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1. Introduction 99 

 General Introduction 100 

1. A skin sensitiser refers to a substance that will lead to an allergic response following 101 

repeated skin contact as defined by the United Nations Globally Harmonized System of 102 

Classification and Labelling of Chemicals (UN GHS) (1). There is general agreement on the 103 

key biological events underlying skin sensitisation. The current knowledge of the chemical 104 

and biological mechanisms associated with skin sensitisation has been summarised as an 105 

Adverse Outcome Pathway (AOP) (2) that begins with a molecular initiating event, leading to 106 

intermediate events, and terminating with the adverse effect, allergic contact dermatitis.   107 

2. The skin sensitisation AOP focuses on chemicals that react with amino acid residues 108 

(i.e. cysteine or lysine) such as organic chemicals. In this instance, the molecular initiating 109 

event (i.e. the first key event), is the covalent binding of electrophilic substances to 110 

nucleophilic centres in skin proteins. The second key event in this AOP takes place in the 111 

keratinocytes and includes inflammatory responses as well as changes in gene expression 112 

associated with specific cell signaling pathways such as the antioxidant/electrophile response 113 

element (ARE)-dependent pathways. The third key event is the activation of dendritic cells, 114 

typically assessed by expression of specific cell surface markers, chemokines and cytokines. 115 

The fourth key event is T-cell proliferation.  116 

3. The assessment of skin sensitisation has typically involved the use of laboratory 117 

animals. The classical methods that use guinea-pigs, the Guinea Pig Maximisation Test 118 

(GPMT) of Magnusson and Kligman and the Buehler Test (OECD TG 406) (3) assess both 119 

the induction and elicitation phases of skin sensitisation. The murine tests, such as the LLNA 120 

(OECD TG 429) (4) and its three non-radioactive modifications — LLNA: DA (OECD TG 121 

442A) (5), LLNA:BrdU-ELISA, and BrdU-FCM (OECD TG 442B) (6) — all assess the 122 

induction response exclusively and have gained acceptance, since they provide an advantage 123 

over the guinea pig tests in terms of animal welfare together with an objective measurement 124 

of the induction phase of skin sensitisation. 125 

4. Mechanistically-based in chemico and in vitro test methods (OECD TG 442C, 442D, 126 

442E) (7, 8, 9) addressing the first three key events (KE) of the skin sensitisation AOP can be 127 

used to evaluate the skin sensitisation hazard potential of chemicals. None of these test 128 

methods are considered sufficient stand-alone replacements of animal data to conclude on skin 129 

sensitisation potential of chemicals or to provide information for potency sub-categorisation 130 

according to the UN GHS (sub-categories 1A and 1B). However, data generated with these in 131 

chemico and in vitro methods addressing multiple KEs of the skin sensitisation AOP are 132 

proposed to be used together, as well as with other information sources including in silico and 133 

read-across predictions from chemical analogues.  134 

5. Results from multiple information sources can be used together in Defined Approaches 135 

(DAs) to achieve a level of protection comparable to that provided by animal studies. A DA 136 

consists of a fixed data interpretation procedure (DIP) (e.g. a mathematical model) applied to 137 

data (e.g in silico predictions, in chemico, in vitro data) generated with a defined set of 138 

information sources to derive a prediction. Individual DAs for skin sensitisation and their 139 

respective information sources were originally described in Guidance Document 256, Annex 140 

I/II (10) and a preliminary assessment was published in Kleinstreuer et al (11). The DAs use 141 

method combinations intended to overcome some of the limitations of the individual, stand-142 

alone methods in order to provide increased confidence in the overall result obtained. The 143 



5 

 

 

ultimate goal of DAs is to provide information that is equivalent to that provided by animal 144 

studies, i.e. information that can be used for hazard and potency classification. 145 

6. Testing laboratories should consider all relevant available information on the test 146 

substance prior to conducting the studies as directed by a DA. Such information could include, 147 

for example, the identity and chemical structure of the test substance and its physico-chemical 148 

properties. Such information should be considered in order to determine whether the individual 149 

OECD test guideline methods under a specific DA are applicable for the test substance. 150 

7. When performing a hazard evaluation and/or potency sub-categorisation based on the 151 

output from an in vivo (LLNA or any other) test, from an in chemico test, from an in vitro test, 152 

from an in silico approach, from a DA, and any combination thereof, the same principles 153 

always apply, i.e. all available information relevant to the substance in question should be 154 

taken into consideration as well as toxicological data on structurally related test substances if 155 

available.  156 

8. Three DAs are included in this Guideline, and are described with respect to their 157 

intended regulatory purpose: hazard identification, i.e. discrimination between skin sensitisers 158 

and non-sensiters (Part I) or potency sub-categorisation (Part II). The DAs included in Part II 159 

are also suitable for hazard identification. The evaluation and review of the DAs are described 160 

in detail in the Supporting Document for Evaluation and Review of Draft Guideline (GL) for 161 

Defined Approaches (DAs) for Skin Sensitisation. 162 

9. Other DAs may be included in this Guideline following future review and approval. 163 

DAs able to provide continuous quantitative measure of sensitisation potency, which can be 164 

used for risk assessment, may be included in a new Part III to this Guideline in the future.   165 

Only predictions from DAs included in this OECD Guideline are covered by the Mutual 166 

Acceptance of Data (MAD).  167 

 DAs and Use Scenarios included in the Guideline  168 

10. The DAs currently described in this guideline are: 169 

 The "2 out of 3" (2o3) defined approach to skin sensitization hazard identification 170 

based on in chemico (KE 1) and in vitro (KE 2/3) data (12, 13). See Part I: Hazard 171 

Identification. 172 

 The integrated testing strategy (ITSv1) for sensitising potency classification based on 173 

in chemico (KE 1), in vitro (KE 3), and in silico (Derek Nexus) data (14, 15), with an 174 

updated DIP based on expert group recommendation. See Part II: Potency 175 

Classification. 176 

 A modification of the integrated testing strategy (ITSv2) for sensitising potency 177 

classification based on in chemico (KE 1), in vitro (KE 3), and in silico (OECD 178 

Toolbox) data, with an updated DIP based on expert group recommendation. See Part 179 

II: Potency Classification 180 

11. The DAs considered in this guideline can each be used to address countries' 181 

requirements for discriminating between sensitisers (i.e. UN GHS Category 1) from non-182 

sensitisers, though they do so with different sensitivities and specificities (detailed in the 183 

respective descriptions of each DA). 184 

12. The ITS DAs can also be used to discriminate chemicals into three UN GHS potency 185 

categories (Category 1A = strong/moderate sensitisers; Category 1B = weak sensitisers, and 186 

No Categorization (NC = non-sensitiser). 187 

https://www.oneauthor.org/#_PART_2_–
https://www.oneauthor.org/#_PART_2_–
https://www.oneauthor.org/#_PART_2_–


 

 

13. The DAs described in this guideline are based on the use of validated OECD methods 188 

(DPRA, h-CLAT, KeratinoSens™) for which transferability, within- and between laboratory 189 

reproducibility have been characterised in the validation phase.  190 

14. The ITS DAs also makes use of an in silico information source; Derek Nexus (ITSv1), 191 

or OECD Toolbox (ITSv2). Derek Nexus (referred to as Derek hereafter) is a commercial 192 

software that provides a structure-based prediction of sensitisation hazard potential, and 193 

OECD Toolbox (referred to as OECD TB hereafter) uses an analogue-based read-across 194 

approach to predict whether a chemical will be a sensitiser.  195 

15. The limitations and applicability domains of the individual information sources were 196 

used to design workflows for assigning confidence to each of the predictions produced by the 197 

DAs described in this guideline. DA predictions with high confidence for hazard identification 198 

and/or potency are considered conclusive. DA predictions with low confidence are considered 199 

inconclusive for hazard identification and/or potency. These ‘inconclusive’ predictions may 200 

nevertheless be considered in a weight-of-evidence approach and/or within the context of an 201 

IATA together with other information sources (e.g. demonstration of exposure to the test 202 

system, existing in vivo data, clinical data, read-across, other in vitro / in chemico / in silico 203 

data, etc.). 204 

16. The performance of the DAs described in this guideline for discriminating between 205 

sensitisers and non-sensitisers was evaluated using 168 (or 167 for ITS) test substances for 206 

which DPRA, KeratinoSens™, h-CLAT, Derek, OECD TB predictions and LLNA 207 

positive/negative classifications agreed upon by the Expert Group are available (for additional 208 

details see Section 1.1 and Annex 3 of the Supporting document for evaluation and review of 209 

draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation). For the purpose 210 

of evaluating the performance of the ITS DAs for predicting three UN GHS potency classes 211 

(sub-category 1A, 1B, or “no category” (NC)), 155 test substances were used because for 12 212 

test substances it was not possible to assign with sufficient confidence the potency sub-213 

category 1A or 1B on the basis of LLNA data.  214 

17. The performance of the DAs (high confidence predictions only) against the LLNA for 215 

predicting skin sensitization hazard showed balanced accuracies (average of sensitivity and 216 

specificity; BA) in the range of 80-84%, with sensitivities of 82-93% and specificities of 67-217 

85%. Detailed performance statistics are reported in Part I: Hazard Identification. The 218 

performance of the ITSv1 and ITSv2 DAs for GHS potency categorization (high confidence 219 

predictions only, sub-category 1A, 1B and NC) when compared to the LLNA yielded overall 220 

balanced accuracies of 78% (ITSv1) or 77% (ITSv2), and within-class balanced accuracies 221 

ranging from 72-81% (ITSv1) or 71-80% (ITSv2). There were no chemicals that were 222 

incorrectly classified by more than one class (i.e. no 1A predicted as NC or vice versa). 223 

Detailed performance statistics are reported in Part II: Potency Classification. 224 

18. The performance of the DAs described in this guideline for discriminating between 225 

sensitisers and non-sensitisers was also evaluated using a set of 65 (or 64 for ITS) test 226 

substances for which Human predictive patch test positive/negative classifications have been 227 

agreed upon by the Expert Group (for additional details see Section 1.2 and Annex 4 of the 228 

Supporting document for evaluation and review of draft Guideline (GL) for Defined 229 

Approaches (DAs) for Skin Sensitisation). For the purpose of evaluating the performance of 230 

the ITS DAs for predicting UN GHS potency classes (high confidence predictions only, sub-231 

category 1A, 1B, and NC), 61 test substances were used because for 3 test substances it was 232 

not possible to assign with sufficient confidence the potency sub-category 1A or 1B on the 233 

basis of Human data. The overlap between the LLNA and Human reference datasets was 56 234 

chemicals for hazard and 47 chemicals for potency classifications, respectively, and the 235 

performance of the LLNA against the Human reference data was evaluated using these 236 

chemicals as a basis for comparison.   237 
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19. The performance of the DAs (high confidence predictions only) against the Human 238 

reference data for predicting skin sensitization hazard showed balanced accuracies in the range 239 

of 69-88%, with sensitivities of 89-94% and specificities of 44-88%. The performance of the 240 

LLNA against the Human for predicting skin sensitization hazard showed a balanced accuracy 241 

of 58%, with sensitivity of 94% and specificity of 22%. Detailed performance statistics are 242 

reported in Part I: Hazard Identification. The performance of the ITSv1 and ITSv2 DAs for 243 

GHS potency categorization (high confidence predictions only, sub-category 1A, 1B and NC) 244 

when compared to the Human yielded overall balanced accuracies of 72% (ITSv1) or 73% 245 

(ITSv2), and within-class balanced accuracies in the range of 68-79% (ITSv1) or 69-79% 246 

(ITSv2). The performance of the LLNA for GHS potency categorization when compared to 247 

the Human reference data yielded an overall balanced accuracy of 64%, and within-class 248 

balanced accuracies in the range of 59-73% There were no Human reference classifications 249 

that were incorrectly classified by the DAs, or by the LLNA, by more than one class (i.e. no 250 

1A predicted as NC or vice versa). 251 

   Limitations  252 

20. The identified limitations of the DAs and their individual components are summarised 253 

below. 254 

1.3.1. Limitations of individual in chemico/in vitro information sources 255 

21. Users may refer to the limitations of the individual in vitro test methods specified in 256 

the Test Guidelines, which are revised as new data become available and should be consulted 257 

regularly. For example, some types of chemicals such as metals, inorganic compounds, 258 

UVCBs, and mixtures, may not be within the applicability domain for certain test methods. 259 

The most up-to-date published version of the respective TGs should always be used. It is noted 260 

in the h-CLAT method test guideline (TG 442E, 2018) that test chemicals with a Log P > 3.5 261 

tend to produce false negative results with respect to LLNA data, based on a study performed 262 

on a relatively small number of chemicals [13/27; see Table 7, Takenouchi et al. 2013]. TG 263 

442 E explains that the test method results may be considered in combination with other 264 

sources of information and that, furthermore, when evaluating non-animal methods for skin 265 

sensitisation, it should be kept in mind that the LLNA test as well as other animal tests may 266 

not fully reflect the situation in humans. 267 

1.3.2. Limitations of in silico information sources  268 

22. Some DAs include in silico tools as an information source. These tools can either 269 

perform automated read-across or (Q)SAR predictions. (Q)SARs include both structure-270 

activity relationship (SAR) models (i.e. structural alerts, expert systems) and quantitative 271 

structure-activity relationship (QSAR) models (i.e. statistical tools). (Q)SAR models should 272 

fulfil the OECD Principles for the Validation, for Regulatory Purposes, of (Q)SAR Models 273 

and be described in a QSAR Model Reporting Format (QMRF) document. One of the OECD 274 

principles refers to a defined domain of applicability. In the context of in silico tool the domain 275 

of applicability describes limitations leading to less reliable predictions (e.g. training set size, 276 

relevance of chosen descriptors, coverage of relevant chemical space). Depending on the role 277 

of the in silico tool in the DIP, chemicals outside the applicability domain may result in DA 278 

predictions of low confidence that are considered inconclusive. Where a DA for skin 279 

sensitisation includes an in silico tool, users should refer to the limitations and applicability 280 

domain of the individual in silico tool. Two of the DAs covered in this Guideline, the ITSv1 281 

and the ITSv2, rely upon the in silico tools Derek and OECD TB, respectively, and their 282 

specified limitations and applicability domains are detailed in Section 2.4 and Annexes 8-9 283 

https://www.oecd-ilibrary.org/docserver/9789264264359-en.pdf?expires=1604420494&id=id&accname=ocid84004878&checksum=8FC2B23E5DE75A66BB1AD823A86F2A06


 

 

of the Supporting document for evaluation and review of draft Guideline (GL) for Defined 284 

Approaches (DAs) for Skin Sensitisation. 285 

1.3.3. Limitations of DAs 286 

23. During the development of the DAs covered in this Guideline it was observed that, 287 

with respect to LLNA data, the in vitro tests DPRA (TG 442C), KeratinoSens™ (TG 442D), 288 

h-CLAT (TG 422E), as well as the proposed DAs, have indications of lower sensitivity for 289 

test substances with log P > 3.5 (Section 2.1 and Annex 5 of the Supporting document for 290 

evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) for Skin 291 

Sensitisation). Bearing in mind the low number of test substances with Log P > 3.5, and also 292 

that the LLNA test produces a higher number of false positive results for these test substances 293 

when compared with human reference data (Section 2.2 and Annex 6 of the Supporting 294 

document for evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) 295 

for Skin Sensitisation), the analyses indicating a potential for low sensitivity are insufficient 296 

to draw firm conclusions. Provisions on how to interpret results for test substances with Log 297 

P>3.5 are detailed in the relevant sections under each DA and summarized below.  298 

24. Previous studies have shown that excluding negative results of test chemicals with a 299 

log P > 3.5 improved the sensitivity and accuracy of the ITS DA when compared to LLNA 300 

data (Takenouchi et al, 2015). Such observations were confirmed by more recent analyses for 301 

the ITSv1 and ITSv2 DAs (Section 2.1 and Annex 5 of the Supporting document for 302 

evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) for Skin 303 

Sensitisation). Based on these findings, both positive and negative ITSv1 and ITSv2 304 

predictions for chemicals with a log P < 3.5 are of high confidence and accepted as stand-305 

alone predictions of these DAs. Furthermore, positive ITSv1 and ITSv2 predictions for 306 

chemicals with a log P > 3.5 are of high confidence and accepted as stand-alone predictions 307 

of the DAs. However, negative ITSv1 and ITSv2 DA predictions for chemicals with a log P 308 

> 3.5 are of low confidence, in which case, no conclusive DA stand-alone predictions can be 309 

made to derive skin sensitisation hazard and/or potency sub-categorisation predictions. These 310 

‘inconclusive’ predictions may nevertheless be considered in a weight-of-evidence approach 311 

and/or within the context of an IATA together with other information sources (e.g. 312 

demonstration of exposure to the test system, existing in vivo data, clinical data, read-across, 313 

other in vitro / in chemico / in silico data, etc.). 314 

25. For the 2o3 DA, borderline ranges (BRs) have been defined for the individual assays 315 

addressing the three KE of the DA, in order to define areas where lower confidence in the DA 316 

results may exist (see Section 2.1.4 of this Guideline). Positive and negative test results falling 317 

within these BRs as well as negative h-CLAT results obtained for a chemical with log P > 3.5 318 

(according to TG 442E) have lower confidence and may impact the outcome of the 2o3 DA.  319 

 320 

  321 
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2.  PART I - Defined Approach(es) for Hazard Identification 401 

26. Part I of this guideline applies to DAs that are intended solely for hazard identification, 402 

i.e. distinguishing between sensitisers and non-sensitisers. A summary of the DAs for hazard 403 

identification is provided below; additional detailed information can be found in the 404 

Supporting Document for Evaluation and Review of Draft Guideline (GL) for Defined 405 

Approaches (DAs) for Skin Sensitisation.  406 

 “2 out of 3” Defined Approach  407 

2.1.1. Summary 408 

27. The 2 out of 3 (2o3) DA is intended for the identification of the skin sensitisation 409 

hazard of a substance without the use of animal testing. The data interpretation procedure 410 

(DIP) is currently not designed to provide information on the potency of a sensitiser.  411 

28. The combination of test methods included in the 2o3 DA covers at least two of the first 412 

three KEs of the AOP leading to skin sensitisation as formally described by the OECD: KE 1: 413 

protein binding (i.e. via the direct peptide reactivity assay (DPRA; OECD TG 442C) (1); KE 414 

2: keratinocyte activation (i.e.KeratinoSens™; OECD TG 442D) (2); and KE 3: dendritic cell 415 

activation (i.e. via the human cell line activation test (h-CLAT; OECD TG 442E) (3).  416 

29. The DIP entails that two concordant results obtained from methods addressing at least 417 

two of the first three KEs of the AOP determine the final classification. The 2o3 DA was 418 

compared to 168 chemicals with curated LLNA reference data agreed upon by the expert group 419 

and achieved accuracies equivalent to the LLNA (see Table 2.1), and to 65 chemicals with 420 

curated human reference data agreed upon by the expert group and exceeded the accuracy of 421 

the LLNA for hazard identification. (see Table 2.2).  422 

2.1.2. Data interpretation procedure (DIP) 423 

30. The data interpretation procedure in the 2o3 DA is a transparent, rule-based approach 424 

requiring no expert judgment (Figure 2.1) (4, 5, 6). The approach predicts skin sensitization 425 

hazard by sequential testing, in an undefined order, in up to three internationally accepted non-426 

animal methods (i.e. DPRA, KeratinoSens, h-CLAT). Assays are run for two KEs, and if these 427 

assays provide consistent results, then the chemical is categorized accordingly as positive or 428 

negative. If the first two assays provide discordant results, the assay for the remaining KE is 429 

run. The overall result is based on the two concordant findings.  430 



 

 

Figure 2.1. . Schematic of the “2o3” defined approach. OECD TG methods for Key Events (KE) 431 
1-3 are run in an undefined order until at least two of the three methods show consensus 432 

 433 
 434 

31. The performance of the 2o3 DA was impacted by the consideration of borderline 435 

ranges for each of the methods, as described below in Section 2.1.4, and further detailed in 436 

Section 2.3 and Annex 7 of the Supporting document for evaluation and review of draft 437 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. A decision tree is 438 

provided in Section 2.1.4 to derive (in)conclusive predictions for the 2o3 DA, with no 439 

modification of the 2o3 DA Data Interpretation Procedure. 440 

2.1.3. Description and limitations of the individual information sources 441 

32. The individual information sources in the DA are assays included in OECD KE-based 442 

test guidelines for skin sensitisation (OECD TG 442C, 442D, 442E) (1, 2, 3), and the protocols 443 

are detailed therein. The following assays from those TGs have been characterized and 444 

included in the 2o3 DA. 445 

33. KE a,b,c=  446 

 Direct Peptide Reactivity Assay (DPRA; OECD TG 442C; KE1) (1): Skin sensitisers 447 

are generally electrophilic and react with the nucleophilic moieties of proteins. The 448 

DPRA measures depletion of two peptides containing either cysteine or lysine residues 449 

due to covalent binding. The prediction model described in OECD TG 442C is used 450 

to identify positive and negative results.  451 

 KeratinoSens™ assay (In vitro Skin Sensitisation: ARE-Nrf2 Luciferase Test Method; 452 

OECD TG 442D; KE2) (2); Keratinocytes harbouring a reporter gene construct react 453 

to possible sensitisers via the Nrf2-Keap1 pathway. The prediction model described in 454 

OECD TG 442D is used to identify positive and negative results.  455 

 Human cell-line activation test (h-CLAT; OECD TG 442E; KE 3) (3): Activation of 456 

antigen presenting cells (APCs) is characterized by the up-regulation of CD86 and/or 457 

CD54. The prediction model described in OECD TG 442E is used to identify positive 458 

and negative results.  459 

34. The limitations of individual in chemico and in vitro test methods are described in the 460 

respective test guidelines (1, 2, 3). 461 

2.1.4. Confidence in the 2o3 DA predictions 462 

35. Borderline ranges (BRs) were defined for the individual assays addressing the three 463 

KE of the 2o3 DA, in order to define areas where lower confidence in the DA results may exist 464 

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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(see Section 2.3 and Annex 7 of Supporting document for evaluation and review of draft 465 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation). The specific borderline 466 

ranges for each in vitro method, derived from their validation studies, are:  467 

 DPRA BR: mean peptide depletion: 5.28-7.48, Cys-only depletion: 12.08-15.07;   468 

