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Introduction Table 2. Relative Reliability Scores for Individual HPPTs

Figure 1. Decision Tree for Extrapolated GHS

Median-like Location Parameter Approach

Classifications

A critical challenge for evaluating non-animal approaches for chemical safety » The MLLP approach (Hoffmann et al. 2018) is summarized in Table 3. For the very few substances for which the classifications from the weight-of-

Relative

Number of

testing is identifying appropriate reference data. Reliability Score Description — . [ > 1 sensitized test subject . . . . evidence score, the MLLP approach, and/or MSPE approach disagreed, the
. . . (RRS) UEEIE No sensitized test subject < RS - Test re§ults W'th .NCM or NC/1B outcomes were |nc|gded as negatives if classifications were assigned, after discussion, by the OECD Expert Group
+  Although humans are the species of interest, animal data are often preferred ‘l’ \L tests with a positive outcome (1A, 1B, or 1) were available and the on Defined Approaches for Skin Sensitization
because they are more readily available, tests are standardized, and human T . T concentration applied in the ambiguous test was higher than or equal to '
testing may be viewed as unethical. thec:)r,?mear())/ g’ggﬁ_ information is available from CONC DSAL+ the median DSA1+ of the positive tests. «  We excluded 48/128 substances in the Cosmetics Europe database:
: % : . . " . .
* Human reference data are needed to evaluate alternative test methods in a - Substance identity (ﬁb} (ug/em?) — The substange was considered a sgpsitizer under GHSBlN. !f thg maijority — 14 with unclear or variable composition (e.g., jasmine absolute, oakmoss,
human-relevant manner. To this end, we collected historical human predictive . Testtype v A 4 of the unambiguous tests were positive; the GHSgy classification was NC etc.).
patch test (HPPT) data used for the assessment of skin sensitization and RRS =1: . - | ot of S >25 <25 na if the majority of the unambiguous tests were negative. If the number of _ 34 with no reliable HPPT data.
evaluated the data’s reliability. Highly reliable est concentration, volume and palch size, or a (15.1%) J positives and negatives was equal, the overall reference classification
direct statement regarding the dose per skin v v | M was 1. « The 80 remaining substances were classified in three different modes based
« Data judged to be sufficiently reliable were used to assign skin sensitization area DSA o , on GHS categories (Table 5).
potenjcy glassifications accosr/ding to the Globally Harmo?wized System of * Number of subjects tested (ug/cm?) >625 || 501-625 || na [] 376.500 || <375 — For GHS subcategorization (GHSg,5), ambiguous test results for
Classification and Labeling of Chemicals (GHS) (Table 1). « Number of subjects reacting subclassification (1) were excluded (in addition to the NC/1 and NC/1B
\lc <625 tests with concentrations that were too low).
*  We then applied this approach to assign skin sensitization potency RRS = 2: All information listed for RRS = 1 is available, but 5 625 or e . . e -
classifications to the 94 (out of 128) substances for which HPPT data were Sufficiently at least some information comes from secondary (333;19%) a - S;?Sjgl’cci::tl?Eewhjifsrg?;rr?sfel:s;gi;het:;)tzroa(:h shown in Table 3 after Table 5. HPPT Classification Results for 80 Substances
available in the Cosmetics Europe database. These classifications are being reliable references. ' | 9 9 ' from the Cosmetics Europe Database Using Three
used to evaluate non-animal defined approaches for a guideline under v . :
development by the Organization for Economic Cooperation and RRS = 3- All information listed for RRS = 1 is available, but ﬁ v v v A4 A4 Classification Modes for the GHS
Development (OECD). Reliable with at least some information has to be inferred, for 497 NC/1B NC/1 1B 1B+ POS 1A- 1A
. example, from publications by authors with (19.8%) . ; e o o
some uncertainty access to the primary reference na = not available _ i GHSg\: Binary Classification as Sensitizer or Not Classified
Table 3. MLLP Approach to Classification of Category 1 Sensitizers
RRS = 4- Not all relevant details are available (nor can they Each Su bstance Not Classified 8
- 0 . . T be inferred) to calculate dose per skin area and 112 (4.5%
Table 1. GHS Skin Sensitization POtency Categorles Partially reliable incidence.) g (4.5%) _ ] Classification Ambiguous (but substance is not Category 1A) 34
Evaluatlon Of Cosmetlcs Eu I'Ope Database TP G G Classification Mode GHS4 g: Classification as 1A Sensitizer, 1B Sensitizer, or Not Classified*
One of the following conditions applies to the Parameter (ug/cm?) GHSgys GHSgoroer Category 1A (strong) Sensitizers 13
GHS Category Induction Threshold for HPPT data: The Cosme’Fics Europe reference dgtabase of 128 SUbStan?eS (Ho.ﬁ.‘ma'nn etal. 2018) is <375 1A Category 1B (other than strong) Sensitizers 25
o N frifaral e s aveiells e crelbe dhe currently being used to evaluate defined approaches for skin sensitization assessments for a _ 1A N 5
1 Positive response with unknown dose per skin area (DSA) « The identity or composition of the test (23.3%) « Our current HPPT database included 555 HPPTs among 94 substances in the Cosmetics 500 < MLLP < 625 ClassiicatoninbigrosslbusebstancelijuotCaicg oAty 34
SU?Statn;e is not clear (as for natural oils or Europe reference database. We classified results from tests with RRS = 1-4, > 625 1 1B GHSgorpoer: Classification as 1A Sensitizer, 1B Sensitizer, Sensitizer with
extracts). ie . ,,*
. ; ; - o . ; Unclear Potency, Not Classified, Ambiguous
1A (strong) Positive response at DSA < 500 ua/cm? skin area e The test substance contains structurally diverse Substanc_es with rr_1u|t|ple non concordant result.s were classified by c_omblnlng the multiple NC/1B NA NA NC/1B
g p = Hg ; ; e ; results using a weight-of-evidence approach (Figure 3) and two median-based methods: the Category 1A (strong) Sensitizers 9
constituents and/or its composition is variable. ) ) - s
median-like location parameter (MLLP) (Hoffmann et al. 2018) (Table 3) and the median NC NC NC NC Category 1 Sensitizers (unclear potency)
5 . sensitization potency estimate (MSPE), a slightly modified version of the MLLP (Table 4). NA = not applicable gory P - .y
1B (other than strong) Positive response at DSA > 500 ug/cm? skin area The workflow is shown in Figure 2. Category 1B (other than strong) Sensitizers 22
+ Substances were classified in three different modes based on GHS categories: Not Classified 8
NC (not C|assified) No sensitization response . . . - GHSBlN: blnal'y C|aSSIflcatI0n as a SenSItlzer or nonsenSItlzer Classification Ambiguous (bUt substance is not Category 1A) 34
C|aSSIflcatI0n Of HPPT USlng EXtI'ap0|ated GHS — GHSgg: three classes, including 1A sensitizers, 1B sensitizers, and nonsensitizers. Medlan senS|t|Zat|On Potency Est|mate " For GHSgg, individual test results with 1A and 1A- are considered as 1A, and both 1B and

