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Preface

Allergic contact dermatitis (ACD) is an adverse health effect that frequently develops in
workers and consumers exposed to skin-sensitizing chemicals and products. ACD results in
lost workdays' and can significantly diminish quality of life (Hutchings et al. 2001; Skoet et al.
2003). To minimize the occurrence of ACD, regulatory authorities require testing to identify
substances that may cause it. Sensitizing substances must be labeled with a description of the
potential hazard and the precautions necessary to avoid development of ACD.

Skin sensitization testing has typically required the use of guinea pigs (Buehler 1965;
Magnusson and Kligman 1970). However, in 1998, the Interagency Coordinating Committee
on the Validation of Alternative Methods (ICCVAM) evaluated an alternative known as the
murine (mouse) local lymph node assay (traditional LLNA?). ICCVAM concluded that the
traditional LLNA provided several advantages over the commonly accepted guinea pig test
methods, including elimination of potential pain and distress, use of fewer animals, less time
to perform, and availability of dose-response information. I[CCVAM recommended the LLNA
as an alternative test method for assessing the skin sensitization potential of most types of
substances. United States and international regulatory agencies subsequently accepted the
traditional LLNA as a valid alternative test method for ACD testing.

In 2007, the U.S. Consumer Product Safety Commission requested that ICCVAM evaluate
several modifications of the traditional LLNA, * including the “reduced LLNA” (rLLNA), also
referred to as the “cut-down” or “limit dose” LLNA. ICCVAM assigned this activity a high
priority after considering comments from the public and ICCVAM’s Scientific Advisory
Committee on Alternative Toxicological Methods (SACATM). As part of their ongoing
collaboration with ICCVAM, scientists from the European Centre for Validation of Alternative
Methods and the Japanese Center for Validation of Alternative Methods served as liaisons to
the ICCVAM Immunotoxicity Working Group (IWG). A detailed timeline of the rLLNA test
method evaluation is included with this report.

This Test Method Evaluation Report provides ICCVAM’s recommendations regarding the
usefulness and limitations of the rLLNA for assessing the ACD potential of substances. When
deemed appropriate for use, the rTLLNA can reduce by 40% the number of animals used for
each test compared to the traditional LLNA. The report also provides the updated ICCVAM-
recommended LLNA test method protocol, which addresses the rLLNA procedure. The
database of substances used to validate the rLLNA is discussed and summarized.

ICCVAM carefully compiled and assessed all available data and arranged an independent
scientific peer review. ICCVAM and the IWG solicited and considered public comments and
stakeholder involvement throughout the rTLLNA evaluation process. The National Toxicology
Program Interagency Center for the Evaluation of Alternative Methods (NICEATM),
ICCVAM, and the IWG began the process by preparing a draft background review document
(BRD) describing the validation status of the rTLLNA test method, including its reliability and

" http://www.bls.gov/IIF

* The “traditional LLNA” refers to the validated ICCVAM-recommended LLNA test method protocol, which
measures lymphocyte proliferation based on incorporation of tritiated thymidine into the cells of the draining
auricular lymph nodes.

3 Available at http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA_nom.pdf
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accuracy for the substances evaluated, and draft test method recommendations for usefulness
and limitations. [CCVAM released these documents to the public for comment on January 8§,
2008, at which time ICCVAM also announced a meeting of the international independent
scientific peer review panel (Panel) (Federal Register 73 FR 1360™).

The Panel met in public session on March 4-6, 2008, to review the ICCVAM draft BRD for
completeness and accuracy. The Panel then evaluated (1) the extent to which the draft BRD
addressed established validation and acceptance criteria and (2) the extent to which the BRD
supported ICCVAM’s draft test method recommendations. Before concluding their
deliberations, the Panel considered written comments and comments made at the meeting by
public stakeholders. The final Panel report was made available to the public for comment on
May 20, 2008.

ICCVAM provided SACATM with the draft BRD and draft Test Method Evaluation Report,
the Panel report, and all public comments for discussion at their meeting on June 18-19, 2008,
where public stakeholders were given another opportunity to comment.