 KeratinoSens™ BR: Imax: 1.35-1.67;   469 

 h-CLAT BR: RFI CD54: 157-255 RFI; CD86: 122-184.  470 

36. The adaptations of the prediction models for each of the individual information sources 471 

to conclude on borderline cases are described in Annex 1 of this guideline.  472 

37. For the data with a single run as reported in the reference database, borderline cases in 473 

the DPRA are identified based on the borderline range for the mean peptide depletion or Cys-474 

only depletion as described above. To decide on repeated testing based on the refined 475 

requirement for repeated runs and to then determine positives, negatives and borderline final 476 

outcomes, the prediction model in Annex 1, Figure A2 can be consulted 477 

38. For the assessment of whether the outcome of repeated runs yields a positive, negative 478 

or borderline final outcome in KeratinoSens, the prediction model in Annex 1, Figure A1 479 

is applied (modified from the PM in TG 442D). 480 

39. For the assessment of whether the outcome of repeated runs yields a positive, negative 481 

or borderline final outcome in the h-CLAT, the prediction model in Annex 1, Figure A3 is 482 

applied (modified from the PM in TG 442E).  483 

40. Positive and negative test results falling within these BRs as well as negative h-CLAT 484 

results obtained for a chemical with log P > 3.5 (according to TG 442E, 2018) are of lower 485 

confidence, and affect the outcome of the 2o3 DA as described below: 486 

 In case the result of one of the 2o3 DA test methods falls into the respective test method’s 487 

BR, a 2o3 DA prediction can still be made if the outcomes of the other two test methods 488 

composing the 2o3 DA are concordant and have high confidence (i.e., results falling outside 489 

of the respective BRs).  490 

 Similarly, in case a negative h-CLAT result is obtained for a chemical with log P > 3.5, a 2o3 491 

DA prediction can still be made if the outcomes of the other two test methods composing the 492 

2o3 DA are concordant and have high confidence (i.e., results falling outside of the respective 493 

BRs).  494 

 However, if the result of one of the 2o3 DA test methods falls into the respective test method’s 495 

BR or a negative h-CLAT result is obtained for a chemical with log P > 3.5, and the other two 496 

methods composing the 2o3 do not provide concordant and high confidence results, the 2o3 497 

DA prediction is considered ‘inconclusive’ and further data and/or information sources may 498 

be considered in a weight-of-evidence approach and/or within the context of an IATA.  499 

41. These borderline considerations and their impact on confidence of the 2o3 DA 500 

predictions are visualized in Figure 2.2. DA predictions with high confidence for hazard 501 

identification are considered conclusive. DA predictions with low confidence are considered 502 

inconclusive for hazard identification. 503 



 

 

Figure 2.2. Decision tree to be used for the 2o3 DASS, taking into account borderline results 504 
(based on the BR for DPRA, KS and h-CLAT) 505 

 506 

* In case a negative h-CLAT result is obtained for a chemical with log P > 3.5 (according to their related 507 
limitation as described in TG 442E (OECD, 2018b)), a 2o3 DASS prediction can only be made if the 508 
outcomes of the other two test methods composing the 2o3 DASS are concordant and are non-509 
borderline. 510 

2.1.5. Predictive capacity of the 2o3 DA vs. the LLNA  511 

42. The predictive capacity of the “2o3” DA is reported based on curated data from the 512 

LLNA (see Table 2.1) as agreed upon by the expert group (see Section 1.1 and Annex 3 of 513 

the Supporting document for evaluation and review of draft Guideline (GL) for Defined 514 

Approaches (DAs) for Skin Sensitisation). The borderline range analyses were applied as 515 

described above to assign confidence to the 2o3 DA predictions. Performance statistics are 516 

reported for high confidence predictions as compared to LLNA reference data, and 517 

inconclusive results are indicated. Specific chemical values and further details are available in 518 

Section 4 and Annex 2 of the Supporting document for evaluation and review of draft 519 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. The performance 520 

reported here is for the 2o3 DA using the DPRA for KE1, the KeratinoSens™ for KE2 and the 521 

h-CLAT for KE3.  522 

Table 2.1. Hazard identification performance of the “2o3” DA in comparison to LLNA 523 
reference data (N = 168 substances) 524 

Additional performance characterization is available in the Supporting document for evaluation and review of 525 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 526 

 LLNA 

2 of 3 DA Non Sens 

Non 22 19 

Sens 4 89 

Inconclusive 7 27 

DA Performance vs. LLNA Data “2o3” 

Accuracy (%) 82.8 

Sensitivity (%) 82.4 

Specificity (%) 84.6 
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Balanced Accuracy (%) 83.5 

Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and 527 
balanced accuracy is average of sensitivity and specificity. Performance is reported based on DPRA, 528 
KeratinoSens, and h-CLAT. Statistics reflect high confidence predictions only; inconclusive predictions are 529 
shown in grey. 530 
 531 

43. The application of the BR analyses and the designation of high/low confidence for the 532 

2o3 DA predictions is applied as described above in Section 2.1.4 and further detailed in 533 

Section 2.3 and Annex 7 of the Supporting document for evaluation and review of draft 534 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. The overall performance 535 

of the DA vs. LLNA data for the entire reference set (N=168 chemicals, including both low 536 

and high confidence predictions) was 76.2% accuracy, 74.1% sensitivity, 84.9% specificity, 537 

and 79.5% balanced accuracy. 538 

2.1.6. Predictive capacity of the 2o3 DA vs. Human Data 539 

44. The predictive capacity of the “2o3” DA is reported based on curated Human 540 

predictive Patch Test data (see Table 2.2) as agreed upon by the expert group (see Section 1.2 541 

and Annex 4 of the Supporting document for evaluation and review of draft Guideline (GL) 542 

for Defined Approaches (DAs) for Skin Sensitisation). The borderline range analyses were 543 

applied as described above to assign confidence to the 2o3 DA predictions. Performance 544 

statistics are reported for high confidence predictions as compared to Human reference data, 545 

and inconclusive results are indicated. Specific chemical values and further details are 546 

available in Section 4 and Annex 2 of the Supporting document for evaluation and review of 547 

draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. The performance 548 

reported here is for the 2o3 DA using the DPRA for KE1, the KeratinoSens™ for KE2 and the 549 

h-CLAT for KE3.  550 

Table 2.2. Hazard identification performance of the “2o3” DA in comparison to Human 551 
reference data (N = 65 substances) 552 

Additional performance characterization is available in the Supporting document for evaluation and review of 553 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 554 

 Human 

2 of 3 DA Non Sens 

Non 7 5 

Sens 1 42 

Inconclusive 3 7 

DA Performance vs. Human Data “2o3” 

Accuracy (%) 89.1 

Sensitivity (%) 
89.4 

Specificity (%) 
87.5 

Balanced Accuracy (%) 
88.4 



 

 

Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and 555 
balanced accuracy is average of sensitivity and specificity. Performance is reported based on DPRA, 556 
KeratinoSens, and h-CLAT. Statistics reflect high confidence predictions only; inconclusive predictions are 557 
shown in grey. 558 

45. The application of the BR analyses and the designation of high/low confidence for the 559 

2o3 DA predictions is applied as described above in Section 2.1.4 and further detailed in 560 

Section 2.3 and Annex 7 of the Supporting document for evaluation and review of draft 561 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. The overall performance 562 

of the DA vs. human data for the entire reference set (N=65 chemicals, including both low and 563 

high confidence predictions) was 83.1% accuracy, 83.3% sensitivity, 81.8% specificity, and 564 

82.6% balanced accuracy. 565 

2.1.7. Predictive capacity of the LLNA vs. Human Data  566 

46. To provide a basis for comparison for the DA performance, the predictive capacity of 567 

the LLNA is reported based on curated data from the Human Predictive Patch Tests (see Table 568 

2.3) as agreed upon by the expert group. Specific chemical values and further details are 569 

available in Section 4 and Annex 2 of the Supporting document for evaluation and review of 570 

draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation.   571 

Table 2.3. Hazard identification performance of the LLNA in comparison to Human reference 572 
data (N =  56 substances) 573 

Additional performance characterization is available in the Supporting document for evaluation and review of 574 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 575 

 Human 

LLNA Non Sens 

Non 2 3 

Sens 7 44 

LLNA Performance vs. Human Data  

Accuracy (%) 82.1 

Sensitivity (%) 
93.6 

Specificity (%) 
22.2 

Balanced Accuracy (%) 
57.9 

Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and 576 
balanced accuracy is average of sensitivity and specificity.  577 
 578 

47. The hazard identification performance of the high-confidence 2o3 DA predictions vs. 579 

human data (Table 2.2) was 89.1% accuracy, 89.4% sensitivity, 87.5% specificity, and 88.4% 580 

balanced accuracy, exceeding the performance of the LLNA in every measure except 581 

sensitivity (within 4.2%). 582 

 583 
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2.1.8. Proficiency chemicals  584 

48. The 2o3 DA relies on a simple, rule-based data interpretation procedure and no expert 585 

judgment is incorporated.  Proficiency chemicals for the individual information sources (KE1-586 

3) are defined in the respective guidelines (1, 2, 3), and demonstration of proficiency for the 587 

individual information sources fulfils the requirement for the demonstration of proficiency for 588 

the DA.  589 

2.1.9. Reporting of the DA  590 

49. The reporting of the DA application should follow the template described in GD 255, 591 

and should include at a minimum the following elements: 592 

  Test chemical identification  593 

  Individual test reports performed per corresponding guideline (OECD TG 442C, 594 

442D, 442E), and the order in which they were applied 595 

  Application of the modified prediction models according to Annex 1 to determine 596 

Borderline outcomes 597 

 Outcome of the DA application (hazard identification, i.e. skin sensitiser or not skin 598 

sensitiser or inconclusive result) 599 

  Any deviation from or adaptation of the 2o3 DA 600 

  Conclusion 601 
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3.  PART 3 – Defined Approaches for Skin Sensitisation Potency following  645 

the Globally Harmonised System 646 

50. Part II of the Guideline includes Defined Approaches that provide potency sub-647 

categorisation following the Globally Harmonised System for Classification and Labeling 648 

(GHS) (sub-category 1A = strong/moderate sensitisers; sub-category 1B = weak sensitisers, 649 

and No Classification (NC = non-sensitiser)). These DAs may also be used for hazard 650 

identification, i.e. distinguishing between sensitisers and non-sensitisers. Currently the ITSv1 651 

DA and ITSv2 DA are included in this section of the Guideline. Additional detailed 652 

information can be found in the Supporting document for evaluation and review of draft 653 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation.  654 

 Defined Approach: “Integrated Testing Strategy (ITSv1)” 655 

3.1.1. Summary 656 

51. This defined approach was constructed as an integrated testing strategy (ITSv1) for 657 

prediction of the skin sensitisation potential and potency of a substance. The ITSv1 DA uses 658 

test methods that address key events (KEs) 1 and 3 in the Adverse Outcome Pathway (AOP) 659 

and includes an in silico prediction of skin sensitisation.  Protein binding (KE 1) is evaluated 660 

using the Direct Peptide Reactivity Assay (DPRA; OECD TG 442c) (1). Dendritic cell 661 

activation (KE 3) is evaluated using the human cell line activation test (h-CLAT) (2).  The 662 

ITSv1 (Figure 3.1) depends on the quantitative results from OECD TG 442E (KE 3) and TG 663 

442C (KE 1), and commercial software (Derek) that provides structural alerts for sensitization.  664 

52. The ITSv1 DA was evaluated for hazard identification for 167 substances and for GHS 665 

sub-categorisation for 155 substances based on curated LLNA reference data as agreed upon 666 

by the expert group, and achieved accuracies equivalent to the LLNA (see Tables 3.1-3.2). 667 

The performance of the ITSv1 DA was compared to 64 substances with human reference data 668 

as agreed upon by the expert group (see Tables 3.3-3.4), and exceeded the accuracy of the 669 

LLNA for both hazard and potency classification. 670 

3.1.2. Data Interpretation Procedure 671 

53. The ITSv1 DA provides both hazard and potency classification (i.e., chemical is sub-672 

categorised for likelihood as a strong (1A) or weak (1B) skin sensitizer, or no category (NC, 673 

i.e. is not classified as a skin sensitizer).  674 

54. The DIP was slightly altered from the original published version of the ITS (5) to 675 

change the cutoff for 1A sensitizers from a score of 7 to a score of 6 to optimize the ability of 676 

the DA to detect strong sensitizers. 677 

55. The quantitative results of h-CLAT and DPRA are converted into a score from 0 to 3, 678 

as shown in Figure 3.1. For h-CLAT, the minimum induction thresholds (MITs) are converted 679 

to a score from 0 to 3 based on the cutoffs of 10 and 150 μg/ml. For DPRA, the mean percent 680 

depletion for the cysteine and lysine peptides is converted to a score from 0 to 3, based on 681 