1B+ are considered as 1B.
" For GHSgorper, 1A- and 1B+ are considered as Category 1.

Classifications to |ncorporate Uncertainty —  GHSgorper: five classes, including the three classes used in GHSg g with different

criteria, 1 (subclassification not possible), and NC/1B (substance may or may not be a
sensitizer, but 1A can be ruled out).

Approach

« In HPPTSs, a substance is considered a skin sensitizer if at least one test
subject exhibits a sensitization reaction. Table 1 provides the GHS criteria for
Database classifying sensitizers as 1A (strong) and 1B (other than strong) sensitizers,
based on the dose per skin area (DSA) applied during induction. If the DSA is — NC/1 test results were excluded, but positive test results with no DSA1+
unknown for a positive response, a subcategory cannot be assigned, and the values were included in the median calculation.
+ The NTP Interagency Center for the Evaluation of Alternative Toxicological substance is classified as Category 1. Figure 2. Workflow for GHS Classification of —  The MSPE was calculated by sorting all values from low to high potency
Methods (NICEATM) and the German Federal Institute for Risk Assessment

. iy . “ ” H i th f ” i d
(BfR) collected HPPT data, mostly from the scientific literature. »  Testresults in our database were classified using “extrapolated” GHS Substances Using HPPT Data ' fhe ToToWing order
classifications. * NC — NC/1B — Numerical DSA1+ values > 500 pyg/cm? in

descending order — POS — Numerical concentration values < 2.0%

* The MSPE approach, a slightly modified version of the MLLP approach, is
summarized in Table 4.

Summary and Discussion

* We collated a large dataset of historical HPPT studies from the scientific
literature and analyzed the data for reliability.

+ New methodology was developed to explore the potential of these data to
classify chemicals using the GHS, including methodology to better account

— Most references were monographs on fragrance ingredients published by

the Research Institute for Fragrance Materials (RIFM) since the early — The applied DSA for a positive test was converted into a "DSA1+" value, ) in descending order. for uncertain/borderline cases.
19793 in Food and Chemical Toxicology (previously Food and Cosmetics the hyplotr;e::lcda IbDS[,)Aéx;oducgng efx actly.tc.) nedsens_ltlzte d test subject, which © SEere CEEN i reave reltaliy (Vele ) — When only positive tests were available and the number of 1A results * Following final processing, the entire NICEATM/BfR HPPT database will be
Toxicology). was caletiated By DSAINUMBET o Sensiiized SUbjects. Reliability J equaled that of 1B, the MSPE was “POS”. made available to the public in the Integrated Chemical Environment (ICE)
+ HPPT data were from two main study types: — Aside from a normalization of the test results, extrapolation compensates ~ database (https://ice.ntp.niehs.nih.gov/).
for the discrepancy between applied DSA and GHS cut-offs, where

. o “ . . ” , » Apply extrapolated GHS classification to each test result (Figure 1) with relative
applicable. In addition, “uncertainty/borderline zones” were introduced to o reliability score = 1-4 (Table 2).

account for the inherent uncertainty of classifications based on test results
close to the 1A/1B and 1B/NC borders.