After SACATM’s meeting, ICCVAM considered the SACATM comments, the Panel report,
and all public comments before finalizing the ICCVAM Test Method Evaluation Report and
Background Review Document, which is provided as an appendix to this report. The
consolidated document will be provided to U.S. Federal regulatory agencies for consideration
and be made available to the public. The ICCVAM Authorization Act requires that Federal
agencies respond to ICCVAM within 180 days after receiving the ICCVAM test method
recommendations. Agency responses will be posted on the NICEATM—ICCVAM website’ as
they become available.

We gratefully acknowledge the many individuals who contributed to the preparation, review,
and revision of this report. We especially recognize the Panel members for their thoughtful
evaluations and generous contributions of time and effort. Special thanks are extended to

Dr. Michael Luster for serving as the Panel Chair and to Dr. Michael Woolhiser, Dr. Michael
Olson, and Ms. Kim Headrick for their service as Evaluation Group Chairs. We thank the IWG
for assuring a meaningful and comprehensive review. We especially thank Dr. Joanna
Matheson (Consumer Product Safety Commission) and Dr. Abigail Jacobs (U.S. Food and
Drug Administration Center for Drug Evaluation and Research) for serving as Co-Chairs of the
IWG. Integrated Laboratory Systems, Inc., the NICEATM support contractor, provided
excellent scientific and operational support, for which we thank Dr. David Allen, Mr. Thomas
Burns, Ms. Linda Litchfield, Mr. Michael Paris, Dr. Eleni Salicru, Ms. Catherine Sprankle, Dr.
Judy Strickland, and Ms. Linda Wilson; and Dr. Joseph Haseman, ILS consulting statistician,
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This comprehensive ICCVAM evaluation of the rLLNA should facilitate regulatory agency
decisions on the acceptability of the method. Following regulatory acceptance, use of the
method by industry can be expected to significantly reduce the number of animals required for
ACD testing while continuing to support the protection of human health.
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Executive Summary

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM)
evaluated the validation status of the reduced murine local lymph node sssay (tfLLNA), a test
method for assessing the potential of substances to cause allergic contact dermatitis (ACD).
ACD is an allergic skin reaction characterized by redness, swelling, and itching that can result
from contact with a sensitizing chemical or product. This Test Method Evaluation Report
provides ICCVAM’s recommendations regarding the usefulness and limitations of the rLLNA
as an alternative to the traditional murine local lymph node assay (LLNA). When deemed
appropriate for use, the rLLNA can reduce by 40% the number of animals used for each test
compared to the traditional LLNA. This report also includes the updated ICCVAM-
recommended LLNA test method protocol, the final rLLNA background review document
(BRD), and recommendations for future studies and performance standards.

The National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM), ICCVAM, and the ICCVAM Immunotoxicity Working
Group prepared a draft BRD and draft test method recommendations, which were provided to
an international independent scientific peer review panel (Panel) and the public for comment.
The BRD evaluated data from 471 traditional LLNA studies, including the 211 substances from
the 1998 ICCVAM evaluation of the traditional LLNA (ICCVAM 1999), and 246 from the
peer-reviewed literature and submissions to NICEATM in response to a May 17, 2007, Federal
Register request for comments (72 FR 278157). A detailed timeline of the rTLLNA test method
evaluation is included with this report.

The Panel met in public session on March 4-6, 2008, to discuss their peer review of the
ICCVAM draft BRD and to provide conclusions and recommendations on the current
validation status of the rLLNA test method. The Panel also reviewed how well the information
contained in the draft BRD supported ICCVAM’s draft test method recommendations. In
finalizing this Test Method Evaluation Report and the BRD, which is included as an appendix,
ICCVAM considered the conclusions and recommendations of the Panel and comments from
ICCVAM’s Scientific Advisory Committee on Alternative Toxicological Methods and the
public.

ICCVAM Recommendations: Test Method Usefulness and Limitations

ICCVAM concludes that the scientific validity of the rLLNA has been adequately evaluated
and that the performance of the r[LLNA, when conducted in accordance with the updated
ICCVAM-recommended LLNA protocol, is sufficient to distinguish between skin sensitizers
and non-sensitizers in cases that do not require dose-response information. ICCVAM also
concludes that, compared to the traditional LLