128 

Accuracy (%) 63.5 59.4 

Over-predicted (%) 22.2 19.5 

Under-predicted (%) 14.3 21.1 
Note: Performance was assessed for prediction of three potency classes as described in the main text, and is shown against 975 
the maximum subset (N) out of 128 substances with all necessary DA features. Human reference data was derived from 976 
Basketter et al. 2014 as described in Kleinstreuer et al. 2018. 977 

Source: Kleinstreuer et al. (2018). Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 978 
 979 

Table 2.5. Defined Approach (DA) performance in predicting LLNA sensitizing potency. 980 

DA Performance vs. LLNA Data 

(GHS sub-classification) 

“KE 3/1 STS” 

N=126 

Accuracy (%) 65.9 

Over-predicted (%) 19.8 

Under-predicted (%) 14.3 
Note: Performance was assessed for prediction of three potency classes (GHS sub-categories) as described in the main text, 981 
and is shown against the maximum subset (N) out of 128 substances with all necessary DA features.  982 

 983 

2.4. Reliability: Reproducibility 984 

88. Reliability: Information below is provided on the reproducibility of the individual 985 

information sources and the broader impact on the predictions resulting from the DAs.  A 986 

more detailed consideration of the evaluation of uncertainties and reproducibility in the 987 

LLNA benchmark data (Section 4) and the uncertainty and reproducibility of the DAs are 988 

taken collectively (Section 5).  989 

https://doi.org/10.1080/10408444.2018.1429386
https://doi.org/10.1080/10408444.2018.1429386
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2.4.1. Consideration of uncertainties associated with the application of the defined 990 

approach  991 

Sources of uncertainty  992 

89. 1. The DIP’s structure,  993 

 KE 4 is not included due to lack of available tests.  994 

 The Sequential Testing Strategy (STS) covers KE 1 and 3 of AOP and is based on a 995 

dataset of 139 chemicals. The confidence in the prediction for hazard identification is 996 

high, when similar chemicals are available in this data set and the limitations are taken 997 

into account.  998 

 The confidence is lower for chemicals with log Kow > 3.5.  999 

 The confidence is lower for prehaptens and prohaptens due to limited metabolic 1000 

capacities of test methods.  1001 

2.4.2. The information sources used within the defined approach  1002 

90. DPRA and h-CLAT has been validated under the ECVAM. Reproducibility of peptide 1003 

reactivity and CD86/CD54 measurements are very high. However, an analysis of the how 1004 

the uncertainties in individual information sources are propagated within the DA and 1005 

impact of sequence of method used in the DA are presented in Section 5. 1006 

2.4.3. Benchmark data used  1007 

91. The Sequential Testing Strategy (STS) for hazard identification is based on the data 1008 

from LLNA. The variability of EC3 values of LLNA has been reported depending on 1009 

vehicle used and laboratories. Therefore, the uncertainty in misprediction of EC3 values is 1010 

taken into account. An analysis of the uncertainty and reproducibility of LLNA data can be 1011 

found in Section 4. 1012 

2.4.4. Impact of uncertainty on the DIP's prediction  1013 

92. Some uncertainty might cause to under- or over-estimation of hazard identification and 1014 

potency classification for the Sequential Testing Strategy (STS). For a new test chemical, 1015 

the similar chemicals with in vitro or in vivo data should be checked. Confidence in the 1016 

predictions is high if the limitations are taken into account and similar chemicals are 1017 

included in training set. 1018 

2.5. Applicability: Technical Limitations, Chemical Space Coverage 1019 

93. Placeholder.  The subgroup on Domain of Applicability has evaluated how to better 1020 

characterize AD by using the 2 out of 3 DA as case study (Section 1.5). Once the proposed 1021 

approach is agreed upon this will be applied and reported in full here, and a summary will 1022 

be incorporated into the text describing each DA in the "Applicability Domain and 1023 

Limitations" section of the draft GL.  1024 
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2.5.1. Limitations:  1025 

94. The strengths and limitations on individual test methods are described in the individual 1026 

data sources (see Annex II of GD 256). Chemicals that fall outside the applicability 1027 

domains of the DPRA and h-CLAT cannot be applicable to the STS. 1028 

Technical limitations:  1029 

95. Low water soluble chemicals with log Kow > 3.5. For the DPRA, test chemicals should 1030 

be soluble in an appropriate solvent such as acetonitrile or water. For the h-CLAT, test 1031 

chemicals should be soluble or form a stable dispersion in DMSO or saline.  1032 

Substance related limitations:  1033 

96. Pre- and pro-haptens might not be reliably predicted due to lack of metabolic capacities 1034 

in both the DPRA and h-CLAT.  1035 

97. When information from the different individual data sources is integrated in the STS, 1036 

the individual limitation can be minimized and the STS can lead to correct classification of 1037 

pre- /pro-haptens and low water soluble chemicals. 1038 

2.6. Complexity: Data Interpretation Procedure 1039 

98. In this STS, in order to predict skin sensitising potential, the conservative decision is 1040 

conducted by weighing one positive result in the individual assay. In fact, the conservative 1041 

decision approach using two assays (DPRA and h-CLAT) vs three assays (DPRA, 1042 

KeratinoSensTM, and h-CLAT) could be compared to predict skin sensitising potential 1043 

based on the 101 chemical dataset (Urbisch et al., 2015), but it was found that it only 1044 

slightly improves sensitivity and markedly decrease specificity.  1045 

99. Regarding the sequential order of testing, h-CLAT, which has higher sensitivity and 1046 

accuracy than DPRA in the training data set, is designated as a first step for the STS, taking 1047 

into account the time and cost effectiveness by reducing the number of false negatives; 1048 

positive results in h-CLAT are classified as strong or weak class based on a cut-off of 10 1049 

μg/ml (Figure X.1). When the MIT is above 10 and below 5000 μg/ml, the substance is 1050 

classified as a weak sensitiser. In the case of negative results in h-CLAT, DPRA is 1051 

performed as a second test. If DPRA yields positive results, the chemical is classified as a 1052 

weak sensitiser. Test chemicals that were negative in both tests were considered as not-1053 

classified. This yields a qualitative result (positive/negative and three rank classes). 1054 
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Figure 2.1. Sequential Testing Strategy using h-CLAT and DPRA for potency prediction. 1055 

 1056 

 1057 

2.7. Transparency: Availability of Elements for Review  1058 

2.7.1. DPRA (OECD TG 442C)  1059 

100. The DPRA is addressing the peptide binding. Haptens applied to the skin are 1060 

covalently binding to nucleophilic residues (i.e. cysteine, lysine) in dermal proteins. 1061 

Binding of chemicals to the skin protein is an essential step for sensitiser to obtain 1062 

allergenicity (OECD, 2012). Substances that induced mean peptide depletion of cysteine- 1063 

and lysine-containing peptide above 6.38% are considered to have peptide reactivity of 1064 

sensitiser. Substances predicted as sensitiser are defined to have potential to be strong or 1065 

weak sensitiser based on 22.62% of mean peptide depletion.  1066 

2.7.2. h-CLAT  1067 

101. The h-CLAT addressing DC activation. When a hapten is applied to the skin, 1068 

surface molecules (i.e. CD54, CD86) on skin DCs were up-regulated through the 1069 

maturation process. Since CD54 is involved in DC migration to draining lymph nodes and 1070 

CD86 stimulates T cell activation during antigen-presentation by DC, both molecules are 1071 

essential in the induction of skin sensitisation. Substances inducing a fold induction greater 1072 

than 2-fold for CD54 and/or 1.5-fold increase for CD86 at cell viabilities above 50% are 1073 

predicted to have a DC activating potential of sensitiser (Ashikaga et al., 2010). From the 1074 

dose-dependency curves of experiments, the median concentration(s) inducing 1.5- and/or 1075 

2-fold induction of CD86 and/or CD54 are calculated and the resulting lower value is 1076 

defined as minimal induction threshold, MIT. Substances predicted as positive are defined 1077 

to have potential to be strong or weak sensitiser based on 10 μg/mL of MIT (Nukada et al., 1078 

2013). 1079 

102. A detailed description of the information sources used within the Kao STS 1080 

approach cans be found in GD 256 Annex II: Information Sources Used Within the Case 1081 

Studies to the Guidance Document on the Reporting of Defined Approaches and Individual 1082 

Information Sources to be Used within Integrated Approaches to Testing and Assessment 1083 

(IATA) for Skin Sensitisation, OECD Series on Testing & Assessment Guidance 1084 

Document 256 1085 
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(http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(1086 

2016)29/ann2&doclanguage=en). 1087 
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3.  Kao ITS 1132 

103. Section 3 of this document includes information on the Kao Integrated Testing 1133 

Strategy (ITS) DA as originally presented in OECD GD 256, reorganised to follow the 1134 

Evaluation Framework for Defined Approaches for Skin Sensitisation (DASS) that was 1135 

reviewed and agreed upon by the Expert Group (Annex C), as well as updated information 1136 

from the Cosmetics Europe project (Kleinstreuer et al. 2018) to better characterize the 1137 

performance and predictive capacity, subsequent analyses, and work done by the expert 1138 

subgroups on uncertainty and applicability domain characterization.   The original version 1139 

of the Kao ITS (v1) is described as case study XI (page 158) of  Annex I: Case studies to 1140 

the Guidance Document on the Reporting of Defined Approaches and Individual 1141 

Information Sources to be Used within Integrated Approaches to Testing and Assessment 1142 

(IATA) for Skin Sensitisation, OECD Series on Testing & Assessment Guidance 1143 

Document 256 1144 

(http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(1145 

2016)29/ann1&doclanguage=en).   1146 

104. Following recommendations from the Expert Group on DASS, the Kao ITS 1147 

was updated (ITSv2), substituting the open-source OECD Toolbox sensitization 1148 

predictions, based on identification of structural analogues, for the in silico portion of the 1149 

ITS. The protocol used to obtain the OECD Toolbox predictions is included in Annex E of 1150 

this document. The updated ITSv2 DA also provides both hazard and potency classification 1151 

(i.e., chemical is categorized for likelihood as a strong or weak skin sensitizer, or is not 1152 

classified as a skin sensitizer).  1153 

105. The Kao ITS v2 was initially reviewed by the Expert Group for DASS, and a 1154 

summary of reviewer comments and responses to comments from the project leads can be 1155 

found in Annex A.  The information in the DA was augmented according to Expert Group 1156 

comments in Q2-Q3 2018, and updated where indicated below. 1157 

106. A detailed description of the in vitro information sources used within the Kao 1158 

ITS approach can be found in GD 256 Annex II: Information Sources Used Within the Case 1159 

Studies to the Guidance Document on the Reporting of Defined Approaches and Individual 1160 

Information Sources to be Used within Integrated Approaches to Testing and Assessment 1161 

(IATA) for Skin Sensitisation, OECD Series on Testing & Assessment Guidance 1162 

Document 256 1163 

(http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(1164 

2016)29/ann2&doclanguage=en). 1165 

3.1. Structure: Information Provided, DA Elements 1166 

3.1.1. Summary 1167 

107. The defined approach presented in this document is constructed as an integrated 1168 

testing strategy (ITS) for prediction of the skin sensitisation potential and potency of a 1169 

substance. The test methods used include in silico prediction (DEREK Nexus) and address 1170 

two key events (KEs) 1 and 3 as defined in OECD Adverse Outcome Pathway (AOP) of 1171 

skin sensitisation: KE 1 of protein binding is evaluated using the Direct Peptide Reactivity 1172 

Assay (DPRA; OECD TG 442c); KE 3 of dendritic cell activation is evaluated using the 1173 

human cell line activation test (h-CLAT).  1174 

http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29/ann1&doclanguage=en)
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29/ann1&doclanguage=en)
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29/ann2&doclanguage=en)
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29/ann2&doclanguage=en)
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108. Version 1 (v1) of this ITS described here is based on 139 chemicals classified 1175 

a Sensitisers / Non-Sensitisers (S/NS) in the LLNA. DEREK Nexus predicts the probability 1176 

that a substance will be a Sensitisers / Non-Sensitisers (S/NS) by an alert. The peptide 1177 

depletion in the DPRA and the quantitative dose-response outcome in the h-CLAT do 1178 

correlate to sensitising potency based on the EC3 values in the LLNA. The alert in DEREK 1179 

Nexus and the quantitative outcomes in the DPRA and h-CLAT are converted to a score of 1180 

0 to 3. The summed score of three test methods can be used to predict the skin sensitising 1181 

potential (hazard identification; S/NS) and potency of a substance. The ITS scores correlate 1182 

to sensitising potency based on the EC3 values in the LLNA, and have been updated to 1183 

correspond to the GHS classification and labelling system. A score of 7 corresponds to the 1184 

strong class which predicts EC3<2% in LLNA (Strong, GHS sub-category 1A), and a score 1185 

of 2-6 provides a weak class, which predicts EC3≥2% (Weak, GHS sub-category 1B). The 1186 

potency prediction is given as three rank classes corresponding to GHS sub-classification: 1187 

EC3<2% in LLNA (1A), EC3≥2% (1B), Non-Sensitisers (NS).   1188 

109. Version 2 (v2) of the Kao ITS was updated substitutes OECD Toolbox 1189 

sensitization predictions, based on identification of structural analogues, for the in silico 1190 

portion of the ITS. The updated ITS DA provides both hazard and potency classification 1191 

(i.e., chemical is categorized for likelihood as a strong or weak skin sensitizer, or is not 1192 

classified as a skin sensitizer). The qualitative assessment for the updated ITS was in most 1193 

respects the same as the original Kao ITS (Supplemental Table 1, Kleinstreuer et al. 2018), 1194 

with the key difference being that the in silico input for the updated ITS is now based on 1195 

the open-source OECD Toolbox software, rather than the commercial DEREK package. 1196 

Using the Cosmetics Europe dataset from Kleinstreuer et al. 2018, performance of the 1197 

updated ITS was quantitatively assessed in comparison to the LLNA and the human 1198 

reference data (below).  1199 

 1200 

3.1.2. General information  1201 

Identifier:  1202 

110. Sensitising potency classification based on AOP KEs 1 and 3    1203 

Date:  1204 

111. V1: 3 May 2016   1205 

112. V2: 22 June 2018 1206 

Author(s) and contact details:  1207 

113.  Masaaki Miyazawa, Ph.D., R&D – Core Technology – Safety Science 1208 

Research, Kao Corporation, 2606 Akabane, Ichikai-machi, Haga-gun, Tochigi 321-3497, 1209 

Japan miyazawa.masaaki@kao.co.jp; Tel +81-285-68-7342   1210 

Template update(s):  1211 

114. Version 1 and 2.  1212 
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Reference to main scientific papers:  1213 

115. Takenouchi et al., (2015) Test battery with the human cell line activation test, 1214 

direct peptide reactivity assay and DEREK based on a 139 chemical data set for predicting 1215 

skin sensitizing potential and potency of chemicals, J Appl Toxicol 35, 1318-1332.  1216 

116. Nukada et al., (2013) Data integration of non-animal tests for the development 1217 

of a test battery to predict the skin sensitizing potential and potency of chemicals. Toxicol 1218 

in Vitro 27, 609-618. 1219 

Proprietary aspects:  1220 

117. V1: A license agreement is needed for Derek Nexus, which is commercially 1221 

available software from Lhasa Limited.  1222 

3.1.3. Endpoint addressed  1223 

Endpoint:  1224 

118. This ITS predicts skin sensitisation potential (hazard identification: S/NS) and 1225 

potency (three rank classes: Strong, Weak, Non-Sensitisers (NS)), based on readouts from 1226 

assays addressing AOP KEs 1 and 3 and in silico prediction. Thus, it is addressing the 1227 

endpoint of existing test guidelines e.g. Local Lymph Node Assay (LLNA) (OECD TG 1228 

429), Guinea Pig Maximisation Test (GPMT) and Buehler Test (OECD TG 406).    1229 

Species:  1230 

119. Mouse (primary target), Human (secondary target).    1231 

Additional information about the endpoint:  1232 

120. Skin sensitisation is the result of a complex multifactorial sequence of events. 1233 

There are four KEs in the chemical and biological pathways (protein binding, keratinocyte 1234 

activation, dendritic cell activation, and proliferation of antigen-specific T-cells) as the 1235 

AOP for skin sensitisation defined by the OECD (2012). This ITS uses data from in silico, 1236 

in chemico, and, in vitro assays addressing the intrinsic chemical reactivity (KE 1) and 1237 

capacity to induce dendritic cell activation (KE 3). 1238 

3.1.4. Definition of the purpose and regulatory relevance  1239 

121.   This ITS was developed to predict the skin sensitisation potential (Sensitisers 1240 

or Non-Sensitisers) of a substance for the purpose of classification and labelling under the 1241 

GHS scheme without animal testing. The potency predictions of this ITS were originally 1242 

applied to obtain three rank classes and compared using the following schema: EC3<1% in 1243 

LLNA (Strong), EC3≥1% (Weak), Non-Sensitisers (NS); the comparison has now been 1244 

updated to correspond to GHS sub-classification into subcategory 1A (EC3<2% in LLNA) 1245 

and 1B (EC3≥2%) 1246 

3.1.5. Chemicals used to develop and test the DIP  1247 

Availability of training and test sets:  1248 

122. The training set of 139 chemicals is published in J Appl Toxicol and can be 1249 

accessed through this link http://onlinelibrary.wiley.com/doi/10.1002/jat.3127/full. 1250 
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 Selection of the training set and test set used to assess the DIP:  1251 

123. The training set were selected based on the availability of good quality animal 1252 

data, coverage of a range of sensitising potency observed in LLNA, a variety of the physic-1253 

chemical and chemical structural properties, and commercial availability of test substances. 1254 

Supporting information on the training and test sets:  1255 

124. None 1256 

Other information on the training and test sets:  1257 

125. None 1258 

3.1.6. Supporting information  1259 

126. The training set of 139 chemicals is published in J Appl Toxicol and can be 1260 

accessed through this link http://onlinelibrary.wiley.com/doi/10.1002/jat.3127/full. 1261 

3.2. Relevance: Mechanistic Coverage  1262 

127. Based on the adverse outcome pathway of skin sensitisation defined by OECD, 1263 

the molecular initiating event (KE 1) and the cellular response of dendritic cells (KE 3) are 1264 

taken into account in this ITS. 1265 

128. The molecular initiating event (KE 1) leading to skin sensitisation is postulated 1266 

to be covalent binding of electrophilic chemical species to selected nucleophilic molecular 1267 

sites of action in skin proteins. The covalent binding to skin proteins is evaluated using the 1268 

DEREK Nexus and the Direct Peptide Reactivity Assay (DPRA), which is now the OECD 1269 

TG 442C.  1270 

129. The activation of dendritic cells (DC) is typically assessed by expression of 1271 

specific cell surface markers, chemokines and cytokines. The h-CLAT is proposed to 1272 

address the KE 3 (dendritic cell activation) of the skin sensitisation AOP and isOECD TG 1273 

442E.  1274 

130. In this ITS, the assay related to KE 2 is not included, but DPRA cysteine 1275 

depletion (KE 1) and KeratinoSensTM covering KE 2 are mechanistically relevant (Joanna 1276 

et al., 2013). The key molecular pathway (Nrf2-ARE pathway) induced in KeratinoSensTM 1277 

corresponds to cysteine reactivity with the Keap1 sensor protein. In addition, the Nrf2 1278 

activation is induced by sensitisers and not by non-sensitisers in THP-1 cells, and could 1279 

function as one of the danger signals to lead to the phenotypic alterations on THP-1 cells 1280 

(Migdal et al., 2013; Ade et al., 2009). Thus, there is a mechanistic rationale that DPRA 1281 

and h-CLAT could be linked to KeratinoSensTM (KE 2).  1282 

131. In this ITS, the outcomes or quantitative parameters in each of the individual 1283 

test methods are assigned to scores, by modifying the weight of evidence approach 1284 

proposed by Jowsey et al. (2006) and Natsch et al. (2009) in order to define a sensitising 1285 

potential (hazard identification; sensitisers vs non-sensitisers) and potency (three rank 1286 

classes: Strong, Weak, Non-Sensitisers (NS)) of a substance.  1287 

132. The underlying rationale of this ITS is that either a medium score (2) in the 1288 

individual test (i.e., DPRA or h-CLAT) or a low score (1) in two test methods out of three 1289 

is considered enough evidence for judging a substance as a sensitiser. 1290 
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 1291 

3.3. Predictive Capacity: Performance Compared to Reference Data 1292 

3.3.1. Kao ITS v1 1293 

133. For prediction of sensitising potential based on the ITS, the sensitivity, 1294 

specificity, and accuracy were 89%, 70%, and 84%, respectively, for the collection of 139 1295 

chemicals as originally reported in GD 256 (Table 3.1a).  1296 

134. The ITS categorised 15 of 29 extreme and strong sensitisers (EC3<1%) in the 1297 

strong class and 57 of 73 moderate and weak sensitisers (EC3≥1%) in the weak class as 1298 

originally reported in GD 256 (Table 3.1b). As for the three-rank classification by the ITS, 1299 

the over-prediction rate, under-prediction rate, and overall accuracy were 12%, 18%, and 1300 

71%, respectively.  1301 

135. When the analysis was repeated while excluding the negative results for 11 1302 

chemicals (8 sensitisers and 3 non-sensitisers) with log Kow > 3.5, the sensitivity, 1303 

specificity, and accuracy of the ITS were 97% (91 of 94 sensitisers), 68% (23 of 34 non-1304 

sensitisers), and 89% (114 of 128 chemicals), respectively. With these exclusions, the 1305 

three-rank classification achieved overall accuracies (compared to LLNA) of 74% (95 of 1306 

128 chemicals) for the ITS. 1307 

Table 3.1. Predictive performance of Integrated Testing Strategy (ITS) in determining 1308 
sensitising (a) potential and (b) potency (reproduced from GD 256) 1309 

 1310 
 1311 

136. In addition to the analyses included in Case Study XI of Annex I to GD 256, 1312 

all three DAs described in this supporting document were evaluated against 128 substances 1313 

with both LLNA and human skin sensitization data.  The DAs were first evaluated for the 1314 
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ability to discriminate between sensitisers and non-sensitisers, and then for their ability to 1315 

characterize skin sensitization potency, if that ability was included in the stated purpose of 1316 

the DA.  Analyses are described in detail in Kleinstreuer et al. (2018).   1317 

137.  Following recommendations from the Expert Group for DASS, the predictive 1318 

performance of the DAs was reanalyzed for the three skin sensitisation potency categories 1319 

used in the UN Global Harmonisation System for Classification and Labelling.  The 1320 

summary information in provided in Tables 3.2-3.5 below and the data supporting the 1321 

analyses are included in Section 5 and Annex D. 1322 

Table 3.2. Defined Approach (DA) performance in predicting human hazard (sensitizer/non-sensitizer). 1323 

DA Performance vs. Human Data 
“ITSv1” 

N=120 

LLNA 

N=128 

Accuracy (%) 85.0 74.2 

Sensitivity (%) 93.8 85.2 

Specificity (%) 66.7 50.0 

Balanced Accuracy (%) 80.3 67.6 
Note: Performance is shown against the maximum subset (N) out of 128 substances with all necessary DA features. 1324 
Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced 1325 
accuracy is average of sensitivity and specificity. 1326 

Source: Kleinstreuer et al. (2018). Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 1327 
 1328 

Table 3.3. Defined approach (DA) performance in predicting LLNA hazard (sensitizer/non-sensitizer). 1329 

DA Performance vs. LLNA Data 
“ITSv1” 

N=120 

Accuracy (%) 79.2 

Sensitivity (%) 85.6 

Specificity (%) 60.0 

Balanced Accuracy (%) 72.8 
Note: Performance is shown against the maximum subset (N) out of 128 substances with all necessary DA features. 1330 
LLNA: local lymph node assay; Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true 1331 
negative rate, and balanced accuracy is average of sensitivity and specificity. 1332 

Source: Kleinstreuer et al. (2018). Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 1333 
 1334 

Table 3.4. Defined Approach (DA) performance in predicting human sensitizing potency. 1335 

DA Performance vs. Human Data 
“ITSv1” 

N=120 

LLNA 

N=128 

Accuracy (%) 69.2 59.4 

Over-predicted (%) 13.3 19.5 

Under-predicted (%) 17.5 21.1 
Note: _Performance was assessed for prediction of three potency classes as described in the main text, and is shown against 1336 
the maximum subset (N) out of 128 substances with all necessary DA features. Human reference data was derived from 1337 
Basketter et al. 2014 as described in Kleinstreuer et al. 2018. 1338 

Source: Kleinstreuer et al. (2018). Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 1339 
 1340 
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Table 3.5. Defined Approach (DA) performance in predicting LLNA sensitizing potency. 1341 

DA Performance vs. LLNA Data 

(GHS subclassification) 

“ITSv1” 

N=120 

Accuracy (%) 63.3 

Over-predicted (%) 13.3 

Under-predicted (%) 23.3 

Note: _Performance was assessed for prediction of three potency classes (GHS sub-categories) as described in the 1342 
main text, and is shown against the maximum subset (N) out of 128 substances with all necessary DA features. 1343 

 1344 

3.3.2. Kao ITS v2 1345 

138. The updated ITS is a test battery-based DA that relies upon the quantitative 1346 

results from the DPRA and the h-CLAT as well as in silico hazard predictions from the 1347 

open-source, structure-based, OECD Toolbox software. Therefore, natural extracts without 1348 

defined structure were omitted from the assessment of this DA due to inability to generate 1349 

OECD Toolbox predictions for these substances. In the incorporation of the DPRA results, 1350 

the updated Kao ITS DA includes the consideration that under the condition that the lysine 1351 

peptide co-elutes with the test substance, one should only consider cysteine peptide 1352 

depletion (as was done in Takenouchi et al. 2015 for the Kao ITS). The performance of the 1353 

updated ITS was compared to that of the LLNA, for predicting human hazard and three 1354 

potency classes (Table 3.6-3.9). 1355 

Table 3.6. Defined Approach (DA) performance in predicting human hazard (sensitizer/non-sensitizer). 1356 

DA Performance vs. Human Data 
“ITSv2” 

N=121 

LLNA 

N=128 

Accuracy (%) 86.0 74.2 

Sensitivity (%) 96.3 85.2 

Specificity (%) 64.1 50.0 

Balanced Accuracy (%) 80.2 67.6 
Note: Performance is shown against the maximum subset (N) out of 128 substances with all necessary DA features. 1357 
Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced 1358 
accuracy is average of sensitivity and specificity. 1359 

Source: Kleinstreuer et al. (2018). Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 1360 
 1361 

Table 3.7. Defined approach (DA) performance in predicting LLNA hazard (sensitizer/non-sensitizer). 1362 

DA Performance vs. LLNA Data 
“ITSv2” 

N=121 

Accuracy (%) 78.5 

Sensitivity (%) 86.8 

Specificity (%) 53.3 

Balanced Accuracy (%) 70.1 
Note: Performance is shown against the maximum subset (N) out of 128 substances with all necessary DA features. 1363 
LLNA: local lymph node assay; Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true 1364 
negative rate, and balanced accuracy is average of sensitivity and specificity. 1365 

Source: Kleinstreuer et al. (2018). Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 1366 
 1367 

https://doi.org/10.1080/10408444.2018.1429386
https://doi.org/10.1080/10408444.2018.1429386
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Table 3.8. Defined Approach (DA) performance in predicting human sensitizing potency. 1368 

DA Performance vs. Human Data 
“ITSv2” 

N=121 

LLNA 

N=128 

Accuracy (%) 66.9 59.4 

Over-predicted (%) 14.9 19.5 

Under-predicted (%) 18.2 21.1 
Note: _Performance was assessed for prediction of three potency classes as described in the main text, and is shown against 1369 
the maximum subset (N) out of 128 substances with all necessary DA features. Human reference data was derived from 1370 
Basketter et al. 2014 as described in Kleinstreuer et al. 2018. 1371 

Source: Kleinstreuer et al. (2018). Critical Reviews in Toxicology https://doi.org/10.1080/10408444.2018.1429386. 1372 
 1373 

Table 3.9. Defined Approach (DA) performance in predicting LLNA sensitizing potency. 1374 

DA Performance vs. LLNA Data 

(GHS subclassification) 

“ITSv2” 

N=121 

Accuracy (%) 61.2 

Over-predicted (%) 14.9 

Under-predicted (%) 23.9 
Note: _Performance was assessed for prediction of three potency classes (GHS sub-categories) as described in the main 1375 
text, and is shown against the maximum subset (N) out of 128 substances with all necessary DA features. 1376 
 1377 

139. The updated Kao ITS DA using the OECD Toolbox, DPRA, and h-CLAT 1378 

predicted human skin sensitization hazard with 86% accuracy (3 FN, 14 FP, n = 121), and 1379 

the 3-classes potency prediction was 67% accurate, with 22 substances under-predicted and 1380 

18 over-predicted. Of the under-predicted substances, 19 were strong sensitizers falsely 1381 

predicted as weak, and three were weak sensitizers falsely predicted as non-sensitizers. Of 1382 

the over-predicted substances, four weak sensitizes were incorrectly predicted as strong, 1383 

and 14 non-sensitizers were incorrectly predicted as weak sensitizers. No strong human 1384 

sensitizers were mispredicted as non-sensitizers, and no negative human chemicals were 1385 

mispredicted as strong sensitizers, unlike the LLNA (which had mispredictions to each 1386 

extreme). For detailed chemical results, and comparison to the original Kao ITS (and all 1387 

other DA predictions), see: 1388 

“Kleinstreuer_etal_Updated_SuppTable2_AllData_DApredictions_March2018.xlsx” 1389 

3.4. Reliability: Reproducibility 1390 

140. Reliability: Information below is provided on the reproducibility of the individual 1391 

information sources and the broader impact on the predictions resulting from the DAs.  A more 1392 

detailed consideration of the evaluation of uncertainties and reproducibility in the LLNA 1393 

benchmark data (Section 4) and the uncertainty and reproducibility of the DAs are taken 1394 

collectively (Section 5).  1395 

3.4.1. Consideration of uncertainties associated with the application of the defined 1396 

approach  1397 

Sources of uncertainty  1398 

141. The DIP’s structure:  1399 

https://doi.org/10.1080/10408444.2018.1429386
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 KE 4 is not included due to lack of available tests.  1400 

 The Integrated Testing Strategy (ITS) covers KE 1 and 3 of AOP and is based on a 1401 

dataset of 139 chemicals. The confidence in the prediction for hazard identification is 1402 

high, when similar chemicals are available in this data set and the limitations are taken 1403 

into account.  1404 

 The confidence is lower for chemicals with log Kow > 3.5.  1405 

 The confidence is lower for prehaptens and prohaptens due to limited metabolic 1406 

capacities of test methods.  1407 

3.4.2. The information sources used within the defined approach  1408 

142. The DPRA and h-CLAT has been validated under the ECVAM. 1409 

Reproducibility of peptide reactivity and CD86/CD54 measurements are very high. 1410 

However, an analysis of the how the uncertainties in individual information sources are 1411 

propagated within the DA and impact of sequence of method used in the DA are presented 1412 

in Section 5. 1413 

3.4.3. Benchmark data used  1414 

143. The Integrated Testing Strategy (ITS) for hazard identification is based on the 1415 

data from LLNA. The variability of EC3 values of LLNA has been reported depending on 1416 

vehicle used and laboratories. Therefore, the uncertainty in misprediction of EC3 values is 1417 

taken into account.  1418 

3.4.4. Impact of uncertainty on the DIP's prediction  1419 

144. Some uncertainty might cause to under- or over-estimation of hazard 1420 

identification and potency classification for the Integrated Testing Strategy (ITS). For a 1421 

new test chemical, the similar chemicals with in vitro or in vivo data should be checked. 1422 

Confidence in the predictions is high if the limitations are taken into account and similar 1423 

chemicals are included in training set. 1424 

3.5. Applicability: Technical Limitations, Chemical Space Coverage 1425 

145. Placeholder The subgroup on Domain of Applicability has evaluated how to 1426 

better characterize AD by using the 2 out of 3 DA as case study (Section 1.5). Once the 1427 

proposed approach is agreed upon this will be applied and reported in full here, and a 1428 

summary will be incorporated into the text describing each DA in the "Applicability 1429 

Domain and Limitations" section of the draft GL. 1430 

3.5.1. Limitations:  1431 

146. The strengths and limitations on individual test methods are described in the 1432 

individual data sources (see GD 256  Annex II). Chemicals that fall outside the applicability 1433 

domains of the DPRA and h-CLAT cannot be applicable to the ITS. 1434 

Technical limitations:  1435 

147. Low water soluble chemicals with log Kow > 3.5. For the DPRA, test 1436 

chemicals should be soluble in an appropriate solvent such as acetonitrile or water. For the 1437 

h-CLAT, test chemicals should be soluble or form a stable dispersion in DMSO or saline.  1438 



46 │ CHAPTER TITLE 
 

 © OECD 2018 
  

Substance related limitations:  1439 

148. Pre- and pro-haptens might not be reliably predicted due to lack of metabolic 1440 

capacities in both the DPRA and h-CLAT.  1441 

149. When information from the different individual data sources is integrated in the 1442 

ITS, the individual limitation can be minimized and the ITS can lead to correct 1443 

classification of pre- /pro-haptens and low water soluble chemicals. 1444 

3.6. Complexity: Data Interpretation Procedure 1445 

150. The quantitative parameters or outcomes of the individual test methods are 1446 

assigned to scores, by modifying the weight of evidence approach proposed by Jowsey et 1447 

al. (2006) and Natsch et al. (2009) in order to define a sensitising potential and potency of 1448 

a substance. The quantitative parameters of h-CLAT and DPRA are converted into a score 1449 

from 0 to 3 as shown Table XI.1. The thresholds for the scores from 0 to 3 were set in order 1450 

to span the whole dynamic range on the individual assays and were also derived from the 1451 

values needed for significant results. For h-CLAT, the minimum induction thresholds 1452 

(MITs) are converted to a score from 0 to 3 based on the cutoffs of 10 and 150 μg/ml. For 1453 

DPRA, the mean percent depletion for the cysteine and lysine peptides is converted to a 1454 

score from 0 to 3, based on OECD TG 442C. In cases where co-elution occurs only with 1455 

the lysine peptide, the depletion for only cysteine peptides is converted to a score from 0 to 1456 

3. In ITSv1, for DEREK Nexus, an alert is assigned a score of 1; absence of an alert was 1457 

assigned a score of 0. Having only an alert outcome is regarded as not sufficient evidence 1458 

to predict a test substance as a sensitiser. Similarly, in ITSVv2, an OECD Toolbox 1459 

sensitizer prediction based on structural analogues (see Appendix C) yields a score of 1; a 1460 

non-sensitizer prediction is assuged a score of 0. When the sum of these scores have been 1461 

assessed, a total battery score from 0 to 7, calculated by summing the individual scores, is 1462 

used to predict the sensitising potential (hazard identification; sensitisers vs non-sensitisers) 1463 

and potency (three rank classes: Strong, Weak, Non-Sensitisers (NS)). The positive criteria 1464 

are set as a total battery score of 2 or greater. Furthermore, a total battery score is classified 1465 

into three ranks: score of 7 is defined as a strong sensitiser; score of 6, 5, 4, 3, or 2, weak 1466 

sensitiser; score of 1 or 0, not-classified. The summed score yields a qualitative result 1467 

(positive/negative and three rank classes). 1468 

Table 3.10. Conversion of the outcome in h-CLAT, DPRA, and DEREK for Integrated Testing 1469 
Strategy (v1) 1470 

 1471 

 1472 
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151. The Integrated Testing Strategy (ITS) defined approach (DA) originally 1473 

submitted to OECD by Kao Corporation (Takenouchi et al. 2015) depended on the 1474 

quantitative readouts from OECD TG 442E (h-CLAT) and TG 442C (DPRA), and a 1475 

commercial software package (DEREK) identifying structural alerts for sensitization. The 1476 

updated version of the ITS (Figure 3.1) substitutes the open-source OECD Toolbox 1477 

sensitization predictions, based on identification of structural analogues, for the in silico 1478 

portion of the ITS. The updated ITS DA provides both hazard and potency classification 1479 

(i.e., chemical is categorized for likelihood as a strong or weak skin sensitizer, or is not 1480 

classified as a skin sensitizer). The qualitative assessment for the updated ITS was in most 1481 

respects the same as the original Kao ITS (Supplemental Table 1, Kleinstreuer et al. 2018), 1482 

with the key difference being that the in silico input for the updated ITS is now based on 1483 

the open-source OECD Toolbox software, rather than the commercial DEREK package.  1484 

 1485 

Figure 3.1. Schematic of the updated “ITS” defined approach (v2). 1486 

The DA is a simple score-based system depending on assays from OECD TG 442E and 442C, and the open-1487 
source OECD Toolbox in silico structural analogue-based prediction as shown. 1488 

 1489 

 1490 

3.7. Transparency: Availability of Elements for Review  1491 

DPRA (OECD TG442C) is addressing the peptide binding. Haptens applied to the skin are 1492 

covalently binding to nucleophilic residues (i.e. cysteine, lysine) in dermal proteins. Binding 1493 

of chemicals to the skin protein is an essential step for sensitiser to obtain allergenicity (OECD, 1494 

2012). Substances that induced mean peptide depletion of cysteine- and lysine-containing 1495 

peptide above 6.38% are considered to have peptide reactivity of sensitiser. Substances 1496 

predicted as sensitiser are defined to have potential to be strong or weak sensitiser based on 1497 

threshold of 22.62% mean peptide depletion.  1498 

h-CLAT is addressing DC activation. When a hapten is applied to the skin, surface molecules 1499 

(i.e. CD54, CD86) on skin DCs were up-regulated through the maturation process. Since CD54 1500 

is involved in DC migration to draining lymph nodes and CD86 stimulates T cell activation 1501 

during antigen-presentation by DC, both molecules are essential in the induction of skin 1502 

sensitisation. Substances inducing a fold induction greater than 2-fold for CD54 and/or 1.5-1503 

fold increase for CD86 at cell viabilities above 50% are predicted to have a DC activating 1504 

OECD	TB

Sens
Non
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potential of sensitiser (Ashikaga et al., 2010). From the dose-dependency curves of 1505 

experiments, the median concentration(s) inducing 1.5- and/or 2-fold induction of CD86 and/or 1506 

CD54 are calculated and the resulting lower value is defined as minimal induction threshold, 1507 

MIT. Substances predicted as positive are defined to have potential to be strong or weak 1508 

sensitiser based on a threshold of 10 μg/mL of MIT (Nukada et al., 2013). 1509 

V1: DEREK Nexus: in silico knowledge-based toxicity alerting software comprising alerts 1510 

on skin sensitisation (version 2.0 from Lhasa Limited). DEREK Nexus is mainly addressing 1511 

structural features and whether a hapten has a potential for electrophilic binding to skin proteins 1512 

either directly or following metabolism (Langton et al., 2006). To each alert. a certainty level 1513 

is associated. Substances with causative structural alert(s) (i.e., certain, probable, plausible, 1514 

equivocal, and doubted) are conservatively considered to be a potential sensitiser.  1515 

V2: OECD QSAR Toolbox: in silico read across based software providing skin sensitiser 1516 

hazard prediction (QSAR Toolboxv3.2). The target compound is profiled for protein binding 1517 

alerts, and auto-oxidation products and skin metabolites are generated and then profiled for 1518 

protein binding alerts. Structural profilers are used to identify analogue chemicals and the data 1519 

gap is filled using read across. Please see Annex E for detailed protocol information used to 1520 

obtain Toolbox predictions. 1521 
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4.  Evaluation of LLNA uncertainty and reproducibility 1568 

152. The Local Lymph Node Assay (LLNA) is the in vivo animal reference test used 1569 

for benchmarking the predictive performance of skin sensitization DAs. 1570 

153. This document reports an assessment of the LLNA reproducibility using a 1571 

probabilistic approach to complement published comprehensive analyses (Dumont et al. 1572 

2016; Hoffmann 2015; Roberts et al. 2016) on the inherent variability of the LLNA. The 1573 

variability of the animal data has to be considered in the evaluation of the uncertainties 1574 

when comparing DAs predictions to the benchmark animal predictions. 1575 

154. For the purpose of the analyses the NICEATM LLNA database was 1576 

complemented with additional published data and data kindly submitted by the European 1577 

Chemicals Agency (ECHA), Cosmetics Europe and the International Fragrance 1578 

Association (IFRA). The final database, stored as Excel file, contains 1613 records (rows) 1579 

for 704 unique chemicals/mixtures that can be identified by CAS registry numbers. 1580 

155. For the purpose of the analyses reported in this document the following was 1581 

considered:  1582 

 Number of POSitive classifications for given chemical2 1583 

 Number of NEGative classifications for given chemical2 1584 

 Number of times chemicals was identified as 1A class, i.e. when EC3 <=2 1585 

 Number of times chemicals was identified as 1B class, i.e. when EC3 >2 1586 

 For the evaluation of LLNA reproducibility, the set of 81 chemicals where 3 or more 1587 

classifications (POS/NEG) are present was identified 1588 

4.1. LLNA – Reproducibility evaluation: impact of underlying concentration ranges 1589 

156. The impact of the concentration ranges used in the different LLNA study for 1590 

each substance was investigated. Most chemicals have comparable concentrations ranges 1591 

between POS and NEG classifications in different biological experiments for the LLNA. 1592 

157. Concentrations ranges: 1593 

 There are 27 chemicals out of 81 that have  both POS and NEG classifications 1594 

 Figure 4.1 below shows tested concentration ranges for those 27 chemicals 1595 

o X axis: concentrations in log10 1596 

o Y axis: experiment ID 1597 

o In green are tested concentration ranges for NEG classifications 1598 

o In blue and red are tested concentrations ranges for POS classifications 1599 

o Blue part corresponds to responses below EC3 threshold 1600 

                                                      
2 Note: the number of POS and NEG classifications does not always equal the number of records for a specific chemical 

as sometimes the classification is missing. 
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o Red part corresponds to responses above EC3 threshold 1601 

158. Examples:  1602 

 chemical 3810-74-0  1603 

o has 4 NEG classifications and 1 POS classification with tested concentrations 1604 

reported  1605 

o the concentration where the POS response is above 3 was also tested in experiments 1606 

with 4 NEG classifications 1607 

o ranges are comparable, results are discordant 1608 

 chemical 7718-54-9  1609 

o has 2 NEG classifications and 1 POS classification with tested concentrations 1610 

reported  1611 

o the concentration where the POS response is above 3 is higher than the highest 1612 

tested concentration for 2 NEG classifications 1613 

o ranges are not comparable, but results are compatible  1614 

o NOTE: POS classification has a different solvent than those 2 NEG classifications 1615 

 1616 

159. With respect to the vehicle, there are circa 114 unique vehicle IDs; it would 1617 

therefore be problematic to do analysis for each unique solvent due to high diversity1618 
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Figure 4.1. LLNA. Overlap of concentration ranges in different LLNA biological experiments. Y-axis: experiment ID, X-axis: 

concentration in log10 
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4.2 LLNA Reproducibility evaluation: probabilistic approach 

 

160. The analysis of the reproducibility is based on 81 chemical for which 

three or more independent studies resulting in POS or NEG classifications are 

available. 

