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1. Introduction 69 

1.1. General Introduction 70 

1. A skin sensitiser refers to a substance that will lead to an allergic response following 71 

repeated skin contact as defined by the United Nations Globally Harmonized System of 72 

Classification and Labelling of Chemicals (UN GHS) (1). There is general agreement on 73 

the key biological events underlying skin sensitisation. The current knowledge of the 74 

chemical and biological mechanisms associated with skin sensitisation has been 75 

summarised as an Adverse Outcome Pathway (AOP) (2) that begins with a molecular 76 

initiating event, leading to intermediate events, and terminating with the adverse effect, 77 

allergic contact dermatitis.   78 

2. The skin sensitisation AOP focuses on chemicals that react with amino-acid 79 

residues (i.e. cysteine or lysine) such as organic chemicals. In this instance, the molecular 80 

initiating event (i.e. the first key event), is the covalent binding of electrophilic substances 81 

to nucleophilic centres in skin proteins. The second key event in this AOP takes place in 82 

the keratinocytes and includes inflammatory responses as well as changes in gene 83 

expression associated with specific cell signaling pathways such as the 84 

antioxidant/electrophile response element (ARE)-dependent pathways. The third key event 85 

is the activation of dendritic cells, typically assessed by expression of specific cell surface 86 

markers, chemokines and cytokines. The fourth key event is T-cell proliferation.  87 

3. The assessment of skin sensitisation has typically involved the use of laboratory 88 

animals. The classical methods that use guinea-pigs, the Guinea Pig Maximisation Test 89 

(GPMT) of Magnusson and Kligman and the Buehler Test (OECD TG 406) (3) assess both 90 

the induction and elicitation phases of skin sensitisation. The murine tests, such as the 91 

LLNA (OECD TG 429) (4) and its three non-radioactive modifications — LLNA:DA 92 

(OECD TG 442A) (5), LLNA:BrdU-ELISA, and BrdU-FCM (OECD TG 442B) (6) — all 93 

assess the induction response exclusively and have gained acceptance, since they provide 94 

an advantage over the guinea pig tests in terms of animal welfare together with an objective 95 

measurement of the induction phase of skin sensitisation. 96 

4. Mechanistically-based in chemico and in vitro test methods (OECD TG 442C, 97 

442D, 442E) (7, 8, 9) addressing the first three key events (KE) of the skin sensitisation 98 

AOP can be used to evaluate the skin sensitisation hazard potential of chemicals. None of 99 

these test methods are considered sufficient stand-alone replacements of animal data to 100 

conclude on skin sensitisation potential of chemicals or to provide information for potency 101 

subcategorization according to the UN GHS (subcategories 1A and 1B). However, data 102 

generated with these in chemico and in vitro methods addressing multiple KEs of the skin 103 

sensitisation AOP are proposed to be used together, as well as with other information 104 

sources including in silico and read-across predictions from chemical analogues.  105 

5. Results from multiple information sources can be used together in Defined 106 

Approaches (DAs) to achieve a level of protection comparable to that provided by animal 107 

studies. A DA consists of a fixed data interpretation procedure (DIP) (e.g. a mathematical 108 

model) applied to data (e.g in silico predictions, in chemico, in vitro data) generated with a 109 

defined set of information sources to derive a prediction. Individual DAs for skin 110 

sensitisation and their respective information sources were originally described in 111 
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Guidance Document 256, Annex I/II (10) and a preliminary assessment was published in 112 

Kleinstreuer et al (11).  113 

6. Three DAs are included in this Guideline, and are described with respect to their 114 

intended regulatory purpose: hazard identification, i.e. discrimination between skin 115 

sensitisers and non-sensiters (Part I) or potency subcategorization (Part II). The DAs 116 

included in Part II are also suitable for hazard identification. The evaluation and review of 117 

the DAs are described in detail in the Supporting Document for Evaluation and Review of 118 

Draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 119 

7. Other DAs may be included in this Guideline following future review and approval. 120 

DAs able to provide continuous quantitative measure of sensitisation potency, which can 121 

be used for risk assessment, may be included in a new Part III to this Guideline in the future.   122 

Mutual Acceptance of Data (MAD) will only be guaranteed for approved DAs included in 123 

this OECD Guideline.  124 

1.2. DAs and Use Scenarios included in the Guideline  125 

8. The DAs currently described in this guideline are: 126 

 The "2 out of 3" defined approach to skin sensitization hazard identification based 127 

on in chemico (KE 1) and in vitro (KE 2/3) data (12, 13). See Part I: Hazard 128 

Identification. 129 

 The integrated testing strategy (ITS) for sensitising potency classification based on 130 

in chemico (KE 1), in vitro (KE 3), and in silico (Derek Nexus (ITSv1), OECD 131 

Toolbox (ITSv2)) data (14, 15), with an updated DIP based on expert group 132 

recommendation). See Part II: Potency Classification. 133 

9. The DAs considered in this guideline can each be used to address countries' 134 

requirements for discriminating between sensitisers (i.e. UN GHS Category 1) from non-135 

sensitisers, though they do so with different sensitivities and specificities (detailed in the 136 

respective descriptions of each DA). 137 

10. The ITS can also be used to discriminate chemicals in to three UN GHS potency 138 

categories (Category 1A = strong/moderate sensitisers; Category 1B = weak sensitisers, 139 

and No Categorization (NC = non-sensitiser). 140 

11. The DAs described in this guideline are based on the use of validated OECD 141 

methods (DPRA, h-CLAT, KeratinoSens™) for which transferability, within- and between 142 

laboratory reproducibility have been characterised in the validation phase.  143 

12. The ITS also makes use of an in silico information source; Derek Nexus (ITSv1), 144 

or OECD Toolbox (ITSv2). Derek Nexus is a commercial software that provides an 145 

structure based prediction of sensitisation hazard potential, and OECD Toolbox uses an 146 

analogue based read-across approach to predict whether a chemical will be a sensitiser; in 147 

the ITSv2 included in this guideline OECD Toolbox v4.3 was used and the protocol 148 

followed is included in Annex C of the Supporting Document for Evaluation and Review 149 

of Draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 150 

1.2.1. Performance, Applicability and Limitations 151 

13. The performance of the DAs described in this guideline for discriminating between 152 

sensitisers and non-sensitisers has been evaluated using a set of 105 test substances for 153 

which DPRA, KeratinoSens™, h-CLAT, Derek Nexus, OECD Toolbox predictions and 154 
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reliable LLNA positive/negative classifications are available (for additional details see 155 

Sections 1.3, 2.3, and 5 of the Supporting document for evaluation and review of draft 156 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation). For the purpose of 157 

evaluating the performance of the ITS for predicting three UN GHS potency classes 158 

(subcategory 1A, 1B, NC), 100 test substances were used because for 5 test substances it 159 

was not possible to assign with sufficient confidence the potency subcategory 1A or 1B on 160 

the basis of LLNA data.  161 

14. When evaluating the performance of the DAs against the LLNA reference data, the 162 

reproducibility of the animal test was used as the basis for comparison. The inherent 163 

reproducibility of the LLNA has been shown by multiple analyses to be in the range of 70-164 

80% for hazard prediction and 60-70% for (3-class) potency prediction, depending on the 165 

summary statistic used for comparison (e.g., median, mean, etc) (16, 17, 18, 19, 20, Section 166 

3 of the Supporting document for evaluation and review of draft Guideline (GL) for Defined 167 

Approaches (DAs) for Skin Sensitisation). 168 

15. The performance of the DAs against the LLNA for predicting skin sensitization 169 

hazard showed balanced accuracies (average of sensitivity and specificity; BA) ranging 170 

from 76-81%, with overall correct classification rates (i.e. accuracy values) of 77-85%. 171 

Detailed performance statistics are reported in Part I: Hazard Identification. The 172 

performance of the ITSv1 and ITSv2 DAs for GHS potency categorization (subcategory 173 

1A, 1B and NC) when compared to the LLNA yielded correct classification rates (i.e. 174 

accuracy values) of 74% (ITSv1) or 71% (ITSv2) overall, and within-class balanced 175 

accuracies ranging from 74-85% (ITSv1) or 71-83% (ITSv2). There were no chemicals that 176 

were incorrectly classified by more than one class (i.e. no 1A predicted as NC or vice 177 

versa).  178 

16. A subset of the test chemicals (N= 76) also had Human Predictive Patch Test data 179 

available (see Report of the Human Data Subgroup and Annex B of the Supporting 180 

document for evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) 181 

for Skin Sensitisation) allowing to classify chemicals according to the UN GHS and to 182 

consider associated uncertainty. It is important to note that several of the chemicals that 183 

were considered mispredictions by the DAs when compared to the LLNA appear to be false 184 

positives in the LLNA when compared to the human data, and were therefore correctly 185 

predicted by the DAs with respect to the human sensitisation potential. An analysis of the 186 

DAs' performance against human data, and comparison to the LLNA performance against 187 

human data, is provided in Sections 1.3, 2.3, and 5 of the Supporting document for 188 

evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) for Skin 189 

Sensitisation.  190 

1.3. Recommendations based on reactivity domain analyses 191 

17. Performance analyses based on reaction mechanism domain highlighted 192 

differences in the performance of the DAs and their information sources. On the basis of 193 

this analyses performed with the current dataset, it is recommended to follow Figure 1.1 194 

for generation of new results with the DAs.  195 

18. Use the profiler “Protein binding alerts for skin sensitisation OASIS” v1.7 of the 196 

OECD QSAR Toolbox (v4.3) to categorise the query chemical into the chemical reactivity 197 

domains shown in Figure 1.1.  198 

19. The recommendations in Figure 1.1 were derived from the analyses of the 199 

predictions obtained with data for 105 chemicals which are unevenly distributed across the 200 

https://community.oecd.org/docs/DOC-159425
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reaction mechanism domains. These recommendations are subject to updates with the 201 

acquisition of new knowledge on the DAs performance. Full details of the analyses are 202 

available in Section 5 of the Supporting document for evaluation and review of draft 203 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 204 

Figure 0-1. DA Recommendations Based on Reactivity Domains 205 

 206 

  207 
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2.  PART I - Defined Approach(es) for Hazard Identification 289 

20. Part I of the guideline applies to DAs that are intended solely for hazard 290 

identification, i.e. distinguishing between sensitisers and non-sensitisers. A summary of the 291 

DAs for hazard identification is provided below; additional detailed information can be 292 

found in the Supporting Document for Evaluation and Review of Draft Guideline (GL) for 293 

Defined Approaches (DAs) for Skin Sensitisation.  294 

2.1. Defined Approach “2 out of 3” 295 

2.1.1. Summary 296 

21. The 2 out of 3 DA is intended for the identification of the skin sensitisation hazard 297 

of a substance without the use of animal testing. The data interpretation procedure (DIP) is 298 

currently not designed to provide information on the potency of a sensitiser.  299 

22. The combination of test methods included in the 2 out of 3 DA covers at least two 300 

of the first three KEs of the AOP leading to skin sensitisation as formally described by the 301 

OECD: KE 1: protein binding (e.g. via the direct peptide reactivity assay (DPRA; OECD 302 

TG 442C) (1); KE 2: keratinocyte activation (i.e. via the KeratinoSens™; OECD TG 442D) 303 

(2); and KE 3: dendritic cell activation (i.e. via the human cell line activation test (h-CLAT; 304 

OECD TG 442E) (3).  305 

23. The DIP entails that two concordant results obtained from methods addressing at 306 

least two of the first three KEs of the AOP determine the final classification. The 2 out of 307 

3 DA achieved accuracies equivalent to the LLNA (see Table 2.1) and performance 308 

exceeding that of the murine LLNA when compared to human data (see Section 1.3 of the 309 

Supporting document for evaluation and review of draft Guideline (GL) for Defined 310 

Approaches (DAs) for Skin Sensitisation).  311 

2.1.2. Data interpretation procedure (DIP) 312 

24. The data interpretation procedure in the 2 out of 3 DA is a transparent, rule-based 313 

approach requiring no expert judgment (Figure 2.1) (4, 5, 6). The approach predicts skin 314 

sensitization hazard by sequential testing, in an undefined order, in up to three 315 

internationally accepted non-animal methods (i.e. DPRA, KeratinoSens, h-CLAT). Assays 316 

are run for two KEs, and if these assays provide consistent results, then the chemical is 317 

categorized accordingly as positive or negative. If the first two assays provide discordant 318 

results, an assay for the remaining KE is run. The overall result is based on the two 319 

concordant findings.  320 
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Figure 2-1. Schematic of the “2 out of 3” defined approach. OECD TG methods for Key 321 
Events (KE) 1-3 are run in an undefined order until at least two of the three methods show 322 

consensus. 323 

 324 
 325 

25. The testing order and selection of methods in a 2 out of 3 combination has no impact 326 

on the overall performance measures of the DA (for supporting analyses see Section 4 of 327 

the Supporting document for evaluation and review of draft Guideline (GL) for Defined 328 

Approaches (DAs) for Skin Sensitisation). However, it has been observed that some of the 329 

individual information sources do not provide reliable predictions for specific reaction 330 

mechanisms. For specific recommendations, see Figure 1.1. DA Recommendations Based 331 

on Reactivity Domains and for supporting analyses see Section 5 of the Supporting 332 

document for evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) 333 

for Skin Sensitisation.  334 

2.1.3. Description of the individual information sources 335 

26. The individual information sources in the DA are assays included in OECD KE-336 

based test guidelines for skin sensitisation (OECD TG 442C, 442D, 442E) (1, 2, 3), and 337 

the protocols are detailed therein. The following assays from those TGs have been 338 

characterized and included in the 2 out of 3 DA. 339 

27. KE a,b,c=  340 

 Direct Peptide Reactivity Assay (DPRA; OECD TG 442C; KE1) (1): Skin 341 

sensitisers are generally electrophilic and react with the nucleophilic moieties of 342 

proteins. The DPRA measures depletion of two peptides containing either cysteine 343 

or lysine residues due to covalent binding. The prediction model described in 344 

OECD TG 442C is used to identify positive and negative results.  345 

 KeratinoSens™ assay (In Vitro Skin Sensitisation: ARE-Nrf2 Luciferase Test 346 

Method; OECD TG 442D; KE2) (2); Keratinocytes harbouring a reporter gene 347 

construct react to possible sensitisers via the Nrf2-Keap1 pathway. The prediction 348 

model described in OECD TG 442D is used to identify positive and negative 349 

results.  350 

 Human cell-line activation test (h-CLAT; OECD TG 442E; KE 3) (3): Activation 351 

of antigen presenting cells (APCs) is characterized by the up-regulation of CD86 352 

and/or CD54. The prediction model described in OECD TG 442E is used to identify 353 

positive and negative results.  354 

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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2.1.4. Predictive capacity of the DA  355 

28. The predictive capacity of the “2 out of 3” DA is reported based on curated data 356 

from the LLNA (see Table 2.1) as agreed upon by the expert group. Specific values, 357 

comparison to curated human data, and further details are available in Section 1.3, Section 358 

5, and Annex B of the Supporting document for evaluation and review of draft Guideline 359 

(GL) for Defined Approaches (DAs) for Skin Sensitisation . The performance reported here 360 

is for the 2 out of 3 DA using the DPRA for KE1, the KeratinoSens™ for KE2 and the h-361 

CLAT for KE3.  362 

Table 2.1. Hazard identification performance of the “2 out of 3” DA in comparison to LLNA 363 
reference data (N = 105 substances).  364 

Additional performance characterization is available in the Supporting document for evaluation and review of 365 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 366 

 LLNA 

2 of 3 

DA 

Non Sens 

Non 17 21 

Sens 3 64 

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

Accuracy (%) 77.1 

Sensitivity (%) 75.3 

Specificity (%) 85.0 

Balanced Accuracy (%) 80.2 

Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and 367 
balanced accuracy is average of sensitivity and specificity. Performance is reported based on DPRA, 368 
KeratinoSens, and h-CLAT. 369 

2.1.5. Reproducibility of the DA 370 

29. A formal assessment of the 2 out of 3 DA reproducibility has been included in 371 

Section 4 of the Supporting Document for evaluation and review of draft Guideline (GL) 372 

for Defined Approaches (DAs) for Skin Sensitisation, and is summarized here. The 373 

probabilistic analysis was performed on 24 chemicals with sufficient numbers of 374 

independent experiments from the individual test method validation studies. The average 375 

reproducibility of the 2 out of 3 DA was 85.6%, regardless of the sequential order of test 376 

methods chosen. A bootstrap approach was used to generate 100,000 replicates of the DA 377 

and the performance against LLNA data was averaged across the replicates, and found to 378 

be 72.9% accurate against the LLNA. The similarity of these numbers to the classical 379 

approach to performance evaluation shown in Tables 2.1-2.2 demonstrates the stability and 380 

reliability of the 2 out of 3 DA. 381 

2.1.6. Applicability Domain and Limitations 382 

30. The limitations of individual in chemico and in vitro test methods are described in 383 

the respective guidelines (1, 2, 3), and are summarised in Table 2.2. 384 

 385 
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Table 2.2. Summary of the limitations of the individual test methods used in the 2 out of 3 386 
DA as reported in the respective OECD TGs. 387 

TG 442C DPRA TG 442 D KeratinoSens™  TG 442E h-CLAT  

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 

defined molar ratios of test 

chemicals and peptides. 

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. 

 

 

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. 

 

Note: This table will continue to be updated on the basis of the deliberations of the OECD Skin Sensitisation expert 388 
group on specific aspects of the applicability of the individual test methods. 389 
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31. The range of physicochemical properties that describe the space of the chemicals 390 

tested using the 2 out of 3 DA is reported in table 2.3. On the basis of the 105 test chemicals 391 

evaluated there is indication that chemicals with logP > 5.0 and chemicals with 392 

logWS(mol/L) < -3.0 may lead to false negative predictions. Therefore negative predictions 393 

obtained with chemicals that fall outside these ranges have lower confidence, taking into 394 

due consideration the indications above. It has to be noted that these ranges may be updated 395 

with the acquisition of additional data and new knowledge on the performance of the 2 out 396 

of 3 DA. The analyses of the applicability domain is detailed in full in Sections 1.5 and 5 397 

of the Supporting Document for evaluation and review of draft Guideline (GL) for Defined 398 

Approaches (DAs) for Skin Sensitisation.   399 

Table 2.3. Summary of the physicochemical property ranges that describe the chemical space 400 
of the 2 out of 3 DA. Properties which were found to be related to misclassifications are 401 

indicated with an asterisk (*). 402 

Property Min-Max 

MW(g/mol) 30 - 582 

logP  -1.9 - 6.9* 

logWS(mol/L) -5.7* - 1.19 

MP(ºC) -114 - 175 

BP(ºC) -19 - 325 

logVP(Pa) -17.1 - 11.6 

pKa 3.5 – 12.9 

 403 

32. On the basis of published information (6, 7, 8, 9) and the analyses reported in 404 

Section 5 of the  Supporting document for evaluation and review of draft Guideline (GL) 405 

for Defined Approaches (DAs), pre- and prohaptens are correctly predicted by the 2 out 3 406 

DA with an accuracy of about 80%, which is comparable to the performance for the rest of 407 

chemicals.  408 

2.1.7. Proficiency chemicals  409 

33. The 2 out of 3 DA relies on a simple, rule-based data interpretation procedure and 410 

no expert judgment is incorporated.  Proficiency chemicals for the individual information 411 

sources (KE1-3) are defined in the respective guidelines (1, 2, 3), and demonstration of 412 

proficiency for the individual information sources fulfils the requirement for the 413 

demonstration of proficiency for the DA.  414 

2.1.8. Reporting of the DA  415 

34. The reporting of the DA application should follow the template described in GD 416 

255, and should include at a minimum the following elements: 417 

  Test chemical identification  418 

  Individual test reports performed per corresponding guideline (OECD TG 442C, 419 

442D, 442E), and the order in which they were applied 420 

  Outcome of the DA application (hazard identification, i.e. skin sensitiser or not 421 

skin sensitiser) 422 

  Any deviation from or adaptation of the 2 out of 3 DA 423 
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  Conclusion 424 
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3.  PART 2 – Defined Approaches for Skin Sensitisation Potency following  468 

the Globally Harmonised System 469 

35. Part II of the Guideline includes Defined Approaches that provide potency 470 

subcategorisation following the Globally Harmonised System for Classification and 471 

Labeling (GHS) (Category 1A = strong/moderate sensitisers; Category 1B = weak 472 

sensitisers, and No Classification (NC = non-sensitiser)). These DAs may also be used for 473 

hazard identification, i.e. distinguishing between sensitisers and non-sensitisers. Currently 474 

the ITSv1 DA and ITSv2 DA fall under this section of the Guideline. Additional detailed 475 

information can be found in the Supporting document for evaluation and review of draft 476 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation.  477 

3.1. Defined Approach: “Integrated Testing Strategy (ITS)” 478 

3.1.1. Summary 479 

36. This defined approach was constructed as an integrated testing strategy (ITS) for 480 

prediction of the skin sensitisation potential and potency of a substance. The “ITS” DA 481 

uses test methods that address key events (KEs) 1 and 3 in the Adverse Outcome Pathway 482 

(AOP) and includes an in in silico prediction of skin sensitisation.  Protein binding (KE 1) 483 

is evaluated using the Direct Peptide Reactivity Assay (DPRA; OECD TG 442c) (1). 484 

Dendritic cell activation (KE 3) is evaluated using the human cell line activation test (h-485 

CLAT) (2).  The ITSv1 (Figure 3.1) depends on the quantitative results from OECD TG 486 

442E (KE 3) and TG 442C (KE 1), and commercial software (Derek) that provides 487 

structural alerts for sensitization. The ITSv2 (Figure 3.2) substitutes the open-source OECD 488 

Toolbox sensitization predictions, based on identification of structural analogues, for the 489 

in silico portion of the ITS.  490 

37. The ITSv1 and ITSv2 DAs were evaluated for GHS sub-classification based on 491 

curated LLNA reference data for 105 substances as agreed upon by the expert group, and 492 

both ITSv1 and ITSv2 achieved accuracies equivalent to the LLNA (see Table 3.1). The 493 

performance of the DAs exceeded the accuracy of the LLNA when compared to human 494 

reference data as detailed in Section 2.3 of the Supporting document for evaluation and 495 

review of draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation.. 496 

3.1.2. Data Interpretation Procedure 497 

38. The ITS DA provides both hazard and potency classification (i.e., chemical is 498 

categorized for likelihood as a strong (1A) or weak (1B) skin sensitizer, or no category 499 

(NC) (i.e. is not classified as a skin sensitizer).  500 

39. At the suggestion of the expert group the original DA using Derek (ITSv1) (3, 4, 5) 501 

was updated to substitute the OECD Toolbox as the in silico information source (ITSv2). 502 

Further, in both cases the DIP was slightly altered to change the cutoff for 1A sensitizers 503 

to a score of 6, to allow for future prediction of chemicals without structural analogues in 504 

the OECD Toolbox and to optimize the ability of the DA to detect strong sensitizers. 505 

40. The quantitative results of h-CLAT and DPRA are converted into a score from 0 to 506 

3, as shown in Figures 3.2-3.3. For h-CLAT, the minimum induction thresholds (MITs) are 507 

converted to a score from 0 to 3 based on the cutoffs of 10 and 150 μg/ml. For DPRA, the 508 
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mean percent depletion for the cysteine and lysine peptides is converted to a score from 0 509 

to 3, based on OECD TG 442C (1). In cases where co-elution occurs only with the lysine 510 

peptide, the depletion for only cysteine peptides is converted to a score from 0 to 3. For 511 

Derek (v1) or OECD Toolbox (v2), an alert is assigned a score of 1; absence of an alert 512 

was assigned a score of 0. Having only an in silico alert outcome is not sufficient evidence 513 

to predict a test substance as a sensitiser. When the sum of these scores have been assessed, 514 

a total battery score from 0 to 7, calculated by summing the individual scores, is used to 515 

predict the sensitising potential (hazard identification; sensitisers vs non-sensitisers) and 516 

potency. The positive criteria are set as a total battery score of 2 or greater. Based on the 517 

updated DIP, a total battery score is classified into three ranks: score of 6-7 is defined as a 518 

strong (1A) sensitiser; score of 5, 4, 3, or 2, weak (1B) sensitiser; score of 1 or 0, not-519 

classified.  520 

Figure 3-1. Schematic of the “ITSv1” defined approach. The DA is a simple score-based 521 
system depending on assays from OECD TG 442E and 442C, and the Derek in silico 522 

structural alert-based prediction, as shown. 523 

 524 
Potency:  Total Battery Score 525 

Strong (1A):  6-7 526 

Weak (1B):   2-5 527 

Not classified: 0-1 528 

Source: Adapted from Takenouchi et al. 2015A 529 

 530 

Figure 3-2. Schematic of the updated “KE 3/1 ITSv2” defined approach. The DA is a simple 531 
score-based system depending on assays from OECD TG 442E and 442C, and the open-532 

source OECD Toolbox in silico structural analogue-based prediction, as shown. 533 

 534 
Potency:  Total Battery Score 535 

Strong (1A):  6-7 536 

Weak (1B):   2-5 537 

Not classified: 0-1 538 

 539 

 540 

OECD	TB
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Non
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3.1.3. Description of the individual information sources 541 

41. The individual in vitro information sources are existing KE-based OECD test 542 

guidelines (OECD TG 442C, 442E) (1, 2), and the protocols are detailed therein. The 543 

following assays from those TGs have been characterized and included in the “ITS” DAs. 544 

42. KE 3,1=  545 

 Human cell-line activation test (h-CLAT; OECD TG 442E; KE 3) (2): Activation 546 

of antigen presenting cells (APCs) is characterized by the up-regulation of CD86 547 

and/or CD54. The h-CLAT is considered to be positive if CD86 induction exceeds 548 

1.5-fold and CD54 exceeds 2-fold at viabilities > 50% when compared to the 549 

vehicle control. From the experimental dose-response curves, the median 550 

concentration(s) inducing 1.5- and/or 2-fold induction of CD86 and/or CD54 are 551 

calculated and the lowest of the two values is defined as minimal induction 552 

threshold, MIT:  553 

MIT = min(EC150 CD86, EC200 CD54) 554 

Substances predicted as positive are assigned potency scores based on the MIT 555 

thresholds shown in Figures 3.2-3.3.  556 

 Direct Peptide Reactivity Assay (DPRA; OECD TG 442C; KE1) (1): Skin 557 

sensitisers are generally electrophilic and react with the nucleophilic moieties of 558 

proteins. The DPRA measures depletion of two peptides containing either cysteine 559 

or lysine residues due to covalent binding. The prediction model describes in 560 

OECD TG 442C is used to identify positive and negative results. A substance that 561 

induces mean peptide depletion of cysteine- and lysine-containing peptide above 562 

6.38% is considered to be a sensitiser. Substances predicted as positive are assigned 563 

potency scores based on the mean peptide depletion thresholds shown in Figures 564 

3.2-3.3. 565 

43. The in silico information sources are derived from commercial (v1) or open source 566 

(v2) software, as follows: 567 

 v1: Derek Nexus: in silico knowledge-based toxicity alerting software comprising 568 

alerts on skin sensitisation (version 2.0 from Lhasa Limited). Derek is mainly 569 

addressing structural features and whether a hapten has a potential for electrophilic 570 

binding to skin proteins either directly or following metabolism (6). To each alert, 571 

a certainty level is associated. Substances with causative structural alert(s) (i.e., 572 

certain, probable, plausible, equivocal, and doubted) are conservatively considered 573 

to be a potential sensitiser. 574 

 v2: OECD Toolbox: in silico read across based software providing skin sensitiser 575 

hazard prediction (QSAR Toolboxv4.3). The target compound is profiled for 576 

protein binding alerts, and auto-oxidation products and skin metabolites are 577 

generated and then profiled for protein binding alerts. Structural profilers are used 578 

to identify analogue chemicals and the data gap is filled using read across. The 579 

detailed protocol used for generating OECD Toolbox predictions used in ITSv2 is 580 

included as Annex C in the Supporting document for evaluation and review of draft 581 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 582 
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3.1.4. Predictive capacity of the DA 583 

44. The predictive capacity of ITSv1, using Derek, and ITSv2, using the OECD 584 

Toolbox, is reported based on curated data from the LLNA (see Tables 3.1-3.4) as agreed 585 

upon by the expert group. Specific values, comparison to curated human data, and further 586 

details are available in Section 2.3, Section 5, and Annex B of the Supporting document 587 

for evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) for Skin 588 

Sensitisation. 589 

Table 3.1. Hazard identification performance of the “ITSv1” DA in comparison to LLNA 590 
reference data (N = 105 substances).  591 

Additional performance characterization is available in the Supporting document for evaluation and review of 592 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 593 

 LLNA 

ITSv1 

DA 

Non Sens 

Non 15 11 

Sens 5 74 

DA Performance vs. LLNA Data “ITSv1” 

Accuracy (%) 84.8 

Sensitivity (%) 87.1 

Specificity (%) 75.0 

Balanced Accuracy (%) 81.0 
Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy 594 
is average of sensitivity and specificity. ITSv1 uses Derek Nexus in silico predictions. 595 
 596 

Table 3.2. Hazard identification performance of the “ITSv2” DA in comparison to LLNA 597 
reference data (N = 105 substances).  598 

Additional performance characterization is available in the Supporting document for evaluation and review of 599 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 600 

 LLNA 

ITSv2 

DA 

Non Sens 

Non 13 11 

Sens 7 74 

DA Performance vs. LLNA Data “ITSv2” 

Accuracy (%) 82.9 

Sensitivity (%) 87.1 

Specificity (%) 65.0 

Balanced Accuracy (%) 76.0 
Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy 601 
is average of sensitivity and specificity. ITSv2 uses OECD Toolbox in silico predictions. 602 
 603 
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Table 3.3. Potency classification performance of the “ITSv1” DA in comparison to LLNA 604 
reference data (N = 100 substances), based on the GHS 1A/1B subclassifications.  605 

Additional performance characterization is available in the Supporting document for evaluation and review of 606 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 607 

 LLNA 

ITSv1 DA NC 1B 1A 

NC 15 11 0 

1B 5 42 5 

1A 0 5 17 

 608 

74% accuracy overall 609 
 610 

ITSv1 Statistics by Class: 611 

 NC 1B 1A 

Sensitivity (%) 75.0 72.4 77.3 
Specificity (%) 86.2 76.2 93.6 
Balanced Accuracy (%) 80.6 74.3 85.4 

Note: Sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is average of sensitivity and 612 
specificity. ITSv1 uses Derek Nexus in silico predictions. 613 
 614 

Table 3.4. Potency classification performance of the “ITSv1” DA in comparison to LLNA 615 
reference data (N = 100 substances), based on the GHS 1A/1B subclassifications.  616 

Additional performance characterization is available in the Supporting document for evaluation and review of 617 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation.  618 

 LLNA 

ITSv2 DA NC 1B 1A 

NC 13 11 0 

1B 7 42 6 

1A 0 5 16 

 619 

71% accuracy overall 620 
 621 

ITSv2 Statistics by Class: 622 

 NC 1B 1A 

Sensitivity (%) 65.0 72.4 72.7 
Specificity (%) 86.3 69.1 93.6 
Balanced Accuracy (%) 75.6 70.7 83.2 

Note: Sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is average of sensitivity and 623 
specificity. ITSv2 uses OECD Toolbox in silico predictions.  624 
 625 
 626 

 627 
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3.1.5. Reproducibility of the DA 628 

45. A formal assessment of the ITSv1 and ITSv2 DA reproducibility has been included 629 

in Section 4 of the Supporting Document for evaluation and review of draft Guideline (GL) 630 

for Defined Approaches (DAs) for Skin Sensitisation, and is summarized here. The 631 

probabilistic analysis was performed on 16 chemicals with sufficient numbers of 632 

independent experiments from the individual test method validation studies and for which 633 

a prediction with the in silico software could be generated. The average reproducibility of 634 

the ITSv1 DA was 73.8% and the average reproducibility of the ITSv2 was 78.6%. A 635 

bootstrap approach was used to generate 100,000 replicates of the DA and the performance 636 

against LLNA data was averaged across the replicates, and the ITSv1 was found to be 637 

71.5% and the ITSv2 was found to be 70.2% accurate against the LLNA. While slightly 638 

lower due to the reliance on quantitative readouts and the small number of chemicals with 639 

available repeat test data, the similarity of these numbers to the classical approach to 640 

performance evaluation shown in Tables 3.1-3.2 against a large reference set demonstrates 641 

the stability and reliability of the ITSv1 DA and ITSv2 DA.  642 

3.1.6. Applicability Domain and Limitations 643 

46. The strengths and limitations of individual test methods are described in the 644 

individual data sources (1, 2, 3). Chemicals that fall outside the applicability domains of 645 

the DPRA and the h-CLAT are not included in the applicability domain of the “ITS” DAs. 646 

47. Summary of the limitations of the individual test methods as reported in the 647 

respective OECD TGs and of the in silico software tools, used in the ITSv1 DA and ITSv2 648 

DA. 649 

Table 3.5. Summary of the limitations of the individual test methods used in the ITSv1 and 650 
ITS v2 DAs. 651 

TG 442C DPRA TG 442E h-CLAT  Derek Nexus, OECD Toolbox 

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 

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. 

 

 

Test chemicals with a logP of 

greater than 3.5 and tend to 

produce false negative results in 

the h-CLAT.  

Test chemicals with undefined 

structure, mixtures and  

substances containing metals 

cannot be processed by the in 

silico softwares 
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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 

defined molar ratios of test 

chemicals and peptides. 

 

Test substances present as 

insoluble (but stably dispersed) 

particles may interfere with the 

cell viability assessment using 

flow cytometry. 

 

Note: This table will be updated on the basis of the deliberations of the OECD Skin Sensitisation expert group 652 
on specific aspects of the applicability of the individual test methods. 653 

48. The range of physicochemical properties that describe the space of the chemicals 654 

tested using ITSv1 and ITSv2 is reported in Table 3.5. On the basis of the 105 test chemicals 655 

evaluated there is indication that chemicals with logP > 5.0 and chemicals with 656 

logWS(mol/L) < -6.0 may lead to false negative predictions. Therefore negative predictions 657 

obtained with chemicals that fall outside these ranges should be considered taking into due 658 

consideration the indications above. It has to be noted that these ranges may be updated 659 

with the acquisition on new knowledge on the performance of the ITSv1 and ITSv2. The 660 

analyses of the applicability domain is detailed in full in Sections 2.5 and 5 of the 661 

Supporting Document for evaluation and review of draft Guideline (GL) for Defined 662 

Approaches (DAs) for Skin Sensitisation.   663 

Table 3.6. Summary of the physicochemical property ranges that describe the chemical space 664 
of the ITSv1 and ITSv2 DA. Properties which were found to be related to misclassifications 665 

are indicated with an asterisk (*). 666 

Property Min-Max 

MW(g/mol) 30 - 582 

logP  -1.9 - 6.9* 

logWS(mol/L) -5.7* - 1.19 

MP(ºC) -114 - 175 

BP(ºC) -19 - 351 

logVP(Pa) -17.1 - 11.6 

pKa 3.5 – 12.9 
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49. On the basis of published information (5, 7, 8) and the analyses on the performance 667 

of pre-prohapten reported in Section 5 of the Supporting document for evaluation and 668 

review of draft Guideline (GL) for Defined Approaches (DAs), putative pre- and prohaptens  669 

are correctly predicted by the ITSv1 with an accuracy of 100% and by the ITSv2 with an 670 

accuracy of about 95% which is higher than the performance for the rest of chemicals.  671 

3.1.7. Proficiency chemicals 672 

50. The ITSv1 and ITSv2 rely on a simple, rule-based data interpretation procedure and 673 

no expert judgment is incorporated. Proficiency chemicals for the individual in vitro 674 

information sources (KE 1 and 3) are defined in the respective guidelines (OECD TG 442C, 675 

442E) (1, 2).  The protocol details for the in silico information sources are included in 676 

Annex C to the Supporting document for evaluation and review of draft Guideline (GL) 677 

for Defined Approaches (DAs) for Skin Sensitisation. Demonstration of proficiency for the 678 

individual information sources fulfils the requirement for the demonstration of proficiency 679 

for the DA. 680 

3.1.8. Reporting of the DA  681 

51. The reporting of the DA should follow the template described in GD 255, and 682 

should include at a minimum the following elements: 683 

  Test chemical identification  684 

  Individual test reports for the individual tests performed per corresponding 685 

guideline (OECD TG 442C, 442E). 686 

  Description of protocol used for in silico prediction and outcome, e.g. reported via 687 

a QPRF. 688 

  Outcome of the DA application (Hazard identification and potency classification 689 

according to GHS categories) 690 

  Any deviation from or adaptation of the “ITSv1” or “ITSv2” DA 691 

  Conclusion 692 
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