OECD TG 442C (1). In cases where co-elution occurs only with the lysine peptide, the 682 

depletion for only cysteine peptides is converted to a score from 0 to 3. The Derek in silico 683 

alert is assigned a score of 1; absence of an alert was assigned a score of 0. Having only an in 684 

silico alert outcome is not sufficient evidence to predict a test substance as a sensitiser. When 685 

the sum of these scores have been assessed, a total battery score from 0 to 7, calculated by 686 

summing the individual scores, is used to predict the sensitising potential (hazard 687 



 

 

identification; sensitisers vs non-sensitisers) and potency. The positive criteria are set as a total 688 

battery score of 2 or greater. Based on the updated DIP, a total battery score is classified into 689 

three ranks: score of 6-7 is defined as a strong (1A) sensitiser; score of 5, 4, 3, or 2, weak (1B) 690 

sensitiser; score of 1 or 0, not-classified.  691 

Figure 3.1. . Schematic of the ITSv1 defined approach. The DA is a simple score-based system 692 
depending on assays from OECD TG 442E and 442C, and the Derek in silico structural alert-693 

based prediction, as shown 694 

 695 
Potency:  Total Battery Score 696 

Strong (1A):  6-7 697 

Weak (1B):   2-5 698 

Not classified: 0-1 699 

Source: Adapted from Takenouchi et al. 2015A 700 

 701 

3.1.3. Description and limitations of the individual information sources   702 

56. The individual in vitro information sources are existing KE-based OECD test 703 

guidelines (OECD TG 442C, 442E) (1, 2), and the protocols are detailed therein. The 704 

following assays from those TGs have been characterized and included in the ITSv1 DA. 705 

57. KE 3,1=  706 

 Human cell-line activation test (h-CLAT; OECD TG 442E; KE 3) (2): Activation of 707 

antigen presenting cells (APCs) is characterized by the up-regulation of CD86 and/or 708 

CD54. The h-CLAT is considered to be positive if CD86 induction exceeds 1.5-fold 709 

and CD54 exceeds 2-fold at viabilities > 50% when compared to the vehicle control. 710 

From the experimental dose-response curves, the median concentration(s) inducing 711 

1.5- and/or 2-fold induction of CD86 and/or CD54 are calculated and the lowest of the 712 

two values is defined as the minimal induction threshold, MIT:  713 

MIT = min(EC150 CD86, EC200 CD54) 714 

Substances predicted as positive are assigned potency scores based on the MIT 715 

thresholds shown in Figure 3-1.  716 

 Direct Peptide Reactivity Assay (DPRA; OECD TG 442C; KE1) (1): Skin sensitisers 717 

are generally electrophilic and react with the nucleophilic moieties of proteins. The 718 

DPRA measures depletion of two peptides containing either cysteine or lysine residues 719 

due to covalent binding. The prediction model described in OECD TG 442C is used 720 

to identify positive and negative results. A substance that induces mean peptide 721 

depletion of cysteine- and lysine-containing peptide above 6.38% is considered to be 722 

a sensitiser. Substances predicted as positive are assigned potency scores based on the 723 

mean peptide depletion thresholds shown in Figure 3-1. 724 
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58. The limitations of the individual in chemico and in vitro test methods are described in 725 

the respective test guidelines (1, 2)  726 

59. The in silico information source predictions are derived from the commercially 727 

available Derek in silico knowledge-based toxicity alerting software comprising alerts on skin 728 

sensitisation (Derek Nexus v.6.1.0 using Derek Knowledge Base 2020 1.0 from Lhasa 729 

Limited). Derek is mainly addressing structural features and whether a hapten has a potential 730 

for electrophilic binding to skin proteins either directly or following metabolism (6). To each 731 

alert, a certainty level is associated. Substances with causative structural alert(s) (i.e., certain, 732 

probable, plausible, equivocal, and doubted) are conservatively considered to be a potential 733 

sensitiser.  A protocol for generating Derek predictions is provided in Annex 2 of this 734 

guideline, and the approach for characterizing the in silico applicability domain used in the 735 

ITSv1 is available in Section 2.4.1 and Annex 8 of the Supporting document for evaluation 736 

and review of draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation.  737 

3.1.4. Confidence in the ITSv1 DA Predictions 738 

60. The level of confidence of the ITSv1 DA prediction is assigned based on the total DA 739 

score and applicability domain of the individual information sources, as shown via the flow 740 

chart in Figure 3.2. DA predictions with high confidence for hazard identification and potency 741 

are considered conclusive. DA predictions with low confidence are considered inconclusive 742 

for hazard identification and/or potency. Details including applicability domain and 743 

confidence considerations are provided in Section 2.4.1 and Annex 8 of the Supporting 744 

document for evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) 745 

for Skin Sensitisation.  746 

Figure 3.2. Decision tree to be used for assigning confidence to the ITSv1 DA predictions 747 

 748 

 749 

3.1.5. Predictive capacity of the ITSv1 DA vs the LLNA 750 

61. The predictive capacity of ITSv1 using Derek is reported based on curated data from 751 

the LLNA (see Tables 3.1-3.2) as agreed upon by the expert group (see Section 1.1 and Annex 752 

3 of the Supporting document for evaluation and review of draft Guideline (GL) for Defined 753 

Approaches (DAs) for Skin Sensitisation). The workflow shown in Section 3.1.4 was applied 754 

to assign confidence to the ITSv1 DA predictions. The designation of high/low confidence for 755 

the ITSv1 DA predictions is further detailed in Annex 8 of the Supporting document for 756 

evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) for Skin 757 

Sensitisation. Performance statistics are reported for high confidence predictions as compared 758 



 

 

to LLNA reference data, and inconclusive results are indicated. Specific chemical values and 759 

further details are available in Section 4 and Annex 2 of the Supporting document for 760 

evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) for Skin 761 

Sensitisation. 762 

Table 3.1. Hazard identification performance of the ITSv1 DA in comparison to LLNA 763 
reference data (N = 167 substances)  764 

Additional performance characterization is available in the Supporting document for evaluation and review of 765 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 766 

 LLNA 

ITSv1 DA Non Sens 

Non 21 10 

Sens 9 117 

Inconclusive 3 7 

DA Performance vs. LLNA Data ITSv1 

Accuracy (%) 87.9 

Sensitivity (%) 92.1 

Specificity (%) 70.0 

Balanced Accuracy (%) 81.1 

Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is 767 
average of sensitivity and specificity. Statistics reflect high confidence predictions only; inconclusive predictions are shown in grey. 768 

62. The designation of high/low confidence for the ITSv1 DA predictions is applied as 769 

described above in Section 3.1.4 and further detailed in Section 2.4.1 and Annex 8 of the 770 

Supporting document for evaluation and review of draft Guideline (GL) for Defined 771 

Approaches (DAs) for Skin Sensitisation. The hazard performance of the ITSv1 DA vs. LLNA 772 

data for the entire reference set (N=167 chemicals, including both low and high confidence 773 

predictions) was 84.4% accuracy, 87.3% sensitivity, 72.7% specificity, and 80.0% balanced 774 

accuracy. 775 

 776 

Table 3.2. Potency classification performance of the ITSv1 DA in comparison to LLNA  777 

Additional performance characterization is available in the Supporting document for evaluation and review of 778 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 779 

 LLNA 

ITSv1 DA NC 1B 1A 

NC 21 10 0 

1B 9 55 10 

1A 0 12 28 

Inconclusive 3 7 0 

 780 

77.9% average balanced accuracy overall 781 
 782 

ITSv1 Statistics by Class: 783 

 NC 1B 1A 

Sensitivity (%) 70.0 71.4 73.7 
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Specificity (%) 91.3 72.1 88.8 

Balanced Accuracy (%) 80.7 71.7 81.2 
Note: Sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is average of sensitivity and specificity. 784 
Statistics reflect high confidence predictions only; inconclusive predictions are shown in grey. 785 
 786 

63. The designation of high/low confidence for the ITSv1 DA predictions is applied as 787 

described above in Section 3.1.4 and further detailed in Section 2.4.1 and Annex 8 of the 788 

Supporting document for evaluation and review of draft Guideline (GL) for Defined 789 

Approaches (DAs) for Skin Sensitisation. The potency sub-categorisation performance of the 790 

ITSv1 DA vs. LLNA data for the entire reference set (N=155 chemicals, including both low 791 

and high confidence predictions) was 76.8% average balanced accuracy, within-class ranges 792 

of 69.4-81.7% balanced accuracy, 65.5-73.7% sensitivity, and 73.2-89.7% specificity. 793 

3.1.6. Predictive capacity of the DA vs Human Data 794 

64. The predictive capacity of ITSv1 using Derek is reported based on curated data from 795 

the Human Predictive Patch Test (see Tables 3.3-3.4) as agreed upon by the expert group. The 796 

designation of high/low confidence for the ITSv1 DA predictions is further detailed in Annex 797 

8 of the Supporting document for evaluation and review of draft Guideline (GL) for Defined 798 

Approaches (DAs) for Skin Sensitisation. Specific chemical values and further details are 799 

available in Section 4 and Annex 2 of the Supporting document for evaluation and review of 800 

draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 801 

Table 3.3. Hazard identification performance of the ITSv1 DA in comparison to Human 802 
reference data (N = 64 substances) 803 

Additional performance characterization is available in the Supporting document for evaluation and review of 804 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 805 

 Human 

ITSv1 DA Non Sens 

Non 4 4 

Sens 5 49 

Inconclusive 2 0 

DA Performance vs. Human Data ITSv1 

Accuracy (%) 85.5 

Sensitivity (%) 92.5 

Specificity (%) 44.4 

Balanced Accuracy (%) 68.5 

Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is 806 
average of sensitivity and specificity. Statistics reflect high confidence predictions only; inconclusive predictions are shown in grey. 807 

65. The designation of high/low confidence for the ITSv1 DA predictions is applied as 808 

described above in Section 3.1.4 and further detailed in Section 2.4.1 and Annex 8 of the 809 

Supporting document for evaluation and review of draft Guideline (GL) for Defined 810 

Approaches (DAs) for Skin Sensitisation. The hazard performance of the ITSv1 DA vs. Human 811 

data for the entire reference set (N=64 chemicals, including both low and high confidence 812 



 

 

predictions) was 85.9% accuracy, 92.5% sensitivity, 54.6% specificity, and 73.5% balanced 813 

accuracy. 814 

 815 

Table 3.4. Potency classification performance of the ITSv1 DA in comparison to Human 816 
reference data (N = 61 substances), based on the GHS 1A/1B sub-categorisation 817 

Additional performance characterization is available in the Supporting document for evaluation and review of 818 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 819 

 Human 

ITSv1 DA NC 1B 1A 

NC 4 4 0 

1B 5 23 7 

1A 0 3 13 

Inconclusive 2 0 0 

 820 

71.5% average balanced accuracy overall 821 
 822 

ITSv1 vs Human Statistics by Class: 823 

 NC 1B 1A 

Sensitivity (%) 44.4 76.7 65.0 

Specificity (%) 92.0 58.6 92.3 

Balanced Accuracy (%) 68.2 67.6 78.7 
Note: Sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is average of sensitivity and specificity. 824 
Statistics reflect high confidence predictions only; inconclusive predictions are shown in grey. 825 
 826 