161. The following approach was used for the analysis: 

 Based on the number of POS and NEG classifications, the sample probability of 

getting POS classification is calculated based on the distribution of 

classifications from existing data.  

 Example: for the 3rd record in the excel table, CAS 2468-63-1, number of POS 

is 1 and the number of NEG is 3.  Estimated probability to obtain POS 

classification is therefore 1/(1+3)=0.25 and therefore for NEG is (1-0.25)=0.75. 

See column M and N. Then 

o the probability to obtain 3 POS classifications is 0.25^3, 

o the probability to obtain 3 NEG classifications is (1-0.25)^3 and 

o total reproducibility is 0.25^3 + (1-0.25)^2=0.438 (column P) 

 

 The resulting LLNA reproducibility for three concordant classifications is 

obtained as an average over all 81 chemicals, i.e. 

o 67.0%  to get 3 POS classifications; 

o 15.4%  to get 3 NEG classifications; 

o 82.3%  to get 3 POS or 3 NEG classifications. 

4.1.1. Binary Hazard Classification (POS/NEG) 

 

 Define True LLNA positive chemical where the number of POS classifications 

is greater than the number of NEG classifications.  

 There are  61 true LLNA positive chemicals(75.3% of 81) 

 The (estimated) probability  to obtain three  

 POS classifications is 88.6%; 

 NEG classifications is 0.6%; 

 Let's define True LLNA negative chemical where the number of NEG 

classifications is greater than the number of POS classifications.  

 There are  18 true LLNA negative chemicals 

 The (estimated) probability  to obtain three  

o POS classifications is 1.3%; 

o NEG classifications is 65.8%; 
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Table 4.1. LLNA Reproducibility for binary hazard classification 

 

 probability to 
get 3x POS 

probability to 
get 3x NEG 

overall 
number of 
chemicals 

all 67.3% 15.3% 82.6% 81 

POS>NEG 88.6% 0.6% 89.1% 61 

POS<NEG 1.3% 65.8% 67.1% 18 
 

4.1.2. GHS Potency Classifications (POS 1A/POS 1B/NEG) 

 

 Define True LLNA 1A positive chemical where 

‒ the number of POS classifications is greater than the number of NEG 

classifications, and 

‒ the number of 1A classifications is greater than the number of 1B 

classifications, and 

‒ the number of POS classifications is equal to sum of 1A and 1B 

classifications. 

o There are  29 true LLNA 1A positive chemicals 

o The (estimated) probability  to obtain three  

‒ POS 1A classifications is 73.1%; 

‒ POS 1B classifications is 0.4%; 

‒ NEG classifications is 0.8%; 

 Define True LLNA 1B positive chemical where 

‒ the number of POS classifications is greater than the number of NEG 

classifications, and 

‒ the number of 1B classifications is greater than the number of 1A 

classifications, and 

‒ the number of POS classifications is equal to sum of 1A and 1B 

classifications. 

o There are  19 true LLNA 1B positive chemicals 

o The (estimated) probability  to obtain three  

‒ POS 1B classifications is 71.1%; 

‒ POS 1A classifications is 0.8%; 

‒ NEG classifications is 0.2%; 

 Define True LLNA negative  chemical where 

‒ the number of NEG classifications is greater than the number of POS 

classifications, and 
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‒ the number of POS classifications is equal to sum of 1A and 1B 

classifications. 

o There are  15 true LLNA negative chemicals 

o The (estimated) probability  to obtain three  

‒ POS 1B classifications is 0.2%; 

‒ POS 1A classifications is 0.8%; 

‒ NEG classifications is 85.0%; 

Table 4.2. The probability of obtaining concordant categorizations. 

Concordance (GHS sub-classification schema) based on all 81 chemicals with three or 

more independent study results, and based on various subsets of those chemicals fulfilling 

the conditions outlined below. 

Concordance (GHS sub-classification schema) based on all 81 chemicals with three or more independent 

study results, and based on various subsets of those chemicals fulfilling the conditions outlined below. 

 

probability 
to get 3x 

1A 

probability 
to get 3x 1B 

probability to get 
3x NEG 

overall 

number of 
chemicals 

all 29.5% 23.0% 17.6% 70.1% 81 
only full 

records (POS = 
1A+1B) 

32.2% 21.1% 16.6% 69.9% 68 

only full 
records and 

POS>NEG 
42.3% 28.0% 2.5% 72.8% 51 

only full 
records and 

POS<NEG 
0.8% 0.2% 85.0% 86.0% 15 

only full 
records and 

POS>NEG and 
1A >1B 

73.1% 0.4% 0.8% 74.4% 29 

only full 
records and 

POS>NEG and 
1A<1B 

0.8% 69.9% 0.2% 70.9% 20 

Note: LLNA Reproducibility for GHS classifications, based on various prior conditions. 
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5.  Evaluation of skin sensitization DA uncertainty and reproducibility 

162. The objective of this analysis is to evaluate the uncertainty associated 

with the performance of skin sensitisation individual methods (DPRA, Keratinosens, 

h-CLAT) and defined approaches (2 out of 3, KaoSTS) using a bootstrap approach 

to assess the reproducibility of each information source, and how that propagates to 

the DA overall. 

163. The evaluation is based on 24 chemicals reported in Table 5.1 for which 

multiple results from validation study are available and are therefore suitable for 

reproducibility analysis. The reference benchmark is the Local Lymph Node Assay 

(LLNA) classification (LLNA column in Table 5.1). 

164. The classical approach to evaluation of accuracy, specificity and 

sensitivity uses single (aggregated, mode based) predictions and calculates the 

proportion of matches with respect to the LLNA benchmark classification. The 

results of the classical approach are shown in Table 2 and are based on validation 

predictions reported in Table 5.1.  
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Table 5.1. List of 24 chemicals and multiple predictions (call) used for evaluation 

Prediction (call) for individual methods are derived from validation study data (OECD TG 442c, 442E).  DA predictions are derived by applying the associated data 

interpretation procedure (DIP) to predictions from a single method.  [S=positive prediction, N=negative prediction, call=final prediction based on majority rule, ND=not 

determined]  

  

 
 Single methods  Defined Approaches 

  CHEMICALS CAS# LLNA DPRA KeratinoSens h-CLAT   2 out of 3 KaoSTS 

   call S NS call S NS call S NS call   call call 

1 Benzyl alcohol 100-51-6 0 1 2 0 0 2 0 4 0 1   0 1 

2 Methyl salicylate 119-36-8 0 4 5 0 0 2 0 6 6 ND   0   

3 Dimethyl isophthalate 1459-93-4 0 0 9 0 3 1 1 1 11 0   0 0 

4 4-Aminobenzoic acid 150-13-0 0 0 9 0 0 3 0 0 12 0   0 0 

5 Glycerol 56-81-5 0 0 3 0 0 15 0 0 4 0   0 0 

6 2,4-Dichloronitrobenzene 611-06-3 0 0 3 0 4 0 1 4 0 1   1 1 

7 Isopropanol 67-63-0 0 0 9 0 0 15 0 0 12 0   0 0 

8 Nickel Chloride 7718-54-9 0 3 6 0 3 0 1 12 0 1   1 1 

9 Benzyl cinnamate 103-41-3 1 1 8 0 2 0 1 4 8 0   0 0 

10 Xylene 1330-20-7 1 1 8 0 0 3 0 4 8 0   0 0 

11 Imidazolidinyl urea 39236-46-9 1 3 0 1 3 1 1 4 0 1   1 1 

12 Limonene 5989-27-5 1 8 1 1 1 2 0 12 0 1   1 1 

13 Methylmethacrylate 80-62-6 1 3 0 1 3 0 1 0 4 0   1 1 

14 Benzyl salicylate 118-58-1 1 3 6 0 2 0 1 5 7 0   0 0 

15 2-Mercaptobenzothiazole 149-30-4 1 9 0 1 15 0 1 12 0 1   1 1 

16 2-Methoxy-4-propyl-phenol (Dihydroeugenol) 2785-87-7 1 1 2 0 2 0 1 4 0 1   1 1 

17 Thioglycerol 96-27-5 1 3 0 1 1 3 0 4 0 1   1 1 

18 1,4-Phenylenediamine 106-50-3 1 3 0 1 15 0 1 4 0 1   1 1 

19 Chloramine T 127-65-1 1 9 0 1 3 0 1 12 0 1   1 1 
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20 Formaldehyde 50-00-0 1 9 0 1 2 0 1 10 2 1   1 1 

21 Chlorpromazine 69-09-0 1 0 9 0 0 3 0 11 1 1   0 1 

22 Berillium sulfate 7787-56-6 1 3 6 0 0 3 0 5 7 0   0 0 

23 p-Benzoquinone 106-51-4 1 3 0 1 4 0 1 4 0 1   1 1 

24 5-Chloro-2-methyl-4-isothiazolin-3-one (MCI) 26172-55-4 1 9 0 1 15 0 1 11 1 1   1 1 
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Table 5.2. Accuracy, specificity and sensitivity values calculated using the majority rule of 

predictions in Table 5.1 

 

 vs. LLNA 

 accuracy specificity sensitivity 

DPRA 75.0% 100.0% 62.5% 

KeratinoSens 66.7% 62.5% 68.8% 

h-CLAT 62.5% 50.0% 68.8% 

2 out of 3 70.8% 75.0% 68.8% 

KaoSTS 72.0% 57.1% 75.0% 
Note: Evaluation of the Kao STS is based on 23 chemicals since methyl salicylate (chemical 2 in Table 1) could not be 

classified on the basis of the majority rule. 

 

165. The classical approach however is not straightforward for the evaluation 

of reproducibility and doesn't take into account the underlying variability of 

reference LLNA data. This approach also does not consider the human data as the 

basis for comparison. 

5.1. Defined Approach Reproducibility Evaluation 

166. A recognised statistical approach for evaluating reproducibility is to 

apply a bootstrap approach. Bootstrap is a simple statistical technique that is based 

on resampling of existing data. Bootstrap replicates are generated for the individual 

information sources, the data interpretation procedures (DIP) are applied for the 

DAs, and resulting concordance is evaluated. This is repeated over 100.000 

iterations and averaged. Figure 1 and Table 3 demonstrate the distribution of the 

reproducibility for each individual assay and the DAs.  
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Figure 5.1. Distribution of the reproducibility based on 100.000 Bootstrap replicates 

 

5.2.  Defined Approaches Performance Evaluation: impact of uncertainty 

167. A recognised method for incorporating uncertainty assessment into 

performance evaluation is also to apply a bootstrap approach. Here, bootstrap was 

used to produce a distribution of DA predictions based on 100,000 replicates and 

compared to LLNA and human reference data.  

168. Example: Multiple predictions obtained by individual methods for 

Benzyl alcohol are reported in the first row of Table 5.1. For the DPRA method there 

are three classifications available based on existing data, i.e. 1 positive (S) and 2 

negative (NS). Bootstrap allows generation of "new" data either S or NS. The 

probability of generating S is proportional to the occurrence of S in existing data, 

i.e. 1/3.  Therefore, bootstrap can be used to generate an arbitrarily large number of 

"new" classifications where the frequency of S will be 1/3(33.3%) whereas NS 2/3 

(66.6%). 

169. Bootstrap is used to generate a full matrix of classifications for three 

single methods by resampling the data for all 24 chemicals obtained in ECVAM 

validation trials. Resampling is repeated 100.000 times and resulting performance 

measures are averaged across 100.000 bootstrap replicates.   

170. The resulting performance values are reported in Tables 5.3 and 5.4.  
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Table 5.3. Performance measures based on 100.000 Bootstrap replicates, of individual 

methods and DA against LLNA classifications 

 

   vs. LLNA 

  reproducibility accuracy specificity sensitivity 

DPRA 79.3% 75.0% 86.1% 69.5% 

KeratinoSens 90.2% 69.1% 65.6% 70.8% 

hClat 80.6% 69.1% 55.2% 76.1% 

Basf 2of3 

joint testing 85.6% 72.9% 67.3% 75.8% 

sequential       

DPRA and Keratinosens, hClat 85.6% 72.9% 67.3% 75.8% 

DPRA and hClat, Keratinosens 85.6% 72.9% 67.3% 75.8% 

hClat and Keratinosens, DPRA 85.6% 72.9% 67.3% 75.8% 

KaoSTS 83.6% 75.6% 52.4% 87.2% 

 

Table 5.4. Performance measures, based on 100.000 Bootstrap replicates, of individual 

methods and DA against human data 

 

  vs. human  

 reproducibility accuracy specificity sensitivity 

DPRA 79.3% 76.8% 81.9% 74.3% 

KeratinoSens 90.2% 77.5% 78.1% 77.1% 

hClat 80.7% 74.6% 67.7% 78.1% 

Basf 2of3 85.6% 81.0% 79.8% 81.5% 

KaoSTS 83.6% 80.5% 64.9% 88.3% 

 

171. The 2 out of 3 defined approach can be practically implemented by 

testing two arbitrary selected methods and testing the third if different classifications 

are obtained with the first two methods. The arbitrary selection of the first two 

methods has no impact on the performance measures, as demonstrated in Table 5.5 

below where the impact of the arbitrary choice of the first two methods in the 2 out 

of 3 DA as the expected occurrence of the third test being needed is summarised. 

The associated theoretical proof is summarised in Section 5.2.1. 
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Table 5.5. Impact of the arbitrary choice of the first two methods in the 2of3 DA  

first two tested 
third method  

if needed 

first two test are 

sufficient to classify 
third method is needed 

DPRA KeratinoSens h-CLAT 68.8% 31.2% 

DPRA h-CLAT KeratinoSens 68.5% 31.5% 

KeratinoSens h-CLAT DPRA 66.5% 33.5% 

 



CHAPTER TITLE │ 65 
 

 © OECD 2018 
  

5.2.1. Theoretical Proof of Impact of Sequential Testing for 2 out of 3 DA 

172. Denote by 𝑝1, 𝑝2, 𝑝3   the probability of obtaining outcome 1 (e.g. 

sensitizer) by method 1, 2 and 3. 

173. By using the three methods at the same time and applying 2 out of 3 

approach, see Table 5.6, the probability of getting outcome 1 in final call is 

𝑝1𝑝2𝑝3  +  (1 − 𝑝1)𝑝2𝑝3 +  𝑝1(1 − 𝑝2)𝑝3  +  𝑝1𝑝2(1 − 𝑝3 ) =  
𝑝1𝑝2  +  𝑝1𝑝3 +  𝑝2𝑝3 − 2 𝑝1𝑝2𝑝3 

 

Table 5.6. 2 out of 3, three methods at the same time 

method 1 method 2 method 3   final call 

0 0 0 → 0 

0 0 1 → 0 

0 1 0 → 0 

0 1 1 → 1 

1 0 0 → 0 

1 0 1 → 1 

1 1 0 → 1 

1 1 1 → 1 

 

174. By using the three methods sequentially, see Table 5.7, the probability of 

getting outcome 1 in final call is 

𝑝1𝑝2  +  (1 − 𝑝1)𝑝2𝑝3 +  𝑝1(1 − 𝑝2)𝑝3 =  
𝑝1𝑝2  +  𝑝1𝑝3 +  𝑝2𝑝3 − 2 𝑝1𝑝2𝑝3 

 

 

Table 5.7. 2 out of 3 Sequential testing. 

method 1 method 2         final call 

1 1 → 1 

0 0 → 0 

1 0 → use 3rd method 
1 → 1 

0 → 0 

0 1 → use 3rd method 
1 → 1 

0 → 0 

 

175. Results:  The expression for probability of getting outcome 1 in final call 

is exactly the same and independent of joint or sequential testing. 
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 Summary of Expert Review comments on Group 1 DAs and 

response to comments 

176. Below is the summary of expert reviews of each of the three Group I DAs 

and responses to all comments indicating an option other than “Yes”, to the question 

“Acceptable for TG?”.  For detailed responses to comments from each expert reviewer, 

OECD Experts and National Coordinators may visit the Clearspace site 

(https://community.oecd.org/community/tgeg) in the widget for “Project 4.116: Expert 

Group on DAs for Skin Sensitisation”.  

Table A A.1. Expert comments on DA consideration according to the evaluation framework 

and responses from leads  

Note: All comments and responses to draft documents circulated for review, evaluation and comments during 

the elaboration process of a Test Guideline are not typically included in a background document. At this 

stage, the comments and responses are provided here for transparency and reference, but will eventually be 

removed before publication. 

DA/
# 

Expe
rt 

Acceptabl
e for TG? 

Comment RESPONSE TO COMMENTS 

BASF 
2/3 
1. 

HC Yes This DA can be used in a performance-based test 
guideline when the DA is implemented with fully 
assessed DA elements. 

 

BASF 
2/3 
2. 

BfR Not yet The information on the performance (particularly 
reproducibility, applicability etc.) of the BASF 2/3 
DKH ITS provided in GD256-Annex1 need to be 
revised before becoming part of a Guideline DA. It 
is also important to investigate in more detail the 
performance of the different combinations of 
assays in order to design tailored approaches for 
different chemical classes/functional groups. The 
fact that only a yes/no answer prediction of 
sensitisation, but no potency sub-categorisation is 
currently possible, limits the regulatory usefulness 
of the approach. 

As discussed, yes/no 
predictions are useful in 
some regulatory areas and 
the US EPA is accepting the 
2/3 DA in lieu of the LLNA.  In 
order to distinguish between 
DAs suitable for hazard ID 
and those suitable for 
potency classification, 
hazard ID DAs are described 
separately in "Part 1" of the 
GL.  The limitations of the DA 
for only hazard identification 
are clearly stated in the 
introduction to Part 1 DAs 
and in the "Summary" 
specific to the 2/3 DA, both 
on page 3 of the draft GL.   

BASF 
2/3 
3. 

Sw Yes However, it would be helpful to address the 
issues raised regarding reproducibility and 
applicability domain above-mentioned. 
Furthermore, it is noted that the data 
interpretation procedures of the “Sens ITS: 2 out 
of 3” DA  provide hazard predictions (sensitizer vs. 
non-sensitizer), but do not provide information on 
sensitizing potency. 

 

https://community.oecd.org/community/tgeg
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DA/
# 

Expe
rt 

Acceptabl
e for TG? 

Comment RESPONSE TO COMMENTS 

BASF 
2/3 
4. 

PK Yes The DA fulfils the criteria for inclusion in a 
performance based guideline.   

 

BASF 
2/3 
5. 

ECH
A 

Not yet When 3 assays provide consistent results, the 
predictive capacity appears to be very high. 
We have a concern that the predictive capacity 
related values of this 2 out of 3 approach is 
positively affected from the data sets where 
consistent results are obtained from three assays, 
as there seem to be quite some high false positive 
(more than in LLNA) and negative prediction 
values when inconsistent results are obtained. 
Therefore relying on pure statistics in case 
conflicting information is obtained is not 
supported. In case where inconsistent 
information is obtained in this DA, supporting 
information should be obtained in order to clarify. 
In this DA, based on the DIP, 2 to 3 key events 
should be performed, however which test to 
perform is left open. This may be a problem when 
developing a DA TG. 
Therefore, we would recommend that more work 
is done in evaluating the data set when 
inconsistent results are obtained to verify 
whether these fulfil the pre-agreed criteria. 

The sub-group on 
uncertainty in the DAs is 
addressing this.  Based on 
these analyses, 
recommendations may be 
made on  the optimal 
order/assays for this DA 

BASF 
2/3 
6. 

GM Not yet The predictivity, reliability and applicability of the 
Sens ITS DA all require further evaluation to 
establish whether it is suitable for inclusion in the 
performance based guideline for DA for skin 
sensitization. 

The specificity of the 2/3 is 
about 64% which is lower 
than the other DAs, is 
balanced accuracy is similar 
to reproducibility of the 
LLNA data for hazard ID.  The 
subgroup evaluating 
uncertainty in DAs will 
consider the how the order 
and selection affects the 
predictions.   Based on these 
analyses, recommendations 
may be made on  the 
optimal order/assays for this 
DA.  Further, the balanced 
accuracy of the 2/3 for the 
human data is 75.9% and 
exceeds the LLNA. 

BASF 
2/3 
7. 

NP Not yet Lower specificity and FN need to be clarify and 
understood to get equivalence with reference 
animal test. 

The specificity of the 2/3 is 
about 64% which is lower 
than the other DAs, is 
balanced accuracy is similar 
to reproducibility of the 
LLNA data for hazard ID.  The 
subgroup evaluating 
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DA/
# 

Expe
rt 

Acceptabl
e for TG? 

Comment RESPONSE TO COMMENTS 

uncertainty in DAs will 
consider the how the order 
and selection affects the 
predictions.   Based on these 
analyses, recommendations 
may be made on  the 
optimal order/assays for this 
DA. 

BASF 
2/3 
8. 

JE Not yet The DA fulfils almost all criteria for inclusion. Only 
reproducibility of the DA is not reported,  which is 
of importance for inclusion in a PBTG.. In the 
validation study it is shown that the individual 
test methods all have limitations in reproducibility 
(within and between labs). It is unknown how the 
reproducibility of the individual assays impacts 
that of the DA. It is essential to explore this 
further. 

The sub-group on 
uncertainty in the DAs is 
addressing this.  As results 
become available, the overall 
reproducibility of the DAs 
will be included in the GL or 
annex to GD 256.  Based on 
these analyses, 
recommendations may be 
made on  the optimal 
order/assays for this DA. 

BASF 
2/3 
9. 

NAn Yes Additional evalutation of uncertainties requested 
 

BASF 
2/3 
10. 

NA Yes The “Sens ITS: 2 out of 3” DA is based on readout 
obtained from tests that cover the first three key 
events of the AOP, addressed using OECD TG 
442C, OECD TG 442D and OECD TG 442E. 
Transparency of all individual elements and the 
DA is acceptable and therefore fall under mutual 
acceptance of data. 

 

BASF 
2/3 
11. 

RS Yes From practical standpoint, it would be useful to 
evaluate performance of the DA compared to 
each individual assay. It is not clear if multiple 
assays within a DA compensates for other assay’s 
limitations.  

 

BASF 
2/3 
12. 

GP No answer Not clear whether the uncertainties associated 
with the application of the defined approach or 
whether the chemicals underpinning the 
development and assessment of the DA were 
necessarily captured in the framework explicitly. 
Prevalence of sensitisers? Our evaluations are 
restricted by the available data generated. 

 

BASF 
2/3 
13. 

KS Yes The DA meets the criteria and should be included 
in the DA Test Guideline 

 

BASF 
2/3 
14. 

PB Yes Based on the critera covered in the framework, 
the DA is acceptable for inclusion in a PBTG.  
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DA/
# 

Expe
rt 

Acceptabl
e for TG? 

Comment RESPONSE TO COMMENTS 

BASF 
2/3 
15. 

 
Additional 
Comment
s/Issues 
Raised 

DA with various inputs predicts the human 
sensitisation potential with greater accuracy than 
the mouse LLNA, slightly lower sensitivity but 
significantly higher specificity.   

The predictive performance 
of the DA against LLNA and 
human data is reported in 
the guideline. 

BASF 
2/3 
16. 

 
Additional 
Comment
s/Issues 
Raised 

Performance is lower on the non-overlapping set This refers to the non-
overlapping set from the 
Cosmetics Europe project, 
which consists of 36 
chemicals. The performance 
of the 2/3 DA against the 
human endpoint for the non-
overlapping set was slightly 
lower than the original set of 
chemicals the DA was 
evaluated against, but was 
still superior to the 
performance of the LLNA 
when compared to the 
human data. 

BASF 
2/3 
17. 

 
Additional 
Comment
s/Issues 
Raised 

Potential issues predicting pre- and pro-haptens This is detailed in 
"Applicability Domain and 
Limitations" section of the 
draft GL specific to the 
2/3section on page 7. 

BASF 
2/3 
18. 

 
Additional 
Comment
s/Issues 
Raised 

Only provides hazard categorization, no potency 
estimation or quantitative risk assessment 

As discussed, yes/no 
predictions are useful in 
some regulatory areas and 
the US EPA is accepting the 
2/3 DA in lieu of the LLNA.  In 
order to distinguish between 
DAs suitable for hazard ID 
and those suitable for 
potency classification, 
hazard ID DAs are described 
separately in "Part 1" of the 
GL.  The limitations of the DA 
for only hazard identification 
are clearly stated in the 
introduction to Part 1 DAs 
and in the "Summary" 
specific to the 2/3 DA, both 
on page 3 of the draft GL.   

BASF 
2/3 
19. 

 
Additional 
Comment
s/Issues 
Raised 

Insufficient information was available to 
benchmark the reproducibility of the DA vs. 
reference animal test data (although sufficient 
information exists on the reproducibility of the 
individual DA information sources). 

The sub-group on 
uncertainty in the DAs is 
addressing this.  As results 
become available, the overall 
reproducibility of the DAs 
will be included in the GL or 
annex to GD 256.  Based on 
these analyses, 
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DA/
# 

Expe
rt 

Acceptabl
e for TG? 

Comment RESPONSE TO COMMENTS 

recommendations may be 
made on  the optimal 
order/assays for this DA 

BASF 
2/3 
20. 

 
Additional 
Comment
s/Issues 
Raised 

More guidance is needed on the order of test 
methods and mechanistic domain coverage. 
Additional information can be given for the 
concordance of the different 2x2 individual test 
methods predictions (contingency tables) to 
better characterized the sequential testing 
depending of the chemical and biological 
pathways involved. 

The sub-group on 
uncertainty in the DAs is 
addressing this.  As results 
become available, the overall 
reproducibility of the DAs 
will be included in the GL or 
annex to GD 256.  Based on 
these analyses, 
recommendations may be 
made on  the optimal 
order/assays for this DA 

BASF 
2/3 
21. 

 
Additional 
Comment
s/Issues 
Raised 

The appropriateness of incorporating any other 
assay into the ITS would need to be evaluated 
similarly to the ones already evaluated. That is, 
the predictivity statistics would need to be 
derived in combination with the other assays. 

As discussed in the EG 
meetings, unless already 
analysed and published, 
incorporating of any other 
"me too" assay in this DA 
would be up to the test 
method developer. 

BASF 
2/3 
22. 

 
Additional 
Comment
s/Issues 
Raised 

Consideration, inclusion and/or relevance of the 
IL-8 and other "me-too" test methods in the 
current “Sens ITS: 2 out of 3” DA should be 
specified and stated. 

As discussed in the EG 
meetings, unless already 
analysed and published, 
incorporating of any other 
"me too" assay in this DA 
would be up to the test 
method developer. 

BASF 
2/3 
23. 

 Additional 
Comment
s/Issues 
Raised 

Including limitations would be useful: 
o For example, not applicable to chemicals that: 
§ rapidly hydrolize in aqueous cell culture media 
or  
§ require metabolism or  
§ highly cytotoxic or 
§ not soluble in DMSO or water at high enough 
concentrations (non-sensitizer predictions are not 
considered valid) 
§ physical properties affecting dermal penetration 
etc 

"Substance related 
limitations" are included in 
the "Applicability Domain 
and Limitations" section on 
page 7 of the draft GL. 

Kao 
STS 
1. 

HC Yes This DA can be used in a performance-based test 
guideline, recognizing that it has limitations not 
unlike the LLNA and will be among a number of 
DA’s that can be chosen for evaluation of a 
specific chemical. 

 

Kao 
STS 
2. 

HC Yes The DA mostly fulfils the criteria for inclusion in a 
performance based guideline. It shows significant 
accuracy with respect to human hazard and LLNA, 
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DA/
# 

Expe
rt 

Acceptabl
e for TG? 

Comment RESPONSE TO COMMENTS 

and is more accurate than the KAO STS at 
prediction of potency.  However, there is concern 
for under prediction of sensitizers.  There is also 
concern for consistent DIP application when the 
results of the three elements are discordant 
based on technical limitations of a particular 
method. 

Kao 
STS 
3. 

BfR Not yet A final conclusion on the inclusion of the Kao ITS 
into a Guideline DA is not possible at this stage as 
e.g. information on the predictive capacity of the 
Kao STS (based on dataset from Takenouchi et al, 
2015) with regard to human data (and hence 
comparison to LLNA) is not provided in GD256-
Annex1. Furthermore, a more thorough definition 
of the applicability domain of the entire test 
battery may be beneficial to raise the predictive 
capacity of the Kao ITS. Regarding potency, the 
question arises what the benefit will be if it 
cannot be used for GHS subcategorization into 
1A/B. 

A detailed comparison of the 
Kao ITS against both the 
LLNA data and human data 
will be added to GD 256 in 
due course, following 
discussion and 
recommendations from the 
EG regarding the specific 
content to be included.  The 
comparison is available in 
the Kleinstreuer et al. 2018 
publication, was discussed in 
detail at the Dec 2016 WNT 
meeting, and is summarized 
in the draft GL. The 
predictive performance of 
the DA for UN GHS potency 
categories has been included 
in the draft GL. 

Kao 
STS 
4. 

Sw Yes Yes, it seems to fulfil the criteria. However, it 
would be helpful to address the issues raised 
regarding reproducibility and applicability domain 
above-mentioned. Furthermore, it is noted that 
the “Kao ITS” DA provides information on both, 
hazard predictions (sensitizer vs. non-sensitizer), 
and sensitizing potency. However, the correlation 
of the predicted potency (EC<1% in LLNA (Strong), 
EC3³1% (weak), non sensitiser) do not correspond 
to the UN GHS sub-classification into subcategory 
1A (EC < 2% in LLNA) and 1B (EC³2%). 

 

Kao 
STS 
5. 

RS Yes This DA may be applicable for hazard assessment. 
The potency information could be useful for early 
stage screening purposes. May be of limited use 
for quantitative risk assessment. 

 

Kao 
STS 
6. 

GM Not yet The reliability and applicability of the KAO ITS DA 
require further evaluation to establish whether it 
is suitable for inclusion in the performance based 
guideline for DA for skin sensitization. 

With regard to performance 
of each individual assay with 
in the DA and the reliability 
of the specific DA, the sub-
group on uncertainty is 
addressing this.  As results 
become available, the overall 
reproducibility of the DAs 
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DA/
# 

Expe
rt 

Acceptabl
e for TG? 

Comment RESPONSE TO COMMENTS 

will be included in the GL or 
annex to GD 256.  

Kao 
STS 
7. 

KS Yes The DA meets the criteria and should be included 
in the DA Test Guideline 

 

Kao 
STS 
8. 

JE Not yet The DA fulfils almost all criteria for inclusion. Only 
reproducibility of the DA is not reported, which is 
of importance for inclusion in a PBTG. In the 
validation study it is shown that the individual 
test methods all have limitations in reproducibility 
(within and between labs). It is unknown how the 
reproducibility of the individual assays impacts 
that of the DA. It is essential to explore this 
further. Also essential to translate potency 
classifications to GHS. 

With regard to performance 
of each individual assay with 
in the DA and the reliability 
of the specific DA, the sub-
group on uncertainty is 
addressing this.  As results 
become available, the overall 
reproducibility of the DAs 
will be included in the GL or 
annex to GD 256. The 
predictive performance of 
the DA for UN GHS potency 
categories has been included 
in the draft GL. 

Kao 
STS 
9. 

NP Yes The DA fulfils the criteria but some clarifications 
are needed. 

 

Kao 
STS 
10. 

GP Not yet Not in its current form. Some more explanation of 
the use of the Toolbox and better explanation to 
justify the specific KE information is still 
warranted. 

This is included on page 16-
17 of the draft GL, under the 
Description of the Individual 
Information Sources. It is 
also suggested to include the 
OECD Toolbox protocol in 
updated Annex I to GD 256. 

Kao 
STS 
11. 

NAn Yes However, chemical space coverage is not fully 
expolored and reproducibility of the DA needs to 
be better characterized 

 

Kao 
STS 
12. 

NA Yes The “ITS” DA is based on readout obtained from 
in vitro tests that cover the two key events of the 
AOP, addressed using OECD TG 442C and OECD 
TG 442E. Transparency of all individual elements 
and the DA is acceptable and therefore fall under 
mutual acceptance of data. Additional 
explanation and reporting of the in silico tools 
(relevance, domains) could strengthen their 
acceptability and fulfil the criteria for inclusion in 
a performance based guideline. 
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DA/
# 

Expe
rt 

Acceptabl
e for TG? 

Comment RESPONSE TO COMMENTS 

Kao 
STS 
13. 

PB Yes Based on the critera covered in the framework, 
the DA is acceptable for inclusion in a PBTG.  

 

Kao 
STS 
14. 

 
Additional 
Comment
s/Issues 
Raised 

There is a lower level of confidence in the QSAR 
tool for regulatory use. However, the OECD 
Toolbox does have metabolic predictor 
components which may lend confidence when 
the chemical being tested is potentially a pro- or 
pre-hapten. 

This is noted on page 17 of 
the draft GL. 

Kao 
STS 
15. 

 
Additional 
Comment
s/Issues 
Raised 

The basis for the potency classification ranges and 
scoring criteria (in particular 10 and 150 for the h-
CLAT) was unclear, and there was concern related 
to the relative impact of the QSAR element on the 
total score/potency classification. 

The decision criteria were 
designated by the DA 
developers to optimize 
predictive performance 
against a large set of 
chemicals with existing 
reference data.  

Kao 
STS 
16. 

 
Additional 
Comment
s/Issues 
Raised 

Questionable benefit of potency prediction if it 
cannot be used for GHS subcategorization into 
1A/B.  

The predictive performance 
of the DA for UN GHS 
potency categories has been 
included in the draft GL. 

Kao 
STS 
17. 

 
Additional 
Comment
s/Issues 
Raised 

Lower predictive performance against the non-
overlapping test set from Kleinstreuer et al. 2018; 
more systematic evaluation of the different data 
sets is needed to clearly define the applicability 
domain and to derive the corresponding 
predictive capacity 

This refers to the non-
overlapping set from the 
Cosmetics Europe project, 
which consists of 46 
chemicals. The performance 
of the ITS DA against the 
human endpoint for the non-
overlapping set was slightly 
lower than the original set of 
chemicals the DA was 
evaluated against, but was 
still superior to the 
performance of the LLNA 
when compared to the 
human data. 

Kao 
STS 
18. 

 
Additional 
Comment
s/Issues 
Raised 

Insufficient information was available to 
benchmark the reproducibility of the DA vs. 
reference animal test data (although sufficient 
information exists on the reproducibility of the 
individual DA information sources). 

The sub-group on 
uncertainty in the DAs is 
addressing this.  As results 
become available, the overall 
reproducibility of the DAs 
will be included in the GL or 
annex to GD 256.  Based on 
these analyses, 
recommendations may be 
made on  the optimal 
order/assays for this DA 
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Kao 
STS 
19. 

 
Additional 
Comment
s/Issues 
Raised 

Since the OECD Toolbox is not a completely 
automatic model and that grouping involves 
expert judgement, it would be also useful to 
consider the inter-assessor variability of the OECD 
Toolbox assessments. The version and profilers 
used in the OECD toolbox need also to be better 
described. 

It is suggested in the draft GL 
to include the OECD Toolbox 
protocol in updated Annex I 
to GD 256. 

Kao 
STS 
20. 

 
Additional 
Comment
s/Issues 
Raised 

Some metabolic pathways are absent from the DA 
information sources and therefore the approach 
may underpredict the potency of pre- and pro-
haptens. 

This is noted on page 19 of 
the draft GL.  

Kao 
STS 
21. 

 
Additional 
Comment
s/Issues 
Raised 

Further explore that the incorporation of 
additional in silico data improved the predictive 
performance of the original approach without the 
addition of significant uncertainty (DEREK and 
OECD TB perform equally but mispredict different 
chemicals) 

The performance of ITSv1 
and ITSv2 have been 
compared on a large set of 
chemicals, and have been 
shown to be equivalent. 
While they mispredict 
different chemicals, when 
combined with the in vitro 
methods in the context of 
the DA, the predictions differ 
for only seven chemicals (out 
of 128) and the performance 
overall is the same. 

Kao 
STS 
22. 

 Additional 
Comment
s/Issues 
Raised 

Explore the performance of the DA for common 
test set by replacing single test methods within 
each key event by other OECD accepted TG test 
methods (for KE3 for which multiple test methods 
have been adopted).   

With respect to the question 
of replacing the single test 
methods by other OECD 
accepted TG methods, as 
discussed in the EG 
meetings, unless already 
analysed and published, 
equivalent performance of 
the DA would need to be 
demonstrated by the 
DA/test method developers. 

Kao 
ITS 
1. 

HC Yes The DA mostly fulfils the criteria for inclusion in a 
performance based guideline. It shows significant 
accuracy with respect to human hazard and LLNA, 
and is more accurate than the KAO STS at 
prediction of potency.  However, there is concern 
for under prediction of sensitizers.  There is also 
concern for consistent DIP application when the 
results of the three elements are discordant 
based on technical limitations of a particular 
method. 

 

Kao 
ITS 
2. 

BfR Not yet A final conclusion on the inclusion of the Kao ITS 
into a Guideline DA is not possible at this stage as 
e.g. information on the predictive capacity of the 
Kao STS (based on dataset from Takenouchi et al, 
2015) with regard to human data (and hence 

A detailed comparison of the 
Kao ITS against both the 
LLNA data and human data 
will be added to GD 256 in 
due course, following 
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comparison to LLNA) is not provided in GD256-
Annex1. Furthermore, a more thorough definition 
of the applicability domain of the entire test 
battery may be beneficial to raise the predictive 
capacity of the Kao ITS. Regarding potency, the 
question arises what the benefit will be if it 
cannot be used for GHS subcategorization into 
1A/B. 

discussion and 
recommendations from the 
EG regarding the specific 
content to be included.  The 
comparison is available in 
the Kleinstreuer et al. 2018 
publication, was discussed in 
detail at the Dec 2016 WNT 
meeting, and is summarized 
in the draft GL. The 
predictive performance of 
the DA for UN GHS potency 
categories has been included 
in the draft GL. 

Kao 
ITS 
3. 

Sw Yes Yes, it seems to fulfil the criteria. However, it 
would be helpful to address the issues raised 
regarding reproducibility and applicability domain 
above-mentioned. Furthermore, it is noted that 
the “Kao ITS” DA provides information on both, 
hazard predictions (sensitizer vs. non-sensitizer), 
and sensitizing potency. However, the correlation 
of the predicted potency (EC<1% in LLNA (Strong), 
EC3³1% (weak), non sensitiser) do not correspond 
to the UN GHS sub-classification into subcategory 
1A (EC < 2% in LLNA) and 1B (EC³2%). 

 

Kao 
ITS 
4. 

RS Yes This DA may be applicable for hazard assessment. 
The potency information could be useful for early 
stage screening purposes. May be of limited use 
for quantitative risk assessment. 

 

Kao 
ITS 
5. 

GM Not yet The reliability and applicability of the KAO ITS DA 
require further evaluation to establish whether it 
is suitable for inclusion in the performance based 
guideline for DA for skin sensitization. 

With regard to performance 
of each individual assay with 
in the DA and the reliability 
of the specific DA, the sub-
group on uncertainty is 
addressing this.  As results 
become available, the overall 
reproducibility of the DAs 
will be included in the GL or 
annex to GD 256.  

Kao 
ITS 
6. 

KS Yes The DA meets the criteria and should be included 
in the DA Test Guideline 

 

Kao 
ITS 
7. 

JE Not yet The DA fulfils almost all criteria for inclusion. Only 
reproducibility of the DA is not reported, which is 
of importance for inclusion in a PBTG. In the 
validation study it is shown that the individual 
test methods all have limitations in reproducibility 
(within and between labs). It is unknown how the 
reproducibility of the individual assays impacts 

With regard to performance 
of each individual assay with 
in the DA and the reliability 
of the specific DA, the sub-
group on uncertainty is 
addressing this.  As results 
become available, the overall 
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that of the DA. It is essential to explore this 
further. Also essential to translate potency 
classifications to GHS. 

reproducibility of the DAs 
will be included in the GL or 
annex to GD 256. The 
predictive performance of 
the DA for UN GHS potency 
categories has been included 
in the draft GL. 

Kao 
ITS 
8. 

NP Yes The DA fulfils the criteria but some clarifications 
are needed. 

 

Kao 
ITS 
9. 

GP Not yet Not in its current form. Some more explanation of 
the use of the Toolbox and better explanation to 
justify the specific KE information is still 
warranted. 

This is included on page 16-
17 of the draft GL, under the 
Description of the Individual 
Information Sources. It is 
also suggested to include the 
OECD Toolbox protocol in 
updated Annex I to GD 256. 

Kao 
ITS 
10. 

NAn Yes However, chemical space coverage is not fully 
expolored and reproducibility of the DA needs to 
be better characterized 

 

Kao 
ITS 
11. 

NA Yes The “ITS” DA is based on readout obtained from 
in vitro tests that cover the two key events of the 
AOP, addressed using OECD TG 442C and OECD 
TG 442E. Transparency of all individual elements 
and the DA is acceptable and therefore fall under 
mutual acceptance of data. Additional 
explanation and reporting of the in silico tools 
(relevance, domains) could strengthen their 
acceptability and fulfil the criteria for inclusion in 
a performance based guideline. 

 

Kao 
ITS 
12. 

PB Yes Based on the critera covered in the framework, 
the DA is acceptable for inclusion in a PBTG.  

 

Kao 
ITS 
13. 

 
Additional 
Comment
s/Issues 
Raised 

There is a lower level of confidence in the QSAR 
tool for regulatory use. However, the OECD 
Toolbox does have metabolic predictor 
components which may lend confidence when 
the chemical being tested is potentially a pro- or 
pre-hapten. 

This is noted on page 17 of 
the draft GL. 

Kao 
ITS 
14. 

 
Additional 
Comment
s/Issues 
Raised 

The basis for the potency classification ranges and 
scoring criteria (in particular 10 and 150 for the h-
CLAT) was unclear, and there was concern related 
to the relative impact of the QSAR element on the 
total score/potency classification. 

The decision criteria were 
designated by the DA 
developers to optimize 
predictive performance 
against a large set of 
chemicals with existing 
reference data.  
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Kao 
ITS 
15. 

 
Additional 
Comment
s/Issues 
Raised 

Questionable benefit of potency prediction if it 
cannot be used for GHS subcategorization into 
1A/B.  

The predictive performance 
of the DA for UN GHS 
potency categories has been 
included in the draft GL. 

Kao 
ITS 
16. 

 
Additional 
Comment
s/Issues 
Raised 

Lower predictive performance against the non-
overlapping test set from Kleinstreuer et al. 2018; 
more systematic evaluation of the different data 
sets is needed to clearly define the applicability 
domain and to derive the corresponding 
predictive capacity 

This refers to the non-
overlapping set from the 
Cosmetics Europe project, 
which consists of 46 
chemicals. The performance 
of the ITS DA against the 
human endpoint for the non-
overlapping set was slightly 
lower than the original set of 
chemicals the DA was 
evaluated against, but was 
still superior to the 
performance of the LLNA 
when compared to the 
human data. 

Kao 
ITS 
17. 

 
Additional 
Comment
s/Issues 
Raised 

Insufficient information was available to 
benchmark the reproducibility of the DA vs. 
reference animal test data (although sufficient 
information exists on the reproducibility of the 
individual DA information sources). 

The sub-group on 
uncertainty in the DAs is 
addressing this.  As results 
become available, the overall 
reproducibility of the DAs 
will be included in the GL or 
annex to GD 256.  Based on 
these analyses, 
recommendations may be 
made on  the optimal 
order/assays for this DA 

Kao 
ITS 
18. 

 
Additional 
Comment
s/Issues 
Raised 

Since the OECD Toolbox is not a completely 
automatic model and that grouping involves 
expert judgement, it would be also useful to 
consider the inter-assessor variability of the OECD 
Toolbox assessments. The version and profilers 
used in the OECD toolbox need also to be better 
described. 

It is suggested in the draft GL 
to include the OECD Toolbox 
protocol in updated Annex I 
to GD 256. 

Kao 
ITS 
19. 

 
Additional 
Comment
s/Issues 
Raised 

Some metabolic pathways are absent from the DA 
information sources and therefore the approach 
may underpredict the potency of pre- and pro-
haptens. 

This is noted on page 19 of 
the draft GL.  

Kao 
ITS 
20. 

 
Additional 
Comment
s/Issues 
Raised 

Further explore that the incorporation of 
additional in silico data improved the predictive 
performance of the original approach without the 
addition of significant uncertainty (DEREK and 
OECD TB perform equally but mispredict different 
chemicals) 

The performance of ITSv1 
and ITSv2 have been 
compared on a large set of 
chemicals, and have been 
shown to be equivalent. 
While they mispredict 
different chemicals, when 
combined with the in vitro 
methods in the context of 
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the DA, the predictions differ 
for only seven chemicals (out 
of 128) and the performance 
overall is the same. 

Kao 
ITS 
21. 

 
Additional 
Comment
s/Issues 
Raised 

Explore the performance of the DA for common 
test set by replacing single test methods within 
each key event by other OECD accepted TG test 
methods (for KE3 for which multiple test methods 
have been adopted).   

With respect to the question 
of replacing the single test 
methods by other OECD 
accepted TG methods, as 
discussed in the EG 
meetings, unless already 
analysed and published, 
equivalent performance of 
the DA would need to be 
demonstrated by the 
DA/test method developers. 

All 
1. 

 Overall 
comments 

Applicability domain of the DAs should be well 
defined 

The subgroup on Domain of 
Applicability is discussing 
how to better characterize 
AD for each DA, including 
those using QSARs as an 
information source.  
Recommendations from the 
group will be incorporated 
into the text describing each 
DA in the "Applicability 
Domain and Limitations" 
section of the draft GL. 

All 
2. 

 Overall 
comments 

Reproducibility of the DAs (not just individual 
elements)needs to be quantified and compared to 
reproducibility of the reference data. it would be 
useful to have a dedicated section on DA 
reproducibility so that this information is 
immediately retrieved without the need to search 
within each test guideline 

The subgroup on Uncertainty 
is discussing how evaluate 
uncertainty (including 
reproducibility)  in each 
information source included 
in the DA as well as in the 
overall DA.  
Recommendations from the 
group will be incorporated 
into the text describing each 
DA in the "Predictive 
capacity of the DA and 
Uncertainty" section of the 
draft GL. 

All 
3. 

 Overall 
comments 

Whilst the technical limitations are captured to 
the extent they are known in the test protocols, 
there has not been a specific assessment of the 
chemical applicability domain of any of the test 
methods per se 

When limitations in specific 
assays are known, they are 
described for each 
information source in the 
"Applicability Domain and 
Limitations" section (under 
"Substance related 
limitations").  In addition, 
the subgroup on Domain of 



CHAPTER TITLE │ 79 
 

 © OECD 2018 
  

DA/
# 

Expe
rt 

Acceptabl
e for TG? 

Comment RESPONSE TO COMMENTS 

Applicability is discussing 
how to better characterize 
AD for each DA, including 
those using QSARs as an 
information source.  
Recommendations from the 
group will be incorporated 
into the text describing each 
DA in the "Applicability 
Domain and Limitations" 
section of the draft GL. 

All 
4. 

 Overall 
comments 

Prevalence of sensitizers (and potency classes) 
should be discussed for further characterization 
of results 

For the Kao STS and Kao ITS 
DAs, predictive performance 
for the UN GHS potency 
classes has been analysed.  
More detailed descriptions 
of the misclassification 
between potency classes is 
included in materials from 
the Dec 2017 and in the 
Kleinstreuer et al. 2018 
manuscript.  While these 
analyses are  ECETOC 
potency categories, the 
misclassification of both DAs 
was never more than one 
category off (i.e. weak 
sensitizers were occasionally 
classified as strong 
sensitizers or non-sensitizers, 
but strong sensitizers were 
never misclassified as non-
sensitizers, and vice versa). 

All 
5. 

 Overall 
comments 

DAs providing potency predictions need to be 
adapted to provide information on GHS criteria 

These analyses were 
completed and included in 
the draft GL for both the Kao 
STS and Kao ITS DAs. 

All 
6. 

 Overall 
comments 

Three potency categories are not sufficient to 
cover the range of potencies and fulfill 
quantitative risk assessment needs 

Predictions of the UN GHS 
potency categories were 
calculated and included in 
the draft GL for both the Kao 
STS and Kao ITS DAs. 

All 
7. 

 Overall 
comments 

Chemistry limitations need to be well described 
for each DA (insoluble, highly cytotoxic, pre-/pro-
haptens, flurorescent, etc etc) 

For each DA, the 
"Applicability Domain and 
Limitations" section includes 
descriptions of both 
"technical limitations" and 
"substance related 
limitations" to address this 
issue. 
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All 
8. 

 Overall 
comments 

Applicability domain of the DAs should be well 
defined 

The subgroup on Domain of 
Applicability is discussing 
how to better characterize 
AD for each DA, including 
those using QSARs as an 
information source.  
Recommendations from the 
group will be incorporated 
into the text describing each 
DA in the "Applicability 
Domain and Limitations" 
section of the draft GL. 
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 Summary of Expert Review comments on preliminary draft GL for 

DASS and response to comments 

177. Below is the summary of expert reviews of the preliminary draft GL for 

DASS and responses to all comments.  The draft GL was substantially revised and this 

supporting document was created to support the review of the GL circulated to the WNT 

and various expert groups for a first written commenting round.  

Table A B.1. Expert Group comments on the preliminary draft GL for DASS and written 

responses from the project leads. 

Note: All comments and responses to draft documents circulated for review, evaluation and comments during 

the elaboration process of a Test Guideline are not typically included in a background document. At this 

stage, the comments and responses are provided here for transparency and reference, but will eventually be 

removed before publication. 

. 
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1.  GC DK If these or some of these first developed DAs should be 

adopted before any further are being developed and adopted, 

then I think the reference to quantitative risk assessment 

should be removed. The purpose of a test guideline should be 

as clear as possible and none of the three first are suited to 

reaching “a point of departure” 

The reference to quantitative risk 

assessment has been removed.  

 

2.  GC 
DK 

The TG should be confined to 2 out of 3 (see however below), 

Kao STS and Kao ITS v 2 . Ver. 1 is not relevant as 

DEREK_NEXUS is not like freely available and does not 

seem to provide any advantage over use of the OECD QSAR 

Appl.TB 

The expert group provided 

conflicting opinions on the 

inclusion of ITSv1, and it was 

decided to wait for the outcome of 

the November QSAR meeting and 

associated feedback on the criteria 

for inclusion/exclusion of 

proprietary software.  

3.  GC 
DK 

 It should be explained more how the OECD QSAR TB is used 

in Kao ITS: use of which of the protein binding profilers?, how 

to use the skin metabolism functionality together with which 

protein binding options ? OECD TB location (web site), 

version / specifications including profiler characteristics (like 

QMRF) should be provided in an annex to the TG (covered by 

MAD). It is not sufficient to keep this information in a 

reference. 

The detailed protocol for 

generating the Toolbox predictions 

used in ITSv2 is now included as 

Annex E in the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 

Defined Approaches (DAs) for Skin 

Sensitisation. 
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4.  GC 
DK 

Table 1 is currently unreadable 
Table 1 has been edited for 

readability 

5.  GC 
DK 

In general all types of specification of performance should 

show: accuracy(concordance), sensitivity, specificity and 

balanced accuracy. These terms should be defined in a 

glossary. The same go with the term “inherent reproducibility” 

used on p.3.   

The terms are now defined in the 

GL and in the supporting 

document. 

 

6.  GC 
DK 

All validation results should be presented next to each other 

for each of the three DAs. E.g.: Now for “2 out of 3” there are 

three such overviews in different places of the document with 

20 LLNA ref. substances, with Kleinstreuers 127 substances 

and with Cosmetic Europe´s larger dataset.   The variability of 

the sens and spec. in thse validations seems to be quite large – 

can that alone be attributed to the difference in number of 

substances that went into the respective validation exercise ? 

All validation results are now 

presented in great detail in the 

supporting document (Section 5 

and Annex D), including a data 

matrix of all the predictions as well 

as heat maps for visualization.  

7.  GC 
DK 

Further discussion warranted of “me too” (such as mMUSST 

as replacement for h-CLAT). Can the appropriateness of” me 

too”- claim only be judged based on a comparison between 

original method and the “me too” test – or should it in respect 

to “me too” in the context of DASS also include how this affect 

With respect to the question of 

replacing the single test methods by 

other OECD accepted TG “me-too” 

methods, as discussed in the EG 

meetings, unless already analysed 

and published, equivalent 

performance of the DA would need 
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the performance of the DAs where this info piece is being used. 

I tend to think so… 

to be demonstrated by the DA/test 

method developers. The extent to 

which DA developers must 

demonstrate this equivalence, and 

whether non-TG methods should be 

included, is a topic for discussion at 

the December meeting. 

8.  GC 
DK 

The interventions about the situation that only 2 concordant 

results from the “2 out of 3” approach can be used but sems to 

have a very  low sensitivity merits further discussion (the 

LLNA borderline issue is a similar one which could deserve 

discussion not least  in respect to scientific and regulatory 

acceptability) 

An analysis specific to the “2 out of 

3” DA with respect to having only 

2 concordant results (and which 

assays comprise those results) has 

been performed and included in the 

supporting document, and there 

were no significant trends driven by 

a specific assay, or difference from 

the sensitivity of the LLNA in 

predicting human sensitization. 

9.  GC DK 
It is of outmost importance that the identity of the substances 

being FN and FP in different DAs are being compared in this 

exercise. If the overlap is large then there is less concern for 

possible later biased use of the DA approach by cherry picking 

the results of the available DAs providing a favorable result (It 

is noted that amongst the three DAs now being dealt with they 

use results for the three first SS AOP KEs represented by a 

standard test (OECD TG) required by REACH. In  addition 

OECD QSAR TB info (used in Kao ITS) is freely available for 

Data matrices of all the predictions 

allowing for comparison of FN and 

FP across DAs, as well as heat 

maps for visualization, are provided 

in Section 5 of the supporting 

document. 
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all mono-constituent substances – so to have data allowing for 

more DAs to be employed is not unlikely for many substances. 

10.  GC DK 
In respect to the above: should the TG contain a 

recommendation to employ all possible DAs if data for this are 

available ? – And could the performance  in this exercise be 

investigated for a “super DA for SS identification” (by 

majority vote) and consisting of the three DAs now dealt 

with?  It would be interesting to see if such as super DA would 

have better performance that the three individually…… 

The guideline for defined 

approaches to skin sensitisation is 

intended to provide information on 

defined approaches that have 

fulfilled the evaluation criteria, fall 

under MAD, and may serve as an 

alternative to the LLNA. 

Integration of multiple DAs, or 

with other data such as LLNA, 

would be at the discretion of the 

regulator in the context of an IATA 

specific to their needs. 

11.  GC DK 
Kao ITS scoring into the three categories can also be 

summarized like this: Alone  neither DPRA(w),  h-CLAT (w) 

nor OECD QSAR TB(+) can lead to a SS conclusion. h-

Clat(s)+ DPRA (s) and OECD QSAR TB(+)is required to 

obtain strong SS conclusion. All other positive combinations 

of DPRA, h-CLAT & OECD QSAR TB leads to weak SS 

conclusion (I agree that GHS terminology should be used) 

GHS terminology has been used 

throughout the GL and the 

supporting document; all 

references to ECETOC potency 

categorization have been removed 

from the GL 
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12.  GC DK 
Reporting section: should include physical-chemical 

properties like water solubility, log Kow , vapor pressure, 

Henry´s constant if available, log Koa (if available), stability 

under test conditions   

The subgroup on Domain of 

Applicability has evaluated how to 

better characterize AD by using the 

2 out of 3 DA as case study. The 

approach proposed includes an 

analysis of physicochemical 

properties and is presented in full in 

the Supporting document for 

evaluation and review of draft 

Guideline (GL) for Defined 

Approaches (DAs) for Skin 

Sensitisation. 

Once the proposed approach is 

agreed this will be applied and will 

be incorporated into the text 

describing each DA in the 

"Applicability Domain and 

Limitations" section of the draft 

GL. 

13.  GC DK 
The specificity of Kao STS seems allegedly very low …. (if 

the prevalence of SS is 20-30 % this means a high number of 

FPs) 

When compared to human data, the 

specificity of the STS is 41% which 

is slightly lower than the specificity 

of the LLNA at 50%. The following 

recommendation has been included 

in the draft GL: “Due to high 

sensitivity and low specificity, the 
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“KE 3/1 STS” DA may be more 

suitable for a top-down approach.” 

14.  GC 
BfR General comment on Predictive Capacity of the 3 DAs: The 

performance of the three DAs that we currently discuss is not 

that much better than that of the individual assays, e.g. the h-

CLAT. Therefore, it seems unreasonable, why the data 

generated from the individual KE-based test guidelines are not 

considered equivalent to that of the animal tests, while the 

prediction from a DA should suffice for the classification of a 

chemical. To clarify the added value of the DAs and facilitate 

the acceptance of the PBTG, we proposed to more 

systematically evaluate the applicability domain of each 

individual DA regarding the role of mechanistic 

domains/functional groups (Michael acceptors, SN2 etc.). This 

has already been done to some degree by Urbisch et al. but 

should be discussed in more detail and should be extended to 

all DAs (See 2018-06-04_BfR_General comments.docx 

submitted during the last commenting round of group 1 DAs). 

The subgroup on Domain of 

Applicability has evaluated how to 

better characterize AD by using the 

2 out of 3 DA as case study. The 

approach proposed includes the  

evaluation of the applicability 

domain of each DA with respect to 

mechanistic domains/functional 

groups and is reported in full in the 

Supporting document for 

evaluation and review of draft 

Guideline (GL) for Defined 

Approaches (DAs) for Skin 

Sensitisation. 

Once the proposed approach is 

agreed this will be applied and will 

be incorporated into the text 

describing each DA in the 

"Applicability Domain and 

Limitations" section of the draft 

GL. 
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15.  7 BfR Inclusion of both ITS versions is acceptable. General note: It 

needs to be clarified beforehand if in silico methods fall under 

MAD (comply with TG and GLP). This needs to be discussed 

with the OECD GLP group. 

Currently, both ITSv1 and ITSv2 

are included in the draft GL, 

pending additional feedback from 

the WNT and discussions at the 

November QSAR meeting. 

16.  8 BfR There were quite a number of ‘not yet’ / ‘no’ votes (including 

ours) 

The statement that the DAs 

included in the GL were evaluated 

positively by the expert group 

reflects the majority of the 

responses, and ultimately is 

intended to apply to those DAs that 

will be included in the final GL 

(which is still under discussion).  

17.   BfR We generally agree to allow inclusion of non-guideline 

methods in a DA. However, it has to be ensured that theses 

non-guideline methods underwent a validation study to 

evaluate its reliability and transferability. In any case data 

needs to be verified independently. Furthermore, only those 

assays that were used to construct the DA should be included 

in this PBTG. (i.e. any other me-too method that will be 

included in a TG in the future will not be covered by this 

PBTG). 

With respect to the question of 

replacing the single test methods by 

other OECD accepted TG “me-too” 

methods, as discussed in the EG 

meetings, unless already analysed 

and published, equivalent 

performance of the DA would need 

to be demonstrated by the DA/test 

method developers. The extent to 

which DA developers must 

demonstrate this equivalence, and 

whether non-TG methods should be 
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included, is a topic for discussion at 

the December meeting. 

18.   BfR These values from Urbisch et al. are not consistent with the 

ones provided in table 2b. One may decide on mentioning one 

dataset or both. 

The values have been updated to 

reflect both datasets. 

19.   BfR however, animal data adresses the relevant endpoint. One 

might delete “vs. less “black box” animal data” 

The text has been deleted as 

suggested. 

20.   BfR 
The applicability domain of the DA should be more 

systematically evaluated regarding the role of mechanistic 

domains/functional groups (Michael acceptors, SN2 etc.). This 

has already been done to some degree by Urbisch et al. but 

should be discussed in more detail and should be extended to 

all DAs. 

(See 2018-06-04_BfR_General comments.docx submitted 

during the last commenting round of group 1 DAs). 

Information on the performance/limitations of the individual 

assays may rather be moved to the annex as this is redundant 

for most DAs. This section should focus on the Limitations/ 

applicability of the DA rather than the single methods. 

 

The subgroup on Domain of 

Applicability has evaluated how to 

better characterize AD by using the 

2 out of 3 DA as case study. 

This includes a characterisation 

with respect to mechanistic 

domains/functional groups, and 

physicochemical properties and is 

included in the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 

Defined Approaches (DAs) for Skin 

Sensitisation. Once the proposed 

approach is agreed this will be 
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applied and will be incorporated 

into the text describing each DA in 

the "Applicability Domain and 

Limitations" section of the draft 

GL. 

Since the 2 out of 3 DA is a simple 

rule-based DA which depends 

directly upon the limitations of the 

individual assays, therefore this 

information was deemed relevant to 

the GL by members of the expert 

group. 

21.  GC RIVM It is unclear why the guideline already includes these three 

DAs. The evaluation is not final yet and several experts said 

that the DAs were not yet ready to be included in a guideline. 