— See Poster 2976 (Poster Board P607): NICEATM Computational Tools
and Resources Supporting Alternative Test Method Development and
Evaluation.

R Table 4 MSPE ApproaCh to CIaSSification Of = Wednesday, March 18, in Computational Toxicology II.
Each Substance — See ICE demonstrations at the National Toxicology Program Booth 1517

= 10:00 a.m - 12:00 noon, Monday, March 16, through Wednesday,
March 18.

* The database will also be donated to the OECD QSAR Toolbox
(https:/gsartoolbox.org).

— The human maximization test (HMT) includes a pre-treatment with
sodium lauryl sulfate for non-irritating test substances. Five 48 h
exposures are applied to a small group of subjects, usually 25.

— The human repeat insult patch test (HRIPT) applies approximately ten
24-72 h exposures to approximately 100 subjects. Note that HRIPTs
conducted by RIFM, after approval by an ethical review board, are not
hazard assessments, but confirmatory tests for no-observed-effect levels
obtained from other non-human tests.

» Calculate value from multiple test results to classify each substance (Figure 3,
Classify Tables 3 and 4).

Substances 4

— Figure 1 provides a decision tree for classification.

» Criteria for negative tests:

— Negatives tested at concentrations 225% were “not classified” (NC). This
concentration cutoff was selected because 99% of the positive results in
the database used concentrations less than this. Thus, substances were
not likely to be positive if tested at higher concentrations.

Classification Mode

Median Sensitization
Potency Estimate (ug/cm?) GHSg5 GHSgoroer

The current database of 2514 individual tests from approximately 1800
references was evaluated for reliability (Table 2) to mitigate the shortcomings
of the existing data.

<375 1A

— Negatives tested at concentrations <25% and producing a 375 = MSPE = 500

t , Figure 3. Weight-of-Evidence Approach to Classification of Each
DSA 2625 pg/cm? were classified as NC/1B, an ambiguous outcome that ) . POS
enables exclusion of a strong skin sensitization potential. Substance with Multlple Nonconcordant Tests 500 < MSPE < 625

Difficulties Using Human Predictive Patch — Negatives tested at <25% and producing a DSA <625 pg/ cm? were > 625
Test Dat considered NC/1, an ambiguous classification that provided no NC/1B
est Data

information on the skin sensitization potential of the chemical. Extrapolated Classification Mode NC

Classification
c-;HSBIN GHSSUB GHSBORDER

* Future publications about the entire HPPT database will:

— Describe collection and curation of the HPPT data.

— Characterize sources of uncertainty and variability in HPPT results.

— Consider practical uses, including classification and potency assessment
and how to use these data for dose-response analysis.

Individual Test Data Combined Chemical Classification

(Figure 1)

NA = not applicable

Criteria for positive tests:

1A 2 1.76-2 1A

1.51-1.75 b References

* No test guidelines were available; older tests were not standardized. _  Positives with DSA1+ <375 g/ cm? or >625 ug/cm? were classified as 1A

or 1B sensitizers, respectively.

1A- 1.75

* Documentation of test protocol and test outcomes is often poor.

POS 1.5
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assigned the borderline classification of 1A- because they suggested a

strong sensitization potential (1A) with some (non-quantifiable) likelihood
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assigned the borderline classification of 1B+ because they suggested
moderate sensitization potential (1B) with some (non-quantifiable)
likelihood of underclassification (i.e., classification as a weaker sensitizer
than it actually is).

— Negative results may be uncertain because the concentration tested may
have been too low to produce positive results.

NA = not applicable

"For GHSgg, individual test results with 1A and 1A- are considered as 1A, and both 1B and 1B+ are
considered as 1B.

— Positive test results may provide uncertain estimates of potency because
the concentration tested may have been higher than the concentration
needed for a threshold positive response.

To get announcements of NICEATM activities, visit the NIH mailing list
page for NICEATM News at https://list.nih.gov/cgi-
bin/wa.exe?SUBED1=niceatm-I&A=1 and click “Subscribe.”

— Positives for which a DSA1+ was not available were classified as positive " For GHSgopper, 1A-and 1B+ are considered as Category 1.

(POS) because subcategorization was not possible. NC/1 tests were excluded from the combined chemical classification.
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