66. The designation of high/low confidence for the ITSv1 DA predictions is applied as 827 

described above in Section 3.1.4 and further detailed in Section 2.4.1 and Annex 8 of the 828 

Supporting document for evaluation and review of draft Guideline (GL) for Defined 829 

Approaches (DAs) for Skin Sensitisation. The potency sub-categorisation performance of the 830 

ITSv1 DA vs. Human data for the entire reference set (N=61 chemicals, including both low 831 

and high confidence predictions) was 73.7% average balanced accuracy, within-class ranges 832 

of 69-78.8% balanced accuracy, 54.5-76.7% sensitivity, and 61.3-92.7% specificity. 833 

3.1.7. Predictive capacity of the LLNA vs. Human Data  834 

67. To provide a basis for comparison for the DA performance, the predictive capacity of 835 

the LLNA is reported based on curated data from the Human Predictive Patch Test (see Table 836 

3.5-3.6) as agreed upon by the expert group. Specific chemical values and further details are 837 

available in Section 4 and Annex 2 of the Supporting document for evaluation and review of 838 

draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation.   839 

Table 3.5. Hazard identification performance of the LLNA in comparison to Human reference 840 
data (N =  56 substances) 841 

Additional performance characterization is available in the Supporting document for evaluation and review of 842 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 843 

 Human 
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LLNA Non Sens 

Non 2 3 

Sens 7 44 

LLNA Performance vs. Human Data  

Accuracy (%) 82.1 

Sensitivity (%) 
93.6 

Specificity (%) 
22.2 

Balanced Accuracy (%) 
57.9 

Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and 844 
balanced accuracy is average of sensitivity and specificity. 845 

68. The hazard identification performance of the high-confidence ITSv1 DA predictions 846 

vs. human data was 85.5% accuracy, 92.5% sensitivity, 44.4% specificity, and 68.5% balanced 847 

accuracy, exceeding the performance of the LLNA in every measure except sensitivity (within 848 

1.1%). 849 

Table 3.6. Potency classification performance of the LLNA in comparison to Human reference 850 
data (N = 47 substances), based on the GHS 1A/1B sub-categorisation 851 

Additional performance characterization is available in the Supporting document for evaluation and review of 852 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 853 

 Human 

LLNA NC 1B 1A 

NC 2 3 0 

1B 6 17 7 

1A 0 3 9 

 854 

63.9% average balanced accuracy overall 855 
 856 

LLNA vs Human Statistics by Class: 857 

 NC 1B 1A 

Sensitivity (%) 25.0 73.9 56.3 

Specificity (%) 92.3 45.8 90.3 

Balanced Accuracy (%) 58.7 59.9 73.3 
Note: Sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is average of sensitivity and specificity.  858 

69. The potency sub-categorisation performance of the high-confidence ITSv1 DA 859 

predictions vs. human data was 71.5% averaged balanced accuracy overall, within-class ranges 860 

of 67.6-78.7% balanced accuracy, 44.4-76.7% sensitivity, and 58.6-92.0% specificity 861 

exceeding the performance of the LLNA in every measure except specificity for the NC class 862 

(within 0.3%). 863 



 

 

3.1.8.  Proficiency chemicals 864 

70. The ITSv1 relies on a simple, rule-based data interpretation procedure and no expert 865 

judgment is incorporated. Proficiency chemicals for the individual in vitro information sources 866 

(KE 1 and 3) are defined in the respective guidelines (OECD TG 442C, 442E) (1, 2).  The 867 

protocol details for the in silico information source Derek are included in Annex 2 of this 868 

guideline. Demonstration of proficiency for the individual information sources fulfils the 869 

requirement for the demonstration of proficiency for the DA. 870 

3.1.9. Reporting of the DA  871 

71. The reporting of the ITSv1 DA should follow the template described in GD 255, and 872 

should include at a minimum the following elements: 873 

  Test chemical identification  874 

  Individual test reports for the individual tests performed per corresponding guideline 875 

(OECD TG 442C, 442E). 876 

  Description of protocol used for in silico Derek prediction and outcome, e.g. reported 877 

via a QPRF (Annex 2). 878 

  Outcome of the DA application (Hazard identification and potency classification 879 

according to GHS categories) 880 

  Any deviation from or adaptation of the ITSv1 DA 881 

  Conclusion 882 

 Defined Approach: “Integrated Testing Strategy (ITSv2)” 883 

3.2.1. Summary 884 

72. Similarly to the ITSv1 (Section 3.1), this defined approach was constructed as an 885 

integrated testing strategy (ITS) for prediction of the skin sensitisation potential and potency 886 

of a substance. The ITSv2 DA uses test methods that address key events (KEs) 1 and 3 in the 887 

Adverse Outcome Pathway (AOP) and includes an in in silico prediction of skin sensitisation.  888 

Protein binding (KE 1) is evaluated using the Direct Peptide Reactivity Assay (DPRA; OECD 889 

TG 442c) (1). Dendritic cell activation (KE 3) is evaluated using the human cell line activation 890 

test (h-CLAT) (2).  The ITSv1 (Figure 3.1) depends on the quantitative results from OECD 891 

TG 442E (KE 3) and TG 442C (KE 1), and the open-source OECD Toolbox sensitization 892 

predictions, based on identification of structural analogues, for the in silico portion of the ITS.  893 

73. The ITSv2 DA was evaluated for GHS sub-categorisation based on curated LLNA 894 

reference data for 167 substances and for GHS sub-categorisation for 153 substances based on 895 

curated LLNA reference data as agreed upon by the expert group, and achieved accuracies 896 

equivalent to the LLNA (see Tables 3.7-3.8). The performance of the ITSv2 DA was compared 897 

to human reference data for 64 substances as agreed upon by the expert group (see Tables 3.9-898 

3.10) and exceeded the accuracy of the LLNA. 899 

3.2.2. Data Interpretation Procedure 900 

74. The ITSv2 DA provides both hazard and potency classification (i.e., chemical is 901 

categorized for likelihood as a strong (1A) or weak (1B) skin sensitizer, or no category (NC) 902 

(i.e. is not classified as a skin sensitizer).  903 

75. At the suggestion of the expert group the original DA using Derek (ITSv1) (3, 4, 5) 904 

was updated to substitute the OECD Toolbox as the in silico information source (ITSv2). 905 
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Further, in both cases the DIP was slightly altered to change the cutoff for 1A sensitizers to a 906 

score of 6, to allow for future prediction of chemicals without structural analogues in the 907 

OECD Toolbox and to optimize the ability of the DA to detect strong sensitizers. 908 

76. The quantitative results of h-CLAT and DPRA are converted into a score from 0 to 3, 909 

as shown in Figure 3.3. For h-CLAT, the minimum induction thresholds (MITs) are converted 910 

to a score from 0 to 3 based on the cutoffs of 10 and 150 μg/ml. For DPRA, the mean percent 911 

depletion for the cysteine and lysine peptides is converted to a score from 0 to 3, based on 912 

OECD TG 442C (1). In cases where co-elution occurs only with the lysine peptide, the 913 

depletion for only cysteine peptides is converted to a score from 0 to 3. For the OECD TB, a 914 

score of 1 or 0 is assigned based on the automated workflow providing skin sensitiser hazard 915 

prediction. Having only an in silico positive outcome is not sufficient evidence to predict a test 916 

substance as a sensitiser. When the sum of these scores have been assessed, a total battery 917 

score from 0 to 7, calculated by summing the individual scores, is used to predict the 918 

sensitising potential (hazard identification; sensitisers vs non-sensitisers) and potency. The 919 

positive criteria are set as a total battery score of 2 or greater. Based on the updated DIP, a 920 

total battery score is classified into three ranks: score of 6-7 is defined as a strong (1A) 921 

sensitiser; score of 5, 4, 3, or 2, weak (1B) sensitiser; score of 1 or 0, not-classified.  922 

Figure 3.3. Schematic of the updated ITSv2 defined approach. The DA is a simple score-based 923 
system depending on assays from OECD TG 442E and 442C, and the open-source OECD 924 

Toolbox in silico structural analogue-based prediction, as shown 925 

 926 
Potency:  Total Battery Score 927 

Strong (1A):  6-7 928 

Weak (1B):   2-5 929 

Not classified: 0-1 930 

 931 

 932 

3.2.3. Description and limitations of the individual information sources 933 

77. The individual in vitro information sources are existing KE-based OECD test 934 

guidelines (OECD TG 442C, 442E) (1, 2), and the protocols are detailed therein. The 935 

following assays from those TGs have been characterized and included in the ITS DAs. 936 

78. KE 3,1=  937 

 Human cell-line activation test (h-CLAT; OECD TG 442E; KE 3) (2): Activation of 938 

antigen presenting cells (APCs) is characterized by the up-regulation of CD86 and/or 939 

CD54. The h-CLAT is considered to be positive if CD86 induction exceeds 1.5-fold 940 

and CD54 exceeds 2-fold at viabilities > 50% when compared to the vehicle control. 941 

From the experimental dose-response curves, the median concentration(s) inducing 942 

1.5- and/or 2-fold induction of CD86 and/or CD54 are calculated and the lowest of the 943 

two values is defined as minimal induction threshold, MIT:  944 

MIT = min(EC150 CD86, EC200 CD54) 945 

OECD	TB

Sens
Non



 

 

Substances predicted as positive are assigned potency scores based on the MIT 946 

thresholds shown in Figure 3.3.  947 

 Direct Peptide Reactivity Assay (DPRA; OECD TG 442C; KE1) (1): Skin sensitisers 948 

are generally electrophilic and react with the nucleophilic moieties of proteins. The 949 

DPRA measures depletion of two peptides containing either cysteine or lysine residues 950 

due to covalent binding. The prediction model describes in OECD TG 442C is used to 951 

identify positive and negative results. A substance that induces mean peptide depletion 952 

of cysteine- and lysine-containing peptide above 6.38% is considered to be a sensitiser. 953 

Substances predicted as positive are assigned potency scores based on the mean 954 

peptide depletion thresholds shown in Figure 3.3. 955 

79. The limitations of the individual in chemico and in vitro test methods are described in 956 

the respective test guidelines (1, 2)  957 

80. The in silico information source is derived from the OECD Toolbox automated 958 

workflow providing skin sensitiser hazard prediction (QSAR Toolboxv4.5). The target 959 

compound is profiled for protein binding alerts, and auto-oxidation products and skin 960 

metabolites are generated and then profiled for protein binding alerts. Structural profilers are 961 

used to identify analogue chemicals and the data gap is filled using read across. The detailed 962 

protocol used for generating OECD Toolbox predictions used in ITSv2 is included as Annex 963 

3 of this guideline. 964 

3.2.4. Confidence in the ITSv2 DA Predictions 965 

81. The level of confidence of the ITSv2 DA prediction is assigned based on the total DA 966 

score and applicability domain of the individual information sources, as shown via the flow 967 

chart in Figure 3.4. The first decision on whether all information elements can be used is 968 

dictated by the limitations of the in vitro methods (e.g. negative h-CLAT results for chemicals 969 

with Log P > 3.5 are not currently considered), and by the applicability domain of the in silico 970 

OECD TB prediction (Section 2.4.2 and Annex 9 of the Supporting document for evaluation 971 

and review of draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation). DA 972 

predictions with high confidence for hazard identification and potency are considered 973 

conclusive. DA predictions with low confidence are considered inconclusive for hazard 974 

identification and/or potency. Details and all possible outcomes including applicability domain 975 

and confidence considerations are provided in Section 2.4.2 and Annex 9 of the Supporting 976 

document for evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) 977 

for Skin Sensitisation. 978 
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Figure 3.4. Decision tree to be used for assigning confidence to the ITSv2 DA predictions 979 

 980 

 981 

3.2.5. Predictive capacity of the ITSv2 DA vs LLNA 982 

82. The predictive capacity of ITSv2 using OECD TB is reported based on curated data 983 

from the LLNA (see Tables 3.7-3.8) as agreed upon by the expert group (see Section 1.1 and 984 

Annex 3 of the Supporting document for evaluation and review of draft Guideline (GL) for 985 

Defined Approaches (DAs) for Skin Sensitisation). The workflow shown in Section 3.2.4 was 986 

applied to assign confidence to the ITSv2 DA predictions. The designation of high/low 987 

confidence for the ITSv2 DA predictions is further detailed in Section 2.4.2 and Annex 9 of 988 

the Supporting document for evaluation and review of draft Guideline (GL) for Defined 989 

Approaches (DAs) for Skin Sensitisation. Performance statistics are reported for high 990 

confidence predictions as compared to LLNA reference data, and inconclusive results are 991 

indicated. Specific chemical values and further details are available in Section 4 and Annex 992 

2 of the Supporting document for evaluation and review of draft Guideline (GL) for Defined 993 

Approaches (DAs) for Skin Sensitisation. 994 



 

 

Table 3.7. Hazard identification performance of the ITSv2 DA in comparison to LLNA 995 
reference data (N = 167 substances) 996 

Additional performance characterization is available in the Supporting document for evaluation and review of 997 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 998 

 LLNA 

ITSv2 DA Non Sens 

Non 20 9 

Sens 10 116 

Inconclusive 3 9 

DA Performance vs. LLNA Data ITSv2 

Accuracy (%) 87.7 

Sensitivity (%) 92.8 

Specificity (%) 66.7 

Balanced Accuracy (%) 79.7 

Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is 999 
average of sensitivity and specificity. Statistics reflect high confidence predictions only; inconclusive predictions are shown in grey. 1000 

83. The designation of high/low confidence for the ITSv2 DA predictions is applied as 1001 

described above in Section 3.2.4 and further detailed in Section 2.4.2 and Annex 9 of the 1002 

Supporting document for evaluation and review of draft Guideline (GL) for Defined 1003 

Approaches (DAs) for Skin Sensitisation. The hazard performance of the ITSv2 DA vs. LLNA 1004 

data for the entire reference set (N=167 chemicals, including both low and high confidence 1005 

predictions) was 83.8% accuracy, 87.3% sensitivity, 69.7% specificity, and 78.5% balanced 1006 

accuracy. 1007 

Table 3.8. Potency classification performance of the ITSv2 DA in comparison to LLNA 1008 
reference data (N = 153 substances), based on the GHS 1A/1B sub-categorisation  1009 

Additional performance characterization is available in the Supporting document for evaluation and review of 1010 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 1011 

 LLNA 

ITSv2 DA NC 1B 1A 

NC 20 9 0 

1B 10 54 10 

1A 0 12 26 

Inconclusive 3 9 0 

 1012 

76.8% average balanced accuracy overall 1013 
 1014 

ITSv2 Statistics by Class: 1015 

 NC 1B 1A 

Sensitivity (%) 66.7 72.0 72.2 
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Specificity (%) 91.9 69.7 88.6 

Balanced Accuracy (%) 79.3 70.9 80.4 
Note: Sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is average of sensitivity and specificity. 1016 
Statistics reflect high confidence predictions only; inconclusive predictions are shown in grey. 1017 
 1018 

84. The designation of high/low confidence for the ITSv2 DA predictions is applied as 1019 

described above in Section 3.2.4 and further detailed in Section 2.4.2 and Annex 9 of the 1020 

Supporting document for evaluation and review of draft Guideline (GL) for Defined 1021 

Approaches (DAs) for Skin Sensitisation. The potency sub-categorisation performance of the 1022 

ITSv2 DA vs. LLNA data for the entire reference set (N=153 chemicals, including both low 1023 

and high confidence predictions) was 74.7% average balanced accuracy, within-class ranges 1024 

of 67.3-79.1% balanced accuracy, 65.5-69.7% sensitivity, and 69.0-89.7% specificity. 1025 

3.2.6. Predictive capacity of the ITSv2 DA vs Human Data 1026 

85. The predictive capacity of ITSv2 using OECD TB is reported based on curated data 1027 

from the Human Predictive Patch Test (see Tables 3.9-3.10) as agreed upon by the expert 1028 

group. The designation of high/low confidence for the ITSv2 DA predictions is further detailed 1029 

in Section 2.4.2 and Annex 9 of the Supporting document for evaluation and review of draft 1030 

Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. Specific chemical values 1031 

and further details are available in Section 4 and Annex 2 of the Supporting document for 1032 

evaluation and review of draft Guideline (GL) for Defined Approaches (DAs) for Skin 1033 

Sensitisation. 1034 

Table 3.9. Hazard identification performance of the ITSv2 DA in comparison to Human 1035 
reference data (N = 64 substances) 1036 

Additional performance characterization is available in the Supporting document for evaluation and review of 1037 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 1038 

 Human 

ITSv2 DA Non Sens 

Non 4 3 

Sens 5 48 

Inconclusive 2 2 

DA Performance vs. Human Data ITSv2 

Accuracy (%) 86.7 

Sensitivity (%) 94.1 

Specificity (%) 44.4 

Balanced Accuracy (%) 69.2 

Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is 1039 
average of sensitivity and specificity. Statistics reflect high confidence predictions only; inconclusive predictions are shown in grey. 1040 

86. The designation of high/low confidence for the ITSv2 DA predictions is applied as 1041 

described above in Section 3.2.4 and further detailed in Section 2.4.2 and Annex 9 of the 1042 

Supporting document for evaluation and review of draft Guideline (GL) for Defined 1043 

Approaches (DAs) for Skin Sensitisation. The hazard performance of the ITSv2 DA vs. Human 1044 



 

 

data for the entire reference set (N=64 chemicals, including both low and high confidence 1045 

predictions) was 85.9% accuracy, 92.5% sensitivity, 54.6% specificity, and 73.5% balanced 1046 

accuracy. 1047 

Table 3.10. Potency classification performance of the ITSv2 DA in comparison to Human 1048 
reference data (N = 60 substances), based on the GHS 1A/1B sub-categorisation  1049 

Additional performance characterization is available in the Supporting document for evaluation and review of 1050 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 1051 

 Human 

ITSv2 DA NC 1B 1A 

NC 4 3 0 

1B 5 23 6 

1A 0 3 12 

Inconclusive 2 1 1 

 1052 

72.6% average balanced accuracy overall 1053 
 1054 

ITSv2 vs Human Statistics by Class: 1055 

 NC 1B 1A 

Sensitivity (%) 44.4 79.3 66.7 

Specificity (%) 93.6 59.3 92.1 

Balanced Accuracy (%) 69.0 69.2 79.4 
Note: Sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is average of sensitivity and specificity. 1056 
Statistics reflect high confidence predictions only; inconclusive predictions are shown in grey. 1057 

87. The designation of high/low confidence for the ITSv2 DA predictions is applied as 1058 

described above in Section 3.2.4 and further detailed in Section 2.4.2 and Annex 9 of the 1059 

Supporting document for evaluation and review of draft Guideline (GL) for Defined 1060 

Approaches (DAs) for Skin Sensitisation. The potency sub-categorisation performance of the 1061 

ITSv2 DA vs. Human data for the entire reference set (N=61 chemicals, including both low 1062 

and high confidence predictions) was 72.5% average balanced accuracy, within-class ranges 1063 

of 68.9-76.3% balanced accuracy, 54.5-76.7% sensitivity, and 61.3-92.7% specificity. 1064 

3.2.7. Predictive capacity of the LLNA vs. Human Data 1065 

88. To provide a basis for comparison for the DA performance, the predictive capacity of 1066 

the LLNA is reported based on curated data from the Human Predictive Patch Test (see Table 1067 

2.3) as agreed upon by the expert group. Specific chemical values and further details are 1068 

available in Section 4 and Annex 2 of the Supporting document for evaluation and review of 1069 

draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation.   1070 

Table 3.11. Hazard identification performance of the LLNA in comparison to Human reference 1071 
data (N =  56 substances) 1072 

Additional performance characterization is available in the Supporting document for evaluation and review of 1073 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 1074 

 Human 

LLNA Non Sens 

Non 2 3 
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Sens 7 44 

LLNA Performance vs. Human Data  

Accuracy (%) 82.1 

Sensitivity (%) 
93.6 

Specificity (%) 
22.2 

Balanced Accuracy (%) 
57.9 

Note: Accuracy is correct classification rate, sensitivity is true positive rate, specificity is true negative rate, and 1075 
balanced accuracy is average of sensitivity and specificity. Performance is reported based on DPRA, KeratinoSens, 1076 
and h-CLAT. 1077 
 1078 

89. The hazard identification performance of the high-confidence ITSv2 DA predictions 1079 

vs. human data was 86.7% accuracy, 94.1% sensitivity, 44.4% specificity, and 69.2% balanced 1080 

accuracy, exceeding the performance of the LLNA in every measure. 1081 

Table 3.12. Potency classification performance of the LLNA in comparison to Human reference 1082 
data (N = 47 substances), based on the GHS 1A/1B sub-cateogrisation 1083 

Additional performance characterization is available in the Supporting document for evaluation and review of 1084 
draft Guideline (GL) for Defined Approaches (DAs) for Skin Sensitisation. 1085 

 Human 

LLNA NC 1B 1A 

NC 2 3 0 

1B 6 17 7 

1A 0 3 9 

 1086 

63.9% average balanced accuracy overall 1087 
 1088 

LLNA vs Human Statistics by Class: 1089 

 NC 1B 1A 

Sensitivity (%) 25.0 73.9 56.3 

Specificity (%) 92.3 45.8 90.3 

Balanced Accuracy (%) 58.7 59.9 73.3 
Note: Sensitivity is true positive rate, specificity is true negative rate, and balanced accuracy is average of sensitivity and specificity. 1090 
ITSv1 uses Derek Nexus in silico predictions. 1091 

90. The potency sub-categorisation performance of the high-confidence ITSv2 DA 1092 

predictions vs. human data was 72.6% averaged balanced accuracy overall, within-class ranges 1093 

of 69.0-79.4% balanced accuracy, 44.4-79.3% sensitivity, and 59.3-93.6% specificity 1094 

exceeding the performance of the LLNA in every measure. 1095 

3.2.8. Proficiency chemicals 1096 

91. The ITSv2 DA relies on a simple, rule-based data interpretation procedure and no 1097 

expert judgment is incorporated. Proficiency chemicals for the individual in vitro information 1098 

sources (KE 1 and 3) are defined in the respective guidelines (OECD TG 442C, 442E) (1, 2).  1099 



 

 

The protocol details for the in silico information source OECD TB are included in Annex 3 of 1100 

this guideline. Demonstration of proficiency for the individual information sources fulfils the 1101 

requirement for the demonstration of proficiency for the DA. 1102 

3.2.9. Reporting of the DA  1103 

92. The reporting of the ITSv2 DA should follow the template described in GD 255, and 1104 

should include at a minimum the following elements: 1105 

  Test chemical identification  1106 

  Individual test reports for the individual tests performed per corresponding guideline 1107 

(OECD TG 442C, 442E). 1108 

  Description of protocol used for in silico OECD TB prediction (Annex 3) and 1109 

outcome, e.g. reported via a QPRF. 1110 

  Outcome of the DA application (Hazard identification and potency classification 1111 

according to GHS categories) 1112 

  Any deviation from or adaptation of the ITSv2 DA 1113 

  Conclusion 1114 
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Annex 1: Prediction model for the individual tests with multiple runs  1160 

The individual prediction models of h-Clat and KeratinoSens require multiple runs. An adaptation 1161 

of the prediction model was used to determine borderline cases in the individual runs. These 1162 

adaptations (Figure A1 and A3) below should be used in these methods to come to the final 1163 

conclusion. 1164 

For the DPRA, revision of the guideline proposes to make repeated runs mandatory if average 1165 

depletion is 3 – 10%. For this adaptation, the prediction model in Figure A2 then does apply to 1166 

decide on run repetition and Borderline assessment. 1167 

Annex Figure 1.1. Prediction model for KeratinoSens adapted to conclude on Borderline results 1168 

 1169 

  1170 



 

 

Annex Figure 1.2. Prediction model for DPRA (mean depletion) adapted to incorporate multiple 1171 
run proposal and to conclude on Borderline results 1172 

 1173 
Annex Figure 1.3. Prediction model for h-CLAT adapted to conclude on Borderline results 1174 

 1175 
  1176 
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Annex 2. Protocol for Derek Nexus predictions 1177 

The following protocol may be used to generate predictions for skin sensitisation hazard using Derek Nexus 1178 

v.6.1.0 with Derek Knowledge Base (KB) 2020 1.0 to be used as the in silico information source for the ITSv1 1179 

defined approach. This protocol should be applicable to subsequent updates of Derek Nexus. 1180 

Protocol for generating predictions for skin sensitisation hazard using Derek Nexus v.6.1.0 with Derek 1181 

KB 2020 1.0 1182 

1. Running a prediction on a single chemical 1183 

1.1. Open Nexus 1184 

1.2. Input structure using one of the following options: 1185 

1.2.1. Input structure manually by drawing on the canvas 1186 

1.2.2. Go to File>Open Structure(s) to input a single structure from a file (.mol, .sdf, .smi, .csv, .cdx 1187 

(file list not exhaustive)) 1188 

1.2.3. Go to File>Type Chemistry to enter or paste SMILES, InChi or MOL file  1189 

1.2.4. Go to File>New Structure to input structure by drawing a structure 1190 

1.3. Set up prediction 1191 

1.3.1. Go to Prediction>Derek Prediction>Derek Prediction Setup 1192 

1.4. Apply processing constraints 1193 

1.4.1. Knowledge Bases 1194 

1.4.1.1. For Nexus v6.1.0, ensure Derek KB 2020 1.0 is selected 1195 

1.4.1.2. For newer releases, use the default Derek KB supplied 1196 

1.4.2. Perception 1197 

1.4.2.1. Ensure ‘Perceive tautomers’ and Perceive mixtures’ are selected 1198 

1.4.2.2. Ensure ‘Match alerts without rules’ is unselected 1199 

1.4.3. Species 1200 

1.4.3.1. Select ‘mammal’ 1201 

1.4.4. Endpoints 1202 

1.4.4.1. Click ‘Deselect all’ then expand ‘Skin sensitisation (ALL)’ to view 1203 

‘Photoallergenicity’ and ‘Skin sensitisation’. Select ‘Skin sensitisation’ 1204 

1.4.5. Structure properties 1205 

1.4.5.1. Ensure the ‘Overwrite’ box(es) for logP, logKp, and average molecular mass are 1206 

unselected to use the values calculated by Derek Nexus, otherwise, check the 1207 

‘Overwrite’ box(es) to input own values. 1208 

1.5. Generate prediction 1209 

1.5.1. Click ‘Start Prediction’ 1210 

1.5.2. If an alert is fired: Knowledge base, endpoint, species, reasoning level, alert fired, EC3 1211 

prediction (if applicable), and example matched (if applicable) are shown in the prediction 1212 

navigator. 1213 

1.5.2.1. Click the likelihood (CERTAIN, PROBABLE, PLAUSIBLE, EQUIVOCAL) to 1214 

view the reasoning rules leading to the likelihood level. 1215 

1.5.2.2. Click the Alert in the prediction navigator to view alert match(es), description image, 1216 

comments, validation comments, endpoint, references, patterns, and examples associated 1217 

with the alert. 1218 

1.5.2.3. Click the predicted EC3 (LLNA EC3) to view the alert domain and nearest 1219 

neighbours used to predict the EC3 value. 1220 

1.5.3. If no alert is fired, a negative prediction is generated: Knowledge base, endpoint, species and 1221 

negative prediction reasoning (NON-SENSITISER) and negative prediction overview 1222 

(absence or presence of misclassified and/or unclassified features) are shown in the prediction 1223 

navigator. 1224 



 

 

1.5.3.1. Click the negative prediction overview (‘No misclassified or unclassified features’, 1225 

‘Contains misclassified/unclassified features’) to view information about the negative 1226 

prediction. Similar nearest neighbours are available to view for misclassified features. 1227 

1.5.4. Use the Derek likelihood to classify each compound as positive or negative (alert fired with 1228 

CERTAIN, PROBABLE, PLAUSIBLE, or EQUIVOCAL is classified as positive, alert fired 1229 

with DOUBTED, IMPROBABLE, IMPOSSIBLE, or a negative prediction of NON-1230 

SENSITISER with no misclassified or unclassified features is classified as negative). 1231 

1.5.4.1. Negative predictions of NON-SENSITISER with misclassified and/or unclassified 1232 

features are of lower confidence and are not used in ITSv1. See Annex X for more 1233 

information. 1234 

1.5.4.2. In cases where more than one alert is fired or structures in a mixture generate 1235 

different likelihoods, the most conservative classification is applied (positive > 1236 

negative). 1237 

1.5.5. A positive outcome from Derek is scored as 1 and a negative outcome is scored as 0 in the 1238 

ITSv1. 1239 

 1240 

2. Running a prediction on a multiple chemicals 1241 

2.1. Open Nexus 1242 

2.2. Input structures 1243 

2.2.1. Go to File>Open Structure(s) to input a file containing multiple structures (.mol, .sdf, .smi, 1244 

.csv, .cdx (file list not exhaustive)) 1245 

2.2.2. Select the fields from the file which will be mapped to structure properties used during the 1246 

prediction (Name, Average Molecular Mass, LogP, LogKp). If left unchanged then the values 1247 

set by Derek will be used. 1248 

2.3. Set up batch prediction 1249 

2.3.1. Go to Prediction>Derek Prediction>Derek Batch Setup 1250 

2.4. Apply processing constraints 1251 

2.4.1. Knowledge Bases 1252 

2.4.1.1. For Nexus v6.1.0, ensure Derek KB 2020 1.0 is selected 1253 

2.4.1.2. For newer releases, use the default Derek KB supplied 1254 

2.4.2. Perception 1255 

2.4.2.1. Ensure ‘Perceive tautomers’ and Perceive mixtures’ are selected 1256 

2.4.2.2. Ensure ‘Match alerts without rules’ is unselected 1257 

2.4.3. Species 1258 

2.4.3.1. Select ‘mammal’ 1259 

2.4.4. Endpoints 1260 

2.4.4.1. Click ‘Deselect all’ then expand ‘Skin sensitisation (ALL)’ to view 1261 

‘Photoallergenicity’ and ‘Skin sensitisation’. Select ‘Skin sensitisation’ 1262 

2.4.5. Report configuration 1263 

2.4.5.1. Directory - Leave as default directory or map to preferred location. 1264 

2.4.5.2. Pick type - Select report for batch (left side icon) 1265 

2.4.5.3. Pick format - Select desired file type (e.g. Excel) 1266 

2.4.5.4. Pick design - Select desired design (e.g. Tabular Report) 1267 

2.4.5.5. Filename - input desired filename 1268 

2.4.6. Report display options 1269 

2.4.6.1. Ensure ‘Show predictions of at least IMPOSSIBLE’ is selected 1270 

2.4.6.2. Select ‘Show Negative Predictions’ 1271 

2.4.6.3. Select ‘Filter All Nearest Neighbours by Misclassified Features’  1272 
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2.4.6.4. De-select ‘Show Open Likelihood’ 1273 

2.4.6.5. De-select ‘Show Rapid Prototypes’ 1274 

2.5. Generate batch prediction 1275 

2.5.1. Click ‘Start Batch Prediction’ 1276 

2.5.1.1. Once the batch prediction is finished, select the ‘Open Report Directory’ when 1277 

prompted 1278 

2.5.2. Use the Derek likelihood to classify each compound as positive or negative (alert fired with 1279 

CERTAIN, PROBABLE, PLAUSIBLE, or EQUIVOCAL is classified as positive, alert fired 1280 

with DOUBTED, IMPROBABLE, IMPOSSIBLE, or a negative prediction of NON-1281 

SENSITISER with no misclassified or unclassified features is classified as negative). 1282 

2.5.2.1. Negative predictions of NON-SENSITISER with misclassified and/or unclassified 1283 

features are of lower confidence and are not used in ITSv1. See Annex X for more 1284 

information. 1285 

2.5.2.2. In cases where more than one alert is fired or structures in a mixture generate 1286 

different likelihoods, the most conservative classification is applied (positive > 1287 

negative). 1288 

2.5.3. A positive outcome from Derek is scored as 1 and a negative outcome is scored as 0 in the 1289 

ITSv1. 1290 

  1291 



 

 

Annex 3. Protocol for generating predictions for skin sensitization in the context of 1292 

defined approaches using OECD QSAR Toolbox v.4.4 1293 

 The following text describes the steps needed to make a computational prediction for skin 1294 

sensitization with the OECD QSAR Toolbox in the context of a defined approach for skin sensitization. It 1295 

is divided into three parts: 1296 

1. “The protocol” lists the steps that the Toolbox user needs to follow to obtain a result. 1297 

2. “Rationale and details of the protocol” gives additional information on the protocol. 1298 

3. “Description of the algorithm of the Automated workflow for skin sensitization” describes 1299 

the algorithm used in the automated workflow for skin sensitization. 1300 

The protocol 1301 

Step 1: Input the chemical in the “Input module”. 1302 

Step 2: Go to the “Data gap filling module” and click on “Automated” button. Select “DASS”. Select 1303 

the option for data usage – “EC3 from LLNA or Skin sensitization from GPMT assays”. The workflow will 1304 

run automatically. 1305 

Step 3: If a prediction is obtained, read from the data matrix in the Toolbox if the substance is predicted 1306 

as “positive” or “negative” for skin sensitization in vivo. Positive predictions are assigned a score of 1 in 1307 

the defined approach, negative predictions corresponds to a score of 0. If a prediction is not obtained, 1308 

continue with Step 4. 1309 

Step 4: Run the customized profiler “Skin sensitization for DASS”. Read the result from the Toolbox 1310 

data matrix. If any alert from the profiler is found, a score of 1 is assigned in the defined approach, “no 1311 

alerts” corresponds to a score of 0. 1312 

Rationale and details of the protocol 1313 

Step 1: a single chemical1 could be entered by CASRN or SMILES. In case of multiple results, the 1314 

user should select the correct substance.2 1315 

 1316 

1 A list with chemicals could be loaded for batch predictions but the input file needs to be prepared. The file could 1317 
be a text file containing only the CASRNs of the substances. In this case, during the opening the Toolbox will offer to 1318 
search for SMILES in the databases and the inventories. The other option is to prepare a “SMILES” file. This is a tab 1319 
delimited file with the CASRN, name and SMILES for each substance which need to be saved with the extension 1320 
*.smi. 1321 
2 The Toolbox assigns a score for the reliability of the “CAS/SMILES relation”. Users who are not sure of which 1322 
substance to select, could pick the one with the highest reliability score. 1323 
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Step 2: The AW for predicting skin sensitization can rely on experimental data from the Local Lymph 

Node Assay (LLNA) and/or Guinea Pig Maximization Test (GPMT). There are implemented three options 

for data usage in the AW: 

 LLNA data only 

 GPMT data only or 

 combined usage of LLNA and GPMT data. 

Different predictions could be obtained depending on the selected option for data usage. When it is 

applied for LLNA data only, the prediction is provided as EC3, %. When the GPMT data is used only, the 

prediction is “Positive” or “Negative” skin sensitizer. For the combined endpoint (LLNA and GPMT data), 

the prediction is provided again as “Positive” and “Negative” outcomes. The predicted result is obtained by 

applying the category approach and further read-across among closest analogues3. 

Application of the AW for skin sensitization with using the combined data (LLNA and GPMT) is 

proposed to be used in the DASS because it covers the largest chemical space, by relying on a larger set of 

data. 

Step 3. In case of successful prediction with the AW, the user could generate a prediction report. To 

do so, the user needs to go to the Report module; select the prediction in the data matrix; click Report button 

and then click Create report in order to generate a report. The report provides information about the profilers 

used during the workflow and the results obtained from each profiler. Also, it shows the number of 

analogues used for the prediction and how they are plotted in the data gap filling chart. The report could be 

generated only if there is a single target predicted by the SS AW. In case of batch mode application of the 

SS AW, report cannot be generated for any of the predictions. 

Lack of prediction from the AW could be due to lack of analogues with data, too little number of 

analogues remaining as a result of the sub-categorisations, or if the target substance is not a discrete chemical 

(i.e. the target substance is a mixture, UVCB, etc.). In this case, the system proceeds with step 4 of this 

protocol. 

Step 4. A customized profiler “DASS” is implemented in the Toolbox. The profiler combines 

application of the endpoint specific “Protein binding alerts for skin sensitization by OASIS” profiler with 

the Autoxidation and Skin metabolism simulators. Thus, it can identify the presence or absence of protein 

binding alerts in the parent chemical and predicted metabolites. It is available in the Profiling module, under 

the Custom profilers’ category. 

 

3 The details of the algorithm of the AW are explained under section “Description of the algorithm 

of the Automated workflow for skin sensitization” of this document. AW can also be ran on lists of 

chemicals. 



 

 

The DASS profiler is automatically applied on the structures, for which the AW falls to make a 

prediction. 

a. If protein binding alert (PBA) is identified in the parent chemical and/or in the predicted 

metabolites, then “Protein binding alert found” result appears for the target chemical. 

This result could be interpreted as positive prediction in the context of DA. Alerts are 

justified mechanistically. Documentation for each of the alert is available in the 

Toolbox. However, no report can be generated as such under the Report module of the 

Toolbox. 

b. If no PBA is identified in the parent chemical or in the predicted metabolites, then “No 

alert found” result appears for the target chemical. This result could be interpreted as 

negative prediction in the context of DA. No report can be generated for these. 

c. In case the target substance is a mixture, then more than one result is obtained (a result 

for each of the components). If results are same for all mixture components, then it is 

assigned to the mixture. If positive and negative results are profiled simultaneously (i.e. 

“Protein binding alert found” and “No alert found” result), then the worst-case scenario 

is taken and the positive result is assigned to the mixture. Documentation for each alert 

is available in the Toolbox. However, no report can be generated as such under the 

Report module of the Toolbox. 

In summary, the application of the SS AW combined with the DASS profiler resulted in the following 

outcomes: 

 Positive prediction – based on application of the SS AW by making use of read across – 

Score = 1 

 Negative prediction - based on application of the SS AW by making use of read across – 

Score = 0 

 Protein binding alert found – profiling result by the Customized profiler which could be 

interpreted as Positive prediction – Score = 1 

 No alert found - profiling result by the Customized profiler which could be interpreted as 

Negative prediction – Score = 0 
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Description of the algorithm of the Automated workflow for skin sensitization 

The aim of the SS AW is to predict skin sensitization effect based on LLNA and GPMT experimental 

data. It predicts skin sensitization by applying the category approach and selecting analogues based on 

structural characteristics found in the target chemical. It automatically collects the analogous chemicals and 

removes dissimilar chemicals by using relevant mechanistic and structure-based profilers. The metabolic 

activation is taken into account in the prediction. 

Three databases with skin sensitization experimental data are used in the SS AW - Skin sensitization 

(ECETOC), Skin sensitization and REACH Skin sensitization (normalized). 

There are two main branches of the logic of the SS AW: 

 Scenario 1 - PBA is found in the target chemical as parent or after (a)biotic activation. Schematic 

illustration of Scenario 1 is provided in Figure 1. 

 Scenario 2 - PBA is NOT found in the parent chemical nor in generated (a)biotic products. 

Schematic illustration of Scenario 2 is provided in Figure 2. 

The workflow starts with profiling of the target chemical with the endpoint specific “Protein binding 

alerts for skin sensitization by OASIS” profiler. 

Scenario 1. PBA(s) is identified in the target or in the predicted metabolites 

(Figure 1) 

Scenario 1 consists of three steps: 

 Step 1 - PBA(s) is identified in the target chemical. If no alert is found in the target chemical, the 

SS AW proceeds to Step 2. 

 Step 2 – PBA(s) is identified after abiotic activation of the chemical. If no alert is found in the 

parent chemical or generated autoxidation products, the SS AW goes to Step 3. 

 Step 3 – PBA(s) is identified after biotic activation of the chemical. If no alert is found in the 

parent chemical or generated skin metabolic products, the SS AW goes to Scenario 2. 



 

 

 
 

Annex Figure 3.1. Scenario 1. Algorithm of the automated workflow for skin sensitization when a PBA 

for skin sensitization (SS) is identified in the target or in its (a)biotic transformation products. 

 
1. Step 1 – PBA(s) is identified in the target chemical 

 

If PBA is identified in the target substance the SS AW defines the category by this alert(s), i.e. collects 

all chemicals sharing same alert from the selected databases which have LLNA and/or GPMT experimental 

data. In case, there are more than one alerts found simultaneously in the target and no analogues with data 

sharing same combination of alerts are available, then the SS AW proceeds with calculation of Alert 

performance in order to give preference for the alert which will be used in read across. Alert performance 

provides information for the number of positive chemicals sharing the same PBA. The alert with highest 

positive performance is selected for defining the category. 

a. The analogues with experimental data are collected and the SS AW enters in data gap filling by 

applying read-across; 

b. SS AW applies several sub-categorisations in order to remove dissimilar analogues - by 

“Substance type” and “Protein binding alerts for skin sensitization by OASIS” profilers. 
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c. If there are analogues after applied sub-categorisations, the prediction is accepted. In case no 

analogues remain, prediction will not be provided for the target chemical. 

If no alert is found in the parent chemical the SS AW goes to Step 2. 

 

2. Step 2 – PBA(s) is identified after abiotic activation of the chemical 

 

If no alert is identified in the target chemical, the SS AW applies profiling of the target by the endpoint 

specific “Protein binding alerts for skin sensitization by OASIS” profiler combined with the Autoxidation 

simulator. If alert(s) is (are) identified in the autoxidation products, the category is defined by “Protein 

binding alerts for skin sensitization by OASIS” accounting for the abiotic activation of the chemicals 

(Autoxidation simulator). In case there are more than one alerts found simultaneously for the metabolites of 

the target chemical and no analogues with data sharing same combination of alerts are available, then the 

SS AW proceeds with calculation of Alert performance for giving preference to the alert which will be used 

in read across. Alert performance provides information for the number of positive chemicals sharing same 

PBA. The alert with highest positive performance is selected for defining the category. 

a. The analogues with experimental data are collected and the SS AW enters in data gap filling by 

read-across; 

b. SS AW applies several sub-categorisations in order to remove dissimilar analogues - by 

“Substance type”, “Protein binding alerts for skin sensitization by OASIS”; “Protein binding alerts 

for skin sensitization by OASIS” in combination with Autoxidation simulator; “Protein binding 

alerts for skin sensitization by OASIS” in combination with Skin metabolism simulator; 

“Structural similarity” (remove all chemicals which are similar less than 50% similar to the target). 

c. If there are analogues after applied sub-categorisations, the prediction is accepted. In case no 

analogues remain, the prediction will not be provided for the target chemical. 

If no alert is found, the SS AW goes to Step 3. 

 

3. Step 3 – PBA(s) is identified after biotic activation of the chemical 

 

If no alert is identified in the target substance or in its autoxidation products, the SS AW applies 

profiling of the target by the endpoint specific “Protein binding alerts for skin sensitization by OASIS” 

profiler combined with the Skin metabolism simulator. If alert(s) is (are) identified in the skin metabolites 

products, the category is defined by “Protein binding alerts for skin sensitization by OASIS” accounting for 

the biotic activation of the chemicals (Skin metabolism). In case, there are more than one alerts found 

simultaneously for the metabolites of the target chemical and no analogues with data sharing same 

combination of alerts are available, then the SS AW proceeds with calculation of Alert performance for 

giving preference for the alert which will be used in read across. Alert performance provides information for 

the number of positive chemicals sharing same PBA. The alert with highest positive performance is selected 

for defining the category. 



 

 

a. The analogues with experimental data are collected and the SS AW enters in data gap 

filling by read-across; 

b. SS AW applies several sub-categorisations in order to remove dissimilar analogues - by 

“Substance type”, “Protein binding alerts for skin sensitization by OASIS”; “Protein 

binding alerts for skin sensitization by OASIS” in combination with Autoxidation 

simulator; “Protein binding alerts for skin sensitization by OASIS” in combination with 

Skin metabolism simulator; “Structural similarity” (remove all chemicals which are 

similar less than 50% similar to the target). 

c. If there are analogues after applied sub-categorisations, the prediction is accepted. In case 

no analogues remain, the prediction will not be provided for the target chemical. 

If no alert is found after Step 3 the SS AW goes to Scenario 2. 

Scenario 2. PBA(s) is NOT identified in the target neither in the predicted 

metabolites (Figure 2) 

 

 

Annex Figure 3.2. Scenario 2. Algorithm of the automated workflow for skin sensitization when a protein 

binding alert (PBA) for skin sensitization (SS) is not identified in the target neither in its (a)biotic 

transformation products 

1. If no PBA is identified in the target neither in the predicted metabolites (using Autoxidation and Skin 

metabolism), then the SS AW applies the structurally based profilers such as 
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“Organic functional groups”, “Organic functional groups, Norbert Haider”, “Organic 1 

functional groups (US EPA)”, “Aquatic toxicity classification by ECOSAR”, “US-EPA New 2 

Chemical Categories”. The primary group in Scenario 2 relies on the profiler which collects the 3 

highest number of analogues with data. 4 

2. The analogues with experimental data are collected and the SS AW enters in data gap filling by 5 

read-across; 6 

3. SS AW applies several sub-categorisations in order to remove dissimilar analogues - by “Substance 7 

type”, “Protein binding alerts for skin sensitization by OASIS”; “Protein binding alerts for skin 8 

sensitization by OASIS” in combination with Autoxidation simulator; “Protein binding alerts for 9 

skin sensitization by OASIS” in combination with Skin metabolism simulator; “Protein binding 10 

potency”, “Organic functional groups”, “Organic functional groups, “Norbert Haider”, “Organic 11 

functional groups (US EPA)”, “Structural similarity” (remove all chemicals which are similar less 12 

than 50% similar to the target). 13 

4. If there are analogues after applied sub-categorisations, the prediction is accepted. In case no 14 

analogues remain, prediction will not be provided for the target chemical. 15 

 16 

More details about the SS AW could be found in the paper: 17 

 18 

“Automated and Standardized Workflows in the OECD QSAR Toolbox” 19 
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