There was no consensus reached 

among the expert group in the first 

round of reviews, although the 

majority of responses were that the 

DAs were ready to be included in 

the guideline. The guideline is also 

not final yet; this is a draft 

document that is still under 

comment. The expert group and the 

WNT are being asked to review the 

suitability of including one or more 

of the DAs in the guideline, given 

the additional supporting 

information provided and the 
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analyses that have been completed 

in response to the expert comments.  

22.  GC RIVM 
The LLNA is used as a standard to assess the performance of 

the three DAs. Two of the performance standard chemicals of 

TG429 are outside the applicability domain of the non-animal 

methods. This means that the performance is based on 16 

chemicals instead of 18 chemicals. This is a point that needs to 

be discussed. 

Table 1 has been revised based on 

feedback from the expert group, 

and the comparison is based on 17 

chemicals. The point is clearly 

made that two of the PS chemicals 

fall outside of the applicability 

domain, and the supporting 

document now contains a detailed 

analysis of the applicability 

domain. 

23.  GC RIVM 
A detailed response to the comments provided by the EG on 

the 3 DAs in the review round in May has never been provided. 

Several questions therefore still remain and need further 

clarification. 

A detailed response to comments 

on the first review round is 

provided as part of the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 

Defined Approaches (DAs) for Skin 

Sensitisation. 

24.  GC RIVM 
There is overlap between the text of the case studies (from 

GD256) and this guideline. I think it is good to discuss which 

information is essential for this guideline. The purpose of 

GD256 was different than that of the guideline. Not all 

The GL has been revised to 

streamline the information 

provided, and a significant amount 

of additional detail has been 
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information is needed for the test guideline. I also found the 

order not fully logical. 

included in the supporting 

document.  

25.  GC RIVM 
It would be good to focus the test guideline only on the GHS 

categories and not on ECETOC. The criteria used for 

evaluation of the DA are quite clear on this “For other 

regulatory applications the DA should provide partial 

classification (e.g. able to discriminate GHS Cat 1A) and/or 

sufficient information for classification and labelling (e.g. 

discriminate GHS Cat 1A and Cat 1B). “. For this reason, it is 

confusing to make two comparisons. Please remove all text on 

the ECETOC subcategories to be consistent with the criteria. 

The GL section on potency 

categorization is now entirely 

focused on GHS; all text on the 

ECETOC subcategories has been 

removed. 

26.  3 
RIVM 

Maybe regulatory purposes is better. It is logical to leave out 

[the mention of QRA] and mention that at the moment there 

are not DAs that can be used for QRA. 

Language has been changed as 

suggested. The mention of QRA 

has been omitted for now. 

27.   
RIVM 

For the guideline it is better to include the free OECD Toolbox. 

But you can always mention that it is possible to use DEREK 

instead (if you have al license). I would not include both, this 

is confusing. 

The expert group provided 

conflicting opinions on the 

inclusion of ITSv1, and it was 

decided to wait for the outcome of 

the November QSAR meeting and 

associated feedback on the criteria 

for inclusion/exclusion of 

proprietary software.  
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28.   
RIVM 

Table 1.1. This means that only 16 chemicals are used. Is that 

sufficient? 

There are 17 LLNA performance 

standard chemicals in Table 1.1 for 

which there were data across all the 

DAs. Chlorobenzene, salicylic 

acid, and methylmethacrylate were 

excluded from the PS chemicals 

based on feedback from the EG 

(Regul Toxicol Pharmacol. 2013 

Mar;65(2):278-85. doi: 

10.1016/j.yrtph.2012.12.006). This 

is a sufficient and typical number of 

chemicals for performance 

standards (and is consistent with the 

number of recommended reference 

substances for the LLNA in TG 

429); the detailed performance of 

all the DAs against a much larger 

set of chemicals is also included in 

the GL as well as in the supporting 

document. 

29.  10 
RIVM 

Performance of the DAs: To evaluate the performance, I would 

start with this sentence (“To provide a basis for comparison, 

the LLNA was 80% concordant when compared to the human 

reference data”), because the performance of the LLNA to 

predict human hazard is used as a standard here. For the DA 

you only need to mention the performace to predict human 

The sentence has been moved as 

suggested. With respect to the 

reference data, there are members 

of the EG/WNT that require the 

LLNA, as the current animal 

method, as the basis for 
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hazard and compare this with the LLNA.  I would delete all 

concordance compared to the LLNA. 

comparison, and have suggested 

that the human data be deleted. In 

this case, it seems prudent to 

include both datasets as they 

constitute the best available 

information to interrogate the 

performance of the DAs and are 

necessary to 1) evaluate the 

suitability of the DAs as a 

replacement for the existing animal 

method and 2) evaluate the 

suitability of the DAs as a predictor 

of human skin sensitisation.  

30.  11 
RIVM It is important to understand the variability in the non-animal 

data as well and to understand the uncertainty in the DA 

predictions. This was an issue brought up in the initial 

evaluation of May 2018. 

 

The variability of the DAs, and the 

impact of uncertainty on the 

predictive performance, has been 

addressed in detail in the 

Supporting document for 

evaluation and review of draft 

Guideline (GL) for Defined 

Approaches (DAs) for Skin 

Sensitisation and is summarized in 

the draft GL. 
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31.  13 
RIVM 

I wonder if we need a summary. It may be more logical to 

rename this paragraph and start with describing the structure 

and the individual information sources of the DA. Please add 

Accuracy, Sensitivity, Specificity based on Kleinstreuer paper. 

If you mention the TGs here instead of the individual assays, 

it implies that all assays in the TGs can be used, including the 

IL8Luc for example. This can cause confusion. Recommend to 

describe the prediction model in an objective way instead of a 

subjective way. 

The logical order of the sections 

was chosen to be consistent with 

other OECD TGs, and the summary 

describes the structure and the 

individual information sources of 

the DA before describing the DIP. 

The references to the tables with 

accuracy, sensitivity and specificity 

have been added, and all other 

suggested corrections 

implemented. 

32.   
RIVM For a guideline it may be better to define the order. If in real 

life the DPRA and Keratinosens are applied first, why not 

mention this. 

 

The subgroup evaluating 

uncertainty in DAs has consider 

how the order and selection affects 

the predictions, by applying a 

bootstrap approach to all validation 

study data. and showing there is no 

impact.  The analysis on the impact 

of the sequential order of testing in 

the 2of3 DA has been included in 

the supporting document. In any 

case the draft GL now reports that 

that “Due to the higher complexity 

and resources required (e.g. flow 

cytometer needed) to conduct the 

tests used for KE 3, the DPRA 
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(KE1) and Nrf2-ARE-based tests 

(KE2) will usually be conducted 

first.” 

33.   
RIVM 

I think this [mMUSST] cannot be included yet 
Topic still open for discussion (i.e. 

at the December meeting) due to 

conflicting feedback from the 

expert group. 

34.   
RIVM 

I think this paragraph [Chemicals used to build the DA] can be 

deleted. The performance is shown below. For a guideline it is 

not needed to add the chemicals. 

If there is consensus on this, the text 

can be moved to the supporting 

document (or eventually, GD 256 

Annex I). 

35.   
RIVM 

This paragraph is confusing. The DA is compared to the LLNA 

proficiency chemicals. It is not clear why the proficiency of the 

DA is demonstrated when the proficiency of the individual 

information sources is demonstrated. 

There was some discussion among 

the leads and the expert group if 

proficiency chemicals were needed 

for the DA, and not just the in silico 

methods used in the DA.  For the 2 

out of 3, they would be the same but 

this may be relevant to ensure the 

QSAR (or other in silico methods) 

are being correctly applied. 

36.   RIVM I think it would be good to include uncertainty in this chapter 

as well. I think it is essential to include this [App Dom 

assessment] in the guideline. 

A detailed analysis of DA 

reproducibility and impact of 

uncertainty on performance, as well 

as a systematic evaluation of the 

applicability domain of each DA 
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with respect to mechanistic 

domains/functional groups, and 

physicochemical properties, is 

included in the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 

Defined Approaches (DAs) for Skin 

Sensitisation. 

 

37.   RIVM The ECETOC classification is not used by regulatory 

authorities. SCCS for example uses the same cut-offs as GHS 

(2%). I would only discuss GHS and not ECETOC here. It is 

not a review but a guideline that is used for regulatory 

purposes. 

The GL section on potency 

categorization is now entirely 

focused on GHS; all text on the 

ECETOC subcategories has been 

removed. 

 

38.   ECHA 
General comment on how to refer to different potency: 

currently the draft test guideline refers to 

strong (Cat 1A) and weak (Cat 1B). The UN GHS refers to 

Strong for Cat 1A and Cat 1B is other 

sensitisers, and the CLP refers to strong and extreme for Cat 

1A and moderate for Cat 1B, therefore 

if it is intended that UN GHS classification is included in this 

TG, it is advised to use that specific 

terminology. 

 

The terminology has been updated 

to reflect both the UN GHS 

classification language and to 

maintain the language used in the 

DA development process for sake 

of clarity (e.g. “the strong class in 

the DA predicts EC3<2% in LLNA 

(Strong, GHS sub-category 1A) 

and the weak class predicts 

EC3≥2% (Other, GHS sub-

category 1B)”).  
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39.   
ECHA 2 out of 3 DA 

The general accuracy of the DA seems to be similar to the 

LLNA, however if the DA is cut into pieces, it raises some 

concern. We have used the Cosmetics data set to look accuracy 

of the DA. Very concerning is that depending on the 

combinations when one has 2 negatives and 1 positive, one can 

get up to 46% false negatives when compared to human data, 

and this is higher than the one when the comparison has been 

done between LLNA and human data. The number of false 

negatives is so high, that in such cases it does not provide 

adequate evidence for the substance being a nonsensitiser. 

Therefore, either one needs to assess and specify explicitly 

which combinations are acceptable, or when such outcome is 

obtained, one would need to conclude that the outcome is 

inconclusive. 

 

The sub-group on uncertainty in 

the DAs has addressed this by 

applying a probabilistic approach 

on 24 chemicals with sufficient 

number of experiments from the 

individual test methods validation 

study.  The average reproducibility 

of the 2 out of 3 DA was 85.6%, 

regardless of the sequential order 

of the test methods chosen. 

Also the subgroup has consider 

how the order and selection affects 

the predictions, showing there is no 

impact. These analyses are reported 

in full in the supporting document 

40.   
ECHA Kao ITS and STS 

It has been mentioned, that the prediction model has been 

changed to reflect the UN GHS EC3 cut 

off i.e. 2% from the earlier version of 1%. However, no 

changes have been made to the prediction 

When compared to the human data, 

the LLNA has an underprediction 

rate of 21.1%, and the Kao STS has 

a rate of 14.3%, Kao ITSv1 has a 

rate of 17.5%, and Kao ITSv2 has a 
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model. When looking again at the cosmetics dataset, based on 

this change of cut off from 1% to 2%, 

there is a rate of underpredictions of 53% (from cat 1A to 1B) 

when compared to human data (cat 1 

and 2), with the LLNA the underprediction rate is 37%, hence 

for it seems that the pre-agreed criteria seem not to be met for 

this. Hence, one option could be that in case one obtains a 

results as 

Cat 1B (weak according to the DA), to clearly specify in the 

TG that in order to verify whether the 

substance belongs to cat 1A or 1B additional information 

needs to be generated. Unless new 

evidence has become available to provide other information. 

 

rate of 18.2% (see Tables 3d, 4d, 

and 5d in the draft GL). All of these 

DAs have underprediction rates 

that are lower than the LLNA, and 

in this 128-chemical dataset there 

were no strong human sensitisers 

that were mispredicted as 

nonsensitisers by any of these three 

DAs (in contrast to the LLNA, 

which did mispredict multiple 

strong human sensitisers as 

nonsensitisers). Similarly, there 

were no human nonsensitisers that 

were mispredicted as strong 

sensitisers by any of the DAs (in 

contrast to the LLNA, which did 

mispredict a human nonsensitiser 

as a strong sensitiser). 

41.   
Susanne 

Kolle/Andreas 

Natsch 

I’d leave this up to the user. (q)RA is not part of OECD TGs. 
The mention of (q)RA has been 

removed. 

42.   
Susanne 

Kolle/Andreas 

Natsch 

I would only included ITSv2 and not ITSv1 or STS. ITSv2 and 

STS need the same in vitro data – so cost is the same, but 

predictive capacity in terms of balanced accuracy for ITSv2 is 

much better, and specifity of STS is not acceptable. We should 

If the consensus of the EG and the 

WNT is that neither the ITSv1 nor 

the STS should be included, then 

the final GL will reflect that. 
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thus not promote a method where we have the better option 

already identified and included in the same document. 

Especially as regulators often  tend to go to worst case and will 

then only focus on sensitivity. 

However, based on conflicting 

feedback from the EG it is still a 

current topic open for discussion 

(i.e. at the December meeting). 

43.   
Susanne 

Kolle/Andreas 

Natsch 

Has somebody done the reproducibility part – this can be done 

based on a post hoc analysis of validation data, but I have not 

seen such calculations for the approaches! 

A detailed analysis of DA 

reproducibility and impact of 

uncertainty on performance is now 

included in the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 

Defined Approaches (DAs) for Skin 

Sensitisation. 

44.   
Susanne 

Kolle/Andreas 

Natsch 

This is cirtical as some of the LLNA PS rely on single animal 

data (see Regul Toxicol Pharmacol. 2013 Mar;65(2):278-85. 

doi: 10.1016/j.yrtph.2012.12.006). The problematic PSs have 

to be excluded from the analysis. 

The problematic PS chemicals have 

been excluded from this section and 

Table 1, as suggested. 

45.   
Susanne 

Kolle/Andreas 

Natsch 

Only add [mMUSST] if new calculations with validated test 

included. This would need to be recalculated with validated 

Usens and added as separate Table (table 2 c and 2d), giving 

performance and n tested chemicals 

The other assays covered under 

442E have not been evaluated in 

this DA. It is assumed that the DA 

developers (or test method 

developers) will provide this 

analysis as a prerequisite for 

inclusion in the GL. They have 

however provided the analysis to 

include the mMUSST but that does 
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not fall under 442E. Topic still open 

for discussion (i.e. at the December 

meeting) due to conflicting 

feedback from the expert group. 

46.   
Susanne 

Kolle/Andreas 

Natsch 

Add text “The analysis on large datasets presented in Table 2 

and in Urbisch et al. are primarily done based on results from 

the KeratinoSens assay. Since LuSens is very similar to 

KeratinoSens (Same parent cell line, same regulatory pathway 

addressed), similar outcome is expected when using LuSens 

but it has not been done on large dataset.” 

Text has been added as suggested. 

47.   
Susanne 

Kolle/Andreas 

Natsch 

The uncertainity analysis should also include some words 

about results close to the respective cut-off values (see e.g.  

ALTEX. 2017;34(4):525-538. doi: 10.14573/altex.1606271.) 

The analysis of LLNA 

reproducibility that is now included 

in the supporting document 

includes a section on the impact of 

tested concentration ranges. A 

bootstrap approach was applied to 

the non-animal results to inform a 

detailed analysis of reproducibility 

and impact of uncertainty on the 

DA predictions.  

48.   
Susanne 

Kolle/Andreas 

Natsch 

Table 2: It should be mentioned in a footnote that this is based 

on KeratinoSens data and hClat data 

 

This is now mentioned in the intro 

text to Table 2.1 and in a footnote. 
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49.  21 
Susanne 

Kolle/Andreas 

Natsch 

Why do we only cite here the Cosmetic Europe analysis and 

not also the Urbisch analysis / Dataset? 

Text has been revised and refers to 

the supporting document which 

includes references to the CE and 

Urbisch analyses. 

50.   
Susanne 

Kolle/Andreas 

Natsch 

[LogP cutoffs] to be updated re new guideline. Please don’t put 

numbers here! Soluble substances and those forming stable 

dispersions can be tested. Solubility is far more of an issue in 

the DPRA… 

 

Numbers have been removed as 

suggested. 

51.   
Susanne 

Kolle/Andreas 

Natsch 

The order [of the 2of3 methods] is not of importance. 
An analysis on the impact of the 

sequential order of testing in the 

2of3 DA has been included in the 

supporting document, as well as an 

analysis of the impact of using 

different combinations of the 3 

assays on the predictive 

performance and the uncertainty 

associate with the DA. 

52.   
Susanne 

Kolle/Andreas 

Natsch 

Assay description should be the same for each of the TG 

methods with the additional DA specifics 

Same applies for limitations etc. 

 

The assay descriptions and 

limitations for each of the 

information sources in common 

across the DAs have been updated 

to use consistent language where 

possible; however, additional 

language was necessary in the assay 
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descriptions for Part II (Potency 

Classification) to communicate 

how the quantitative results of the 

assays are used.  

53.   
Martina 

Klaric 

BIAC 

I would suggest to keep the reference to quantitative risk 

assessment in because this is one of the uses of this guideline. 

Reference to part III could be omitted for the moment and 

added at a later stage. 

The general consensus among the 

EG was to remove the reference to 

qRA – however this could still be a 

topic for discussion at the 

December meeting. 

54.   
Martina 

Klaric 

BIAC 

Suggested rewording: …and the activation/proliferation of 

antigen-specific naïve T cells by DC-mediated antigen 

presentation (KE4). 

Sentence has been rephrased as 

suggested. 

55.   
Martina 

Klaric 

BIAC 

The sentence could be confusing- suggested to rephrase “… 

data generated by a single KE-based test guideline assay that 

covers only one key event is not considered equivalent…..”  

In additional this is the status at the moment but might not be 

true in the near future as some methods that could provide 

potency data are in the OECD pipeline 

Sentence has been rephrased as 

suggested. 

56.   
Martina 

Klaric 

BIAC 

Suggest to omit the names of the submitters of the defined 

approaches 

The names of the submitters have 

only been included on first mention 

to maintain the connection to the 

case studies in GD 256. Throughout 

the draft GL they are referred to by 

generalized names (as “AOP 2 out 
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of 3” rather than BASF 2of3, for 

example). 

57.   
Martina 

Klaric 

BIAC 

Given the fact that the ITSv1 is the one that is references here 

(and the one that was originally submitted) I would suggest to 

keep both.  

However, this open the questions on how fixed will the 

approaches be in the future specially in respect to: a) the 

versions of the QSAR and other in silico tools used in the DA 

and the future improvements/ new versions of the software (in 

some cases old software versions are not available anymore) 

b) additional TG test methods that could potentially replace the 

method used for the original DA and  

c) additional non-TG test methods that could potentially 

replace the method used in the original DA 

The expert group provided 

conflicting opinions on the 

inclusion of ITSv1, and it was 

decided to wait for the outcome of 

the November QSAR meeting and 

associated feedback on the criteria 

for inclusion/exclusion of 

proprietary software. 

58.   
Martina 

Klaric 

BIAC 

Not all the DAs below were assessed against the complete set 

of 128 chemicals. Should this be part of the detailed 

information provided for each DA as the assessment of some 

DAs in future might not be part of this publication? 

Text has been included to specify 

that the assessment of the DAs was 

performed against the subset of 128 

chemicals for which all information 

sources were available (N=120-

128), and further details including a 

data matrix and heatmaps are now 

provided in the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 
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Defined Approaches (DAs) for Skin 

Sensitisation. 

59.   
Martina 

Klaric 

BIAC 

Table 1 is quite complex. Could be split in 2 tables- one for 

hazard prediction, other for potency prediction. Given the fact 

that the number of DAs and variations of DAs will increase it 

might be better to move the comparisons to the specific DA 

part and leave here the list of “proficiency” chemicals to be 

agreed within the group and the comparison with human & 

LLNA data. 

The names of the DAs should be consistent over the document. 

The terminology on human potency classes (and which ones 

were combined) should be explained and the same is true for 

the potency predictions of the DAs   

 

The information is succinctly 

displayed in Table 1 as is, and only 

contains the comparison to the PS 

chemicals as agreed upon by the 

EG. The generalized names of the 

DA are consistent throughout the 

draft GL, except for in reference to 

case studies from GD 256 to 

provide that connection, and 

language has been added to clarify 

the potency predictions.  

 

60.   
Martina 

Klaric 

BIAC 

The set of proficiency chemicals to assess the performance of 

DAs should be discussed and agreed. Should the proficiency 

chemicals depend on the prediction of the DA (hazard vs. 

potency vs. risk assess.) 

 

Because the draft GL is intended to 

apply to DAs that could serve as a 

replacement for the LLNA, it was 

agreed upon that the LLNA 

performance standard chemicals 

would be used as appropriate.  
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61.   
Martina 

Klaric 

BIAC 

As above: The terminology on potency classes (and which 

ones were combined) should be explained  

The term”3-class” should be more concrete. For example, 

GHS 1A/1B/non-sensitizer, ECETOC classification decribed 

in STS. 

 

The GL section on potency 

categorization is now entirely 

focused on GHS; all text on the 

ECETOC subcategories has been 

removed. 

62.   
Martina 

Klaric 

BIAC 

It is useful to have the target value for prediction performance 

[LLNA reproducibility] is mentioned. 

 

The LLNA reproducibility values 

are mentioned in the text, and a 

detailed analysis is now included in 

the Supporting document for 

evaluation and review of draft 

Guideline (GL) for Defined 

Approaches (DAs) for Skin 

Sensitisation. 

63.   
Martina 

Klaric 

BIAC 

Material on [OECD] website is not up to date 

 

The Information in the supporting 

document has been updated. There 

is a possibility the supporting 

document will be available through 

the series on testing and 

assessment, or the information may 

be used to update Annex I and II of 

GD 256. 

64.   
Martina 

Klaric 

BIAC 

It is not clear which combination of methods was used for 

which chemical sets and what is the evaluation related to a 

specific combination. Also the number of chemicals evaluated 

for a specific combination of methods is different. In general 

Text has been included to specify 

that the assessment of the DAs was 

performed against the subset of 128 

chemicals for which all information 
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we agree that TG methods covering the same KE should be 

interchangeable within the DA as long as they have a 

comparable applicability domain. The performance should be 

shown with a set of “proficiency” chemicals. If equivalent 

performance is shown the mMUSST should be treated like 

other non TG methods. What about U-SENS? 

sources were available (N=120-

128), and further details including a 

data matrix and heatmaps are now 

provided in the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 

Defined Approaches (DAs) for Skin 

Sensitisation. With respect to the 

question of replacing the single test 

methods by other OECD accepted 

TG “me-too” methods (or non-TG 

methods), as discussed in the EG 

meetings, unless already analysed 

and published, equivalent 

performance of the DA would need 

to be demonstrated by the DA/test 

method developers. The extent to 

which DA developers must 

demonstrate this equivalence, and 

whether non-TG methods should be 

included, is a topic for discussion at 

the December meeting 

65.   
Martina 

Klaric 

BIAC 

As the [2of3] DA does not prescribe the sequence of testing 

we suggest to keep it open for the consideration of the user. 

Besides financial aspects the considerantion of applicability 

An analysis on the impact of the 

sequential order of testing in the 

2of3 DA has been included in the 

supporting document, as well as an 
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domain or data already available will lead the choice of the 

initial methods. 

analysis of the impact of using 

different combinations of the 3 

assays on the predictive 

performance and the uncertainty 

associated with the DA. 

66.   
Martina 

Klaric 

BIAC 

As the title of this paragraph is “chemicals used to build the 

DA” this reference [Kleinstreuer et al] should be moved to the 

“predictive capacity” section 

 

The reference has been removed 

from the section as suggested. 

67.   
Martina 

Klaric 

BIAC 

Should the performance be calculated with all available data? 

(this comment is valida also for the other DAs) 

 

A detailed analysis of the 

performance with all available data 

is included in the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 

Defined Approaches (DAs) for Skin 

Sensitisation. 

68.   
Martina 

Klaric 

BIAC 

There is NO formal integration of an uncertainty assessment 

into the “2 out of 3 -Sens ITS” testing approach prediction 

model 

 

A detailed analysis of DA 

reproducibility and impact of 

uncertainty on performance is now 

included in the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 

Defined Approaches (DAs) for Skin 

Sensitisation. 
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69.   
Martina 

Klaric 

BIAC 

[Applicability Domain and Limitations] Refers mostly to the 

applicability of the individual methods. These considerations 

(which are described for all the DAs) could be moved in the 

general part of the guideline and here could be listed the 

specifics for each DA. 

Each section of the GL specific to a 

particular DA should be able to 

stand alone to be of utmost practical 

utility to the user. 

 

70.   
Martina 

Klaric 

BIAC 

We would suggest to keep both [ECETOC and GHS] and 

where applicable the evaluation can be compared to both 

classifications 

 

Based on the general consensus 

from the EG, the GL section on 

potency categorization is now 

entirely focused on GHS; all text on 

the ECETOC subcategories has 

been removed. 

71.   
Martina 

Klaric 

BIAC 

If the interchangeability of the data sources within a DA is 

foreseen we suggest to generalise the scheme by replacing 

DPRA by KE1 assay , h-CLAT by KE3 assay 

 

With respect to the question of 

replacing the single test methods by 

other OECD accepted TG “me-too” 

methods (or non-TG methods), as 

discussed in the EG meetings, 

unless already analysed and 

published, equivalent performance 

of the DA would need to be 

demonstrated by the DA/test 

method developers. The extent to 

which DA developers must 

demonstrate this equivalence, and 

whether non-TG methods should be 

included, is a topic for discussion at 

the December meeting. 
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72.   
Martina 

Klaric 

BIAC 

Terminology & figures should be in line with the 

categorisation system (GHS & ECETOC) and the aggregation 

of the classes should be explained 

 

Based on the general consensus 

from the EG, the GL section on 

potency categorization is now 

entirely focused on GHS; all text on 

the ECETOC subcategories has 

been removed. 

73.   
Martina 

Klaric 

BIAC 

The OECD toolbox can provide different alerts and it should 

be defined which alerts were used and the description on how 

were the data derived (this could be done in the GD annex). 

Suggest including OECD Toolbox protocol in updated Annex 

I to GD 256 (also DEREK?) Same comment as above 

regarding the versions of the software and the related updating 

(or not) of the DAs  

More guidance is required (either here of GD annex) on how 

were the alerts derived with OECD toolbox and on how 

comparable are the predictions of OECD TB with DEREK. As 

the initial (and the one published) version of the DA includes 

the DEREK we suggest to keep it in. 

 

The detailed protocol for 

generating the Toolbox predictions 

used in ITSv2 is now included as 

Annex E in the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 

Defined Approaches (DAs) for Skin 

Sensitisation. The expert group 

provided conflicting opinions on 

the inclusion of ITSv1, and it was 

decided to wait for the outcome of 

the November QSAR meeting and 

associated feedback on the criteria 

for inclusion/exclusion of 

proprietary software. 

74.   Nobheetha 

Jayaskera 

Australia 

It is important to state that these DAs were provided by the 

industry/researchers (my understanding is that these case 

studies were not validated but provided to use for reporting of 

DAs). 

 

The names of the submitters have 

been included on first mention in 

each section to maintain the 

connection to the case studies in 

GD 256. Throughout the draft GL 
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they are referred to by generalized 

names (as “AOP 2 out of 3” rather 

than BASF 2of3, for example). 

75.   Nobheetha 

Jayaskera 

Australia 

Prefer some text indicating that future DAs may provide this 

type of information [qRA] and would be included in Part III 

 

The general consensus among the 

EG was to remove the reference to 

qRA – however this could still be a 

topic for discussion at the 

December meeting. 

76.   Nobheetha 

Jayaskera 

Australia 

Not clear - DAs can be used in the context of an IATA, or if 

it’s saying the DA can stand alone? 

 

Text has been clarified to 

communicate that data from the 

individual assays can be used in 

combination in the context of IATA 

or DAs. 

77.   Nobheetha 

Jayaskera 

Australia 

Prefer to include both (DEREK or OECD Toolbox) 

 

The expert group provided 

conflicting opinions on the 

inclusion of ITSv1, and it was 

decided to wait for the outcome of 

the November QSAR meeting and 

associated feedback on the criteria 

for inclusion/exclusion of 

proprietary software. 

78.   Nobheetha 

Jayaskera 

Australia 

Will there be any guidance on which DA is more suitable for 

specific uses? Australia is assessing cosmetic/fragrance 

chemicals prior to introduction. We have seen two instances 

where sensitisers are not being detected by KE1 & KE2 assays 

An analysis on the impact of the 

sequential order of testing in the 

2of3 DA has been included in the 

supporting document, as well as an 
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alone. Therefore, with our experience 2 out of 3 approach is 

not adequate for cosmetic/fragrance chemical assessment. Our 

experience with this approach indicated it as not being 

adequate for some fragrance chemiclas. If the 2 assays 

conducted are KE1 and KE2, some pro- or pre-haptens have 

shown negative results (compared to very close analogues with 

positive LLNA data). OECD TGs have indicated this as a 

limitation of the assays. We have seen a case (fragrance 

chemical) with two negative KE1 & KE2 assays. KE3 was not 

conducted. A good analogue was positive in LLNA. The 

introducer agreed that the chemical could cause sensitisation 

by auto-oxidation of the chemical (capturing that is important 

for risk management of cosmetics). It was not identified by 

KE1 & KE2. I would prefer to have 2/3 for KE2 and KE3 but 

not for KE1 & KE2. 

analysis of the impact of using 

different combinations of the 3 

assays with respect to the different 

key events, and how that affects the 

predictive performance and the 

uncertainty associated with the DA. 

 

79.   Nobheetha 

Jayaskera 

Australia 

Will the OECD Doc 256 be updated to validate all DAs 

included in there previously? 

 

References to updates to GD 256 

have been replaced by the 

Supporting document for 

evaluation and review of draft 

Guideline (GL) for Defined 

Approaches (DAs) for Skin 

Sensitisation, which includes all of 

the requested information by the 

EG. 
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80.   Nobheetha 

Jayaskera 

Australia 

OECD TG 442E adopted in June 2018 refers to three KE3 

assays: h-CLAT, U-SENS (previously known as mMUSST) 

and IL-8 Luc assay. Prefer to include all 3 assays [in the 2of3 

DA]. 

 

With respect to the question of 

replacing the single test methods by 

other OECD accepted TG “me-too” 

methods (or non-TG methods), as 

discussed in the EG meetings, 

unless already analysed and 

published, equivalent performance 

of the DA would need to be 

demonstrated by the DA/test 

method developers. The extent to 

which DA developers must 

demonstrate this equivalence, and 

whether non-TG methods should be 

included, is a topic for discussion at 

the December meeting. 

81.   Nobheetha 

Jayaskera 

Australia 

Expand [2of3 description of conditions for running third test] 

to include: “or when suspected a pre- or pro-hapten based on 

existing analogue data.” 

Text has been added as suggested. 

82.   Nobheetha 

Jayaskera 

Australia 

TG 442E (June 2018) includes mMUSST. mMUSST is the 

previous name for U937 cell line activation test (U-SENS). 

 

Additional feedback was provided 

by the EG that these are different 

assays. The inclusion of mMUSST 

or U-SENS in the DA is still an 

open topic for discussion. 
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83.   Nobheetha 

Jayaskera 

Australia 

Table 2a: Can these %s be separated for combinations of 2 out 

of 3 please? (e.g. KE1 & 2; KE2 & 3; KE1 & 3). Accuracy 

may vary with the combination, but also subjected to the 

substances included in the reference data set. Out of 8 case 

studies we have seen so far, 2 won’t be captured as a weak 

sensitiser with this approach and both are cosmetic/fragrance 

chemiclas. Same for Table 2b. This [uncertainty analysis] can 

include the variation expected with different combinations of 

the 3 assays. 

 

An analysis on the impact of the 

sequential order of testing in the 

2of3 DA has been included in the 

Supporting document for 

evaluation and review of draft 

Guideline (GL) for Defined 

Approaches (DAs) for Skin 

Sensitisation, as well as an analysis 

of the impact of using different 

combinations of the 3 assays with 

respect to the different key events, 

and how that affects the predictive 

performance and the uncertainty 

associated with the DA. 

84.   Nobheetha 

Jayaskera 

Australia 

May need more details to confirm some of these statements. 

Our limited experience shows that KE1 & KE2 alone is not 

capturing pre- and pro-haptens. 

 

An analysis across the larger 

Cosmetics Europe chemical set 

demonstrated that the DAs all had 

comparable or superior 

performance to the LLNA in 

capturing pre- and pro-haptens. 

85.   Nobheetha 

Jayaskera 

Australia 

Prefer to include [applicability domain assessment] in the GL. 

 

The subgroup on Domain of 

Applicability has evaluated how to 

better characterize AD by using the 

2 out of 3 DA as case study. 

This includes a characterisation 

with respect to mechanistic 
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domains/functional groups, and 

physicochemical properties and is 

included in the Supporting 

document for evaluation and 

review of draft Guideline (GL) for 

Defined Approaches (DAs) for Skin 

Sensitisation. Once the proposed 

approach is agreed this will be 

applied and will be incorporated 

into the text describing each DA in 

the "Applicability Domain and 

Limitations" section of the draft 

GL. 

 

86.   Nobheetha 

Jayaskera 

Australia 

GHS only preferred (as we use it) but can include both. 

 

Based on the general consensus 

from the EG, the GL section on 

potency categorization is now 

entirely focused on GHS; all text on 

the ECETOC subcategories has 

been removed. 

87.   Nobheetha 

Jayaskera 

Australia 

I assume the difference of [ITS] v1 and v2 is the QSAR model 

used. If that is the case, I would prefer both QSAR models be 

included in the GL. 

 

The expert group provided 

conflicting opinions on the 

inclusion of ITSv1, and it was 

decided to wait for the outcome of 

the November QSAR meeting and 

associated feedback on the criteria 
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for inclusion/exclusion of 

proprietary software. 

88.   
UK overall 

view  

MJ, GM, DM  

We very much appreciate the work of the leads to bring the 

project forward, but are concerned at the reduction of scope 

since the Dec 2017 ad-hoc WNT meeting. 

If more time is needed to adequately address the original scope, 

then we really need to take that time. 

A background report describing the discussions and 

evaluations undertaken within the sub-teams is needed to 

support the drafting of this TG, in tandem, if not before.  

 In particular, more specific  information should be given 

about the DAs and their uncertainty/applicability domain 

and whether this is based on (referenced) historical 

information or newer information.Without this there is little 

transparency in demonstrating  how the  recommendations 

have been derived, and how the uncertainties are addressed.  

Our role as an expert group is to fully flesh out the issues of 

concern and identify areas that need further development, to  

inform the WNT accordingly, or ask for guidance from the 

WNT if we are unsure, so that the WNT can judge how to 

proceed.  We do have some WNT members in the group and it 

will be useful to discuss with them further. 

Skin sensitisation is an endpoint for which we have many 

relevant  test  methods,  if this were an endpoint for which we 

The Supporting document for 

evaluation and review of draft 

Guideline (GL) for Defined 

Approaches (DAs) for Skin 

Sensitisation is now available and is 

an extensive background document 

that covers all aspects of the 

original scope of the SPSF and that 

which was agreed upon at the Dec 

2017 special session of the WNT.  
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have limited assays/approaches, expediting the process with a 

simpler , less inclusive DA would be  more understandable. 

But that is not the case here, and it is worth taking the time to  

produce a more scientifically robust and reliable DA TG, 

reducing uncertainties as far as possible (especially for the 

assays with reduced  predictivity such as the hCLAT ) than 

increasing the  uncertainty of the DA predictions. 

This is an exciting project, indeed the evolving  DA  process is 

one that hopefully will eventually  have more applications to 

other tox endpoints as in vitro test methods increasingly 

replace in vivo test methods, and so it will really help to set a 

good/reliable precedent 

89.   DM 
General comments  in relation to Derek 

 Annex I to GD 256 should be updated to make sure 

each information source is described in a consistent 

manner. OECD Toolbox and Derek Nexus should be 

added/updated as appropriate and include a protocol. 

 Derek should be referred to as ‘Derek Nexus 

(Derek)’ in the first instance then referred to as Derek 

afterwards. Derek is no longer capitalised. 

References to Derek’s applicability domain should be removed 

when incorrect (e.g. metals, inorganics). 

NC: Some inconsistencies in 

reporting according to GD 256 are 

becoming apparent.  These 

comments  may also be indicated 

below, apologies for any repetition. 

 

To NC: A supporting document is 

now available and provides the 

consolidated (updated) information 

available in Annex I of GD 256, 

along with significantly updated 

content covering other relevant 

analyses (e.g. uncertainty, 

reproducibility, and applicability 
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domain analyses).  “Derek” has 

been revised according to 

comments and the incorrect 

references to the domain of 

applicability have been removed.  It 

should be noted that often, the AD 

comments referred, in general, to in 

silico tools (e.g. QSARs, etc.) and 

have been revised accordingly to 

remove specific reference to Derek 

and in favour of the more general 

“in silico” or “software” tools. 

90.  3 GM 
Derivation of point of departure information and/or full 

potency characterisation was discussed as useful for some 

application including quantitative risk assessment during the 

ad-hoc WNT discussion in Dec 2017.  It would be useful to 

include this section and capture these points even if the group 

believes it is out-with the scope of the activity to evaluate them 

as without this section it would appear that hazard 

identification and potency classification are the only potential 

intended uses for Skin Sens. DAs 

NC: RE: GMs comment: 

‘Derivation of point of departure 

information and/or full potency 

characterisation was discussed as 

useful for some application 

including quantitative risk 

assessment during the ad-hoc WNT 

discussion in Dec 2017. ‘ I think it 

essential to include this section and 

capture these points even if the 

leads consider that it is outside the 

scope of the activity to evaluate 

them, as without this section it 

would appear that hazard 
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identification and potency 

classification are the only potential 

intended uses for Skin Sens. DAs. 

Normally this would probably be 

better placed in the supporting 

document, but we do not have that 

yet. Please address all points herein 

and below. 

 

To NC: We have compiled 

information available in GD 256 

and on the EG website in a single 

supporting document including 

requested information. 

 

To GM: This was not the overall 

view of the EG comments and 

discussion in the TC.  The section 

on DAs for qRA has been removed 

for the time being. 

 

91.   UK DM 
Keep reference to Part III (quantitative risk assessment) as 

other DA’s in the future may be used in this way.  

 

This was not the overall view of the 

EG comments and discussion in the 

TC.  The section on DAs for qRA 

has been removed for the time 

being. 
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92.   UK MJ 
Whilst many of these TGs were originally developed with 

potency classification directed towards  GHS  C&L purposes,  

the scope is  now broader,  and addressing this was understood 

to be  an outcome  of the Dec 2017 meeting.    

The draft GL is separated into 

clearly delineated sections for DAs 

addressing hazard classification 

and GHS potency categories.  As 

discussed the section on DAs for 

qRA has been removed for now. 

93.  7 UK GM 
If the intention is to publish this guideline ahead of evaluating 

the remaining DA it would be useful to include some 

background on how these DAs were selected for this initial 

phase. 

STS is said to be useful for hazard identification on p12 but not 

here, wording and document formatting needs to be updated 

(i.e. STS should fit in Part I & II). 

It would be useful to include both versions of the ITS (i.e. v1 

& v2) in the test guideline or justify why ITSv1 should be 

excluded.  Does it relate to the lack of chlorobenzene 

prediction for Derek? 

 

The following language has been 

added to Paragraph 7 of the draft 

For initial inclusion in this 

guideline, DAs using validated 

OECD in vitro test methods and 

simple, rule-based data 

interpretation procedures (DIPs) 

were considered.” 

 

Both the ITS and STS can be used 

for hazard identification as well as 

potency classification. There is text 

in the intro to Part II stating as such, 

and language has been added in the 

beginning of the GL, paragraph 3, 

to make that clear. 

 

Both ITS versions are included at 

this time.  The IATA/QSAR expert 

group will be asked to consider the 
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necessary transparency for in silico 

methods that contribute data to be 

covered under MAD and the 

outcome will be discussed at the 

December meeting. 

94.  10 UK GM 
Given the performance of the DAs has been assessed against 

so many different data and information sources it would be 

useful to represent these analyses on one table (i.e. expand 

Table 1) to allow the reader to consider all sources of evidence. 

Given Basketter et al. 2014, Api et al. 2017 are not solely based 

on human data but also include expert judgement it would be 

useful to make this clear to the reader to avoid confusion. 

It would be useful to use this section and Part 1 & 2 ‘Predictive 

Capacity of the DA and Uncertainty’ sections to capture how 

the predictive capacity of the DA compares to the applicability 

domain of the test method, noting if/when predictions are ‘out 

of domain’.   

Table 1.1 covers the LLNA 

recommended performance 

standard reference substances, and 

the expanded comparison against a 

large set of chemicals is included in 

Part I/II of the GL and in the 

supporting document. 

 

The inclusion of expert judgment is 

clarified in Paragraph 9. 

 

 

 

The supporting document now 

contains a detailed analysis of the 

reproducibility of the DAs and the 

impact of uncertainty on the 

predictive performance.  
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95.  9 UL DM 
“Two inorganic chemicals, nickel chloride and cobalt 

chloride, are outside of the applicability domain of the in vitro 

and in silico information sources that the DAs depend upon, 

and are therefore not included in Table 1” – 

- this statement needs to be explained as these chemicals are 

not outside the domain of Derek. Not sure about OECD 

Toolbox or the in vitro assays. 

These substances are outside of the 

domain of the in vitro assays; text 

has been clarified accordingly. 

96.   UK DM 
“Chlorobenzene had sufficient data to be run in every DA 

except the ITSv1, due to the lack of a DEREK in silico 

prediction.” 

- this statement needs to be explained as these chemicals are 

not outside the domain of Derek. Not sure about OECD 

Toolbox or the in vitro assays. 

 

This has been deleted from the GL, 

because Chlorobenzene, salicylic 

acid, and methylmethacrylate were 

excluded from the PS chemicals 

based on feedback from the EG 

(Regul Toxicol Pharmacol. 2013 

Mar;65(2):278-85. doi: 

10.1016/j.yrtph.2012.12.006).  

97.  10 UK DM 
“The original Integrated Testing Strategy DA (“ITSv1”) was 

84% concordant when compared to the LLNA reference data, 

and 95% concordant when compared to the human reference 

data, and the updated Integrated Testing Strategy DA 

(“ITSv2”) was 85% concordant when compared to the LLNA 

reference data, and 95% concordant when compared to the 

human reference data. See Part II: Potency Classification and 

(Takenouchi et al. 2015 and Kleinstreuer et al. 2018) for 

expanded performance characterization.” 

ITSv1 uses an older version of Derek. If Derek is to be 

compared to OECD Toolbox similar versions should be used 

If following the discussion of the 

IATA/QSAR expert groups and the 

WNT, the decision is to keep ITSv1 

in the GL, the DA developers will 

be given an opportunity to re-run 

predictions using the 2018 version 

of Derek. 
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instead of a 2014-2015 version of Derek and 2018 version of 

Toolbox. 

 

98.  13 UK GM 
Was mMUSST data shared with those who reviewed the ‘’2 

out of 3’’ DAs? If not, it is worth re-running this review to 

enable this approach to be included.  Particularly given it’s 

absence from OECD GD 442E. 

 

Figure 1 is corrupted in my printed copy. 

The mMUSST analysis was 

originally published in Urbisch et 

al, which is referenced in the GL 

and the supporting document. 

There was no consensus regarding 

inclusion/exclusion of this method 

in the DA on the EG call, so this 

will be discussed at the December 

meeting. 

 

 

Figure 1 has been replaced. 

99.   UK DM 
References to older, non-validated assays such as MUSST 

should be removed. 

  

Although very similar, as U-SENS have recently changed 

(simplified) their prediction model, which is published in 

442E. The two assays (or results from) should not be 

considered as synonymous as that will add even more 

uncertainty around DA’s if this data is combined. 

The U-SENS is not the same as the 

MUSST, but uses a different cell 

line and prediction model.  There 

was no consensus regarding 

inclusion/exclusion of the methods 

in the DA on the EG call, so this 

will be discussed at the December 

meeting.  
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100.   UK MJ 
The mMUSST is similar to  the U-SENS assay and the U-

SENS is included the new TG 442. 

Only validated test methods should be included, names need 

to be updated and harmonised. Might be worth including U-

SENS/MUSST differences in the glossary to reduce any 

confusion when the reader is accessing older publications. 

Additionally there needs to  be  identification of upcoming 

validated test methods (such as ADRA, which is a me too assay 

for DPRA, but performance may be a bit better (validation 

reports not yet circulated at time of writing, but will be 

reviewed for April 2019 WNT) that address the KE’s in this 

DA. 

See above. 

101.   UK GM 
The sources of uncertainty of the XXX DA have been described 

in GD 256 and are not reproduced here. A formal integration 

of an uncertainty assessment in the XXX DA has been included 

in the updated Annex I to GD 256. 

These uncertainty analyses should be included in the guideline 

and updated in GD 256 as they will be crucial to building 

confidence with end-users and may need to be reviewed.   

The sources of uncertainty for each 

DA have been summarised in the 

GL, and a detailed analysis 

included in the supporting 

document.  In addition, the 

information included in Annex I of 

GD 256 has been reproduced (and 

reorganised according to the 

evaluation framework) in the 

supporting document. 

102.  15 UK DM 
“The DA “AOP 2 out of 3” is primarily qualitative as only 

binary (positive/negative) results from the assays drive the 

final prediction.” 

- remove ‘primarily’ as the DA is only qualitative. 

“primarily” was deleted. 
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# Paragraph # From Expert  Comments 
response 

 

103.   UK GM 
This DA is suitable for XXXX. A formal integration of the 

applicability domain assessment in the XXXX DA has been 

included in the updated Annex I to GD 256. 

 

These analyses are now 

summarised in the draft GL and 

included in the supporting 

document.   

104.   UK GM 
Page 7 

Substance related limitations: Substances with high 

cytotoxicity cannot always be tested to a sufficiently high 

concentration. Prohaptens are identified if simultaneously 

prehaptens but not always reliably predicted if not (e.g. cells 

have a xenobiotic metabolism but these may be limited) 

(Fabian et al., 2013). In the “AOP 2 out of 3” DA pre- and 

prohaptens are identified with an accuracy of 81% (Urbisch et 

al., 2015). An expert group also reported that unless a 

substance is exclusively a prohapten, identification of 

sensitisers is sufficient (Casati et al., 2016). Depending on the 

protein binding mechanisms, the individual assays may have 

varying predictivities (see Urbisch et al., 2015). Substances 

that only react with lysine and not with cysteine can lead to 

false negatives. 

The substance related limitations 

are harmonized to the extent 

possible for the individual 

information sources. Because the 

DAs depend on different 

information sources, these sections 

contain language specific to the 

information sources relevant to 

each respective DA. The analyses 

that have been completed since the 

publication of the respective KE-

TGs are published and cited. A 

systematic evaluation of the 

applicability domain of each DA 

with respect to mechanistic 

domains/functional groups, and 

physicochemical properties, is now 
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Page 13 

Substance related limitations: Substances with high 

cytotoxicity cannot always be tested to a sufficiently high 

concentration. Pre- and pro-haptens might not be reliably 

predicted due to lack of metabolic capacities in both the DPRA 

and h-CLAT. When information from the different individual 

data sources is integrated in the STS, the individual limitations 

can be minimized and the STS can lead to correct classification 

of pre- /pro-haptens and low water soluble chemicals (as 

demonstrated in Kleinstreuer et al. 2018). 

Page 19 

Substance related limitations: Substances with high 

cytotoxicity cannot always be tested to a sufficiently high 

concentration. Chemicals that cannot be processed by in silico 

software (e.g. metals, inorganics, mixtures lacking defined 

structure) are not included in the applicability domain of the 

“KE 3/1 ITS” DA. Pre- and pro-haptens might not be reliably 

predicted due to lack of metabolic capacities in both the DPRA 

and h-CLAT. When information from the different individual 

data sources is integrated in the ITS, the individual limitations 

can be minimized and the ITS can lead to correct classification 

included in the supporting 

document. 
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response 

of pre- /pro-haptens and low water soluble chemicals (as 

demonstrated in Kleinstreuer et al. 2018). 

Substance related limitations need to be harmonised and the 

analyses shared under the ‘’2 out of 3’’ evaluation need to be 

made explicit and if the WG agree translated into the STS and 

ITS sections to avoid inconsistency.  These analyses appear to 

go beyond the existing test method TGs therefore it would also 

be useful to understand the timeline for OECD to update these 

documents to avoid potential end-user confusion. 

105.   UK DM 
“Substances that only react with lysine and not with cysteine 

can lead to false negatives.”  

- this is more commonly associated with ke2 assays. Is this an 

actual limitation of the DPRA? 

 

This was observed and reported in 

Takenouchi et al. 2015 with respect 

to the DPRA, as part of the Kao ITS 

case study submission. 

106.  42 UK DM 
Summary 

“In version 1, Derek Nexus predicts the likelihood that a 

substance will be a Sensitisers / Non-Sensitisers (S/NS) by an 

alert..” - 

Typos were fixed and the name 

“DEREK” was changed to “Derek” 

throughout the draft GL. 

107.  37 UK DM 
“Chemicals that fall outside the applicability domains of the 

DPRA, h-CLAT, and the in silico software tools, are not 

included in the applicability domain of the “KE 3/1 ITS” DA.” 

– 

Derek has no such applicability domain. 

Text has been revised, omitting “in 

silico software tools…” 
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108.   UK DM 
“Substance related limitations: Substances with high 

cytotoxicity cannot always be tested to a sufficiently high 

concentration. Chemicals that cannot be processed by in silico 

software (e.g. metals, inorganics, mixtures lacking defined 

structure) are not included in the applicability domain of the 

“KE 3/1 ITS” DA.” – 

 

As above, Derek has no applicability domain for chemicals 

unless the structure is unknown. 

Noted, however, this comment 

addresses the AD of the DA, not the 

specific tools.  The comment 

further notes that chemicals without 

defined structures cannot be 

processed by in silico software.  

The text was unchanged.   

109.  Annex I UK DM 
Transparency: Availability of Elements for Review 

Independent evaluation and implementation by third parties 

must be possible (i.e., all of the DA elements must be readily 

accessible and all the relevant protocols must be available). 

The DA should include one or more OECD TG methods to 

facilitate acceptance. The DA can include non-guideline test 

methods as long as sufficient information exists to allow their 

assessment (i.e. allow evaluation of their reliability and 

relevance). Careful consideration will be given to proprietary 

elements. Quantitative structure activity relationship (QSAR) 

models can be part of the DA if they are characterised 

according to the five OECD principles for QSAR model 

validation (OECD 2014) and reported using the QSAR Model 

Reporting Format or Annex II to GD 256; information on the 

training set should be available. When incorporating in silico 

elements (e.g. OECD Toolbox, QSARs), careful documentation 

should be provided to record all choices made (e.g. software 

The “consideration” given to 

propriety elements is under review 

by both the WNT (a best-practices 

document for IP elements is under 

development) and by the EG 

evaluating DA (e.g. the 

IATA/QSAR expert groups will 

provide input on the level of 

transparency necessary for QSAR 

predictions included in DAs 

covered under MAD).  As these 

issues are resolved, the evaluation 

framework will be expanded to 

provide more explicit details on 

criteria that must be met). 
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version, protocol used) such that the predictions can be 

replicated. 

 

Careful consideration will be given to proprietary elements. 

Needs to be expanded upon as it is not clear what this actually 

means. 

 

Quantitative structure activity relationship (QSAR) models 

can be part of the DA if they are characterised according to 

the five OECD principles for QSAR model validation (OECD 

2014) 

 

Expert models and read-across models should be referred to as 

well as QSAR. 

 

e.g. OECD Toolbox, QSARs), 

please include Derek here. 

 

 

 

 

 

 

 

 

 

 

 

The text was revised to 

“Quantitative structure activity 

relationship (QSAR) and in silico 

models….” 

 

The term “software predictions…” 

was added to this. 
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 Evaluation Framework 

Structure: Information Provided, DA Elements 

178. The DA should be described using the template provided in GD 255. The 

DA should allow an equivalent regulatory use as the reference animal test. The required 

resolution of the DA output depends on the regulatory application. The DA should at 

minimum provide hazard information (discriminate between sensitisers and non-

sensitisers). For other regulatory applications the DA should provide partial 

classification (e.g. able to discriminate GHS Cat 1A) and/or sufficient information for 

classification and labelling (e.g. discriminate GHS Cat 1A and Cat 1B). Some DAs may 

also provide a point of departure for quantitative risk assessment. The purpose of the 

DA (e.g. hazard, potency classification, etc.) should be clearly stated, and the DA 

should be evaluated with respect to that purpose. 

Relevance: Mechanistic Coverage  

179. The DA should be mechanistically and biologically relevant with respect to 

the existing skin sensitization AOP framework. The quality of information provided 

with respect to each KE or the overall AOP should be characterised. It is not necessary 

that the DAs cover all the key events within the AOP but at least one key event should 

be covered. 

Predictive Capacity: Performance Compared to Reference Data 

180. The predictive capacity of the DA should be equivalent or better than that 

of the animal tests to predict responses in humans, where human data are available, and 

equivalent to the reproducibility of the animals test where human data are not available. 

Therefore, the predictive capacity of the DA should be compared against reference 

animal data and to the extent possible (where these exist) also against human data. The 

output of the DA (e.g. hazard, potency prediction) should be compared to the 

corresponding level of information from the reference data. For the evaluation of the 

predictive capacity of the DA, the variability of the reference data used should be taken 

into account.  

Reliability: Reproducibility 

181. The reproducibility of the DA should provide a level of confidence no less 

than that provided by the reproducibility of the reference animal test (i.e. the LLNA, as 

described above). The reproducibility of the individual information sources used in the 

DA should be characterised (not necessarily through a prospective validation study; 

existing/published data can be used for the characterisation of the reproducibility).  

Applicability: Technical Limitations, Chemical Space Coverage 

182. The applicability domain of the DA should be characterised and described 

to the extent possible, both in terms of technical limitations of the DA elements (e.g. in 
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vitro assays, in chemico assays, in silico models, expert systems) and in terms of the 

coverage of chemical space. 

Complexity: Data Interpretation Procedure 

183. The DA should use a data interpretation procedure that is sufficiently well 

described (using the template from GD 255) that it can be conceptually understood and 

practically applied by end-users (i.e. regulators and regulated industry). 

Transparency: Availability of Elements for Review 

184. Independent evaluation and implementation by third parties must be 

possible (i.e., all of the DA elements must be readily accessible and all the relevant 

protocols must be available). The DA should include one or more OECD TG methods 

to facilitate acceptance. The DA can include non-guideline test methods as long as 

sufficient information exists to allow their assessment (i.e. allow evaluation of their 

reliability and relevance). Careful consideration will be given to proprietary elements. 

Quantitative structure activity relationship (QSAR) models can be part of the DA if they 

are characterised according to the five OECD principles for QSAR model validation 

(OECD 2014) and reported using the QSAR Model Reporting Format or Annex II to 

GD 256; information on the training set should be available. When incorporating in 

silico elements (e.g. OECD Toolbox, QSARs), careful documentation should be 

provided to record all choices made (e.g. software version, protocol used) such that the 

predictions can be replicated. 
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 Detailed data analyses for each DA. 

185. Annex D includes detailed analyses of the predictive performance of each 

of the DAs for the 128 chemicals included in the Cosmetics Europe analyses for which 

high quality LLNA data and human sensitisation data are available.  The data matrix 

supporting the analyses is included in the accompanying Excel file “Detailed data 

analyses.xlsx”.   

186. In addition, the analysis is extended to include the Kao ITS v2, substituting 

OECD QSAR Toolbox predictions for the Derek Nexus structural alerts (shown in the 

spreadsheet as “ITSv2”).   

187. At the request of the Expert Group for DASS, the results of the BASF 2 out 

of 3 hazard predictions are shown for chemicals for which results of all three in vitro 

assays were available and could be compared with results of the LLNA and human 

sensitisation (shown in the “2of3 comparison by assay” spreadsheet).  In this case “true” 

and “false” positive/negative calls are determined by the overall 2of3 call against the 

human data. 

188. Lastly, reanalyses of the predictive performance of DAs for hazard (all 

three DAs, including Kao ITS v1 and v2) and for GHS potency categories (Kao STS, 

Kao ITS v1, and Kao ITS v2) are indicated in the spreadsheet “GL_DA_Haz_GHS”. 

189. Also indicated below are heatmaps for DA predictions of hazard (Figure A 

B.1) and potency (Figure A B.2).  In each figure, a “true” sensitizer is based on the 

reference data criteria, i.e. LLNA or human respectively.  
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Figure A D.1. A heatmap of hazard predictions (i.e. sensitiser/non-sensitisers)) for each for 

each of the DAs against the LLNA and human data for 128 chemicals included in the 

Cosmetics Europe analysis. 

“True” sensitisers are indicated for each chemical in dark red for the LLNA and human rows.  Predicted 

sensitisers are indicated in light red for each of the DAs (included the Kao ITS v1 and v2).   
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Figure A D.2. A heatmap of potency predictions for GHS categories (i.e. strong 

sensitiser/weak sensitiser/non-sensitisers) for the Kao STS and the Kao ITS (v1 and V2) DAs 

against the LLNA and human data for 128 chemicals included in the Cosmetics Europe 

analysis. 

Strong sensitisers are indicated in dark red, weak sensitiser are light red, and non-sensitisers are beige for 

each chemical.   
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 Detailed protocol for OECD Toolbox Predictions. 

190. The following protocol was used to generate read-across predictions for 

skin sensitisation hazard using QSAR Toolboxv3.2, and used as the in silico 

information source for the ITSv2 DA. 

 

Protocol for Generating Read-across Prediction for Skin Sensitization Hazard 

Using QSAR Toolboxv3.2  

1. Input the target compound into QSAR Toolboxv3.2 by CASRN.  

2. Profile the target compound for protein binding by OASISv1.2, protein binding by OECD, 

protein binding potency, and protein binding alerts for skin sensitization by OASIS v1.2. 

3. If there are no protein binding alerts go back to input and generate auto-oxidation products and 

skin metabolites and then profile the products/metabolites for protein binding alerts. To generate 

auto-oxidation products and metabolites (which cannot be done simultaneously): 

a. Right click on SMILES structure and then right click to select “Multiplication,” then 

“Metabolism/Transformation,” and then “Auto-oxidation Products.” Generating auto-

oxidation products may take a little while, but afterwards, they appear in a tree form 

after clicking “[set]Auto-oxidation simulator.”  

b. Select single component mode on the right of top banner for profiling the products 

(repeat #2).  

c. Generate skin metabolites by repeating #3a and #3b for metabolites: right click on 

SMILES structure and then right click to select “Multiplication,” then 

“Metabolism/Transformation,” and then “Skin metabolism simulator”. The metabolites 

appear in a tree form after clicking “[set]Skin Metabolism simulator.”  

d. If any auto-oxidation products or metabolites have protein binding alerts, select the one 

with more alerts for the skin sensitization hazard analysis. If an auto-oxidation product 
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and a metabolite have an equal number of protein binding alerts, select the auto-

oxidation product by right clicking on it in the data matrix and then select “Focus,” 

which allows the product/metabolite to represent the target chemical. The selected 

product/metabolite appears in a new data matrix. Go to #4. 

e. If neither the parent nor the auto-oxidation products nor the metabolites have 

protein binding alerts, the substance is negative. No report can be generated for these. 

4. For substances with protein binding alerts, retrieve data on in vivo skin sensitization endpoints 

for the target compound in the endpoint module. Use “Skin sensitization” and “Skin sensitization 

ECETOC” databases.  

5. Go to the category definition module and use a structural profiler in this order of preference: US 

EPA new chemicals categories, OECD categories, organic functional groups, or structural 

similarity (use the default option, which is the Dice method) to look for analogs. If the substance 

is not classified by the first preference, go to the next. If the chemical is categorized in multiple 

categories, click “OR” at “combine profiles logically” in the dialog box to provide the largest 

possible group of analogs. Make sure “Skin sensitization ECETOC” and “Skin sensitization” are 

selected so that analogs are sought among substances with skin sensitization data. If there are 

multiple outcomes for a chemical, choose select one at the dialog box. It will use 1 representative 

of each different outcome (if there are 3 positives and 4 negatives for a substance it will use only 

1 positive and one negative). 

6. Fill data gap by read across. Select the in vivo skin sensitization cell under toxicity for the target 

substance. Select apply. Select the scale option for Skin sensitization II ECETOC (the lowest 

common denominator – positive and negative categories). 

7. Use the default descriptor option of log Kow, which identifies the analogs closest to the target 

chemical. 
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8. Subcategorize: if all analogs are sensitizers or if all are nonsensitizers, there is no need to 

continue with subcategories. Go to #9. Otherwise, verify that analogs have the same 

mechanism/mode of action by opening the Select/Filter data menu on the right of the graph and 

re-profiling the identified analogs. Click on subcategorize and choose “Protein binding alerts for 

skin sensitization by OASISv1.2”. [Note: This profiler is in the endpoint-specific section of 

profilers and is different from the general mechanistic profiler called “Protein binding by 

OASISv1.2.”] This compares the mechanistic properties of the analogs with the target chemical. 

Eliminate the dissimilar chemicals by clicking on the “Remove” button. Those will be 

highlighted in green on the graph and in blue on the right of the subcategorization menu.  

9. Accept the read across prediction. 

a. If an “unreliable” message is received (usually because the log Kow for the target 

chemical is outside the range for the analogs) or if a message indicates that there are too 

few data points to make a prediction, go back to #4 to add the ECHA CHEM database 

and then repeat the subsequent steps. If adding the ECHA CHEM database fails to 

achieve a reliable prediction, make a “qualified” prediction based only on the 

structural category (i.e., without using the subcategorization step). If a qualified 

prediction cannot be made, a prediction cannot be made with this protocol. (NOTE: 

Some, but not all, predictions made with the ECHA CHEM database yield a message 

that so much proprietary data was used for the prediction that a report cannot be made. 

Thus, if subcategorization yields an unreliable prediction with or without the ECHA 

CHEM database, the prediction should be made without the ECHA CHEM database 

(and without subcategorization) so as to get a report. 

b.  If the prediction was made for a product/metabolite of the parent chemical of interest, 

assign prediction to parent by going back to data matrix of the target chemical (go to the 

input module). Click on “[set]Skin Metabolism simulator” or “[set]Auto-oxidation 
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simulator,” as appropriate. Then select the in vivo skin sensitization cell of the target 

chemical and then “Data Gap Filling.” Click “Independent MOA” and then “Apply.” 

Accept prediction and return to matrix. Final prediction for the parent is CI for 

component based independent mode. Select prediction in data matrix; right click on the 

prediction and then select report to generate a report. 

c. If the prediction was not made for a product/metabolite, accept the prediction, return to 

matrix, and go to the report module. Double click the prediction of interest on the left 

panel and then click the create button to generate a report. 

  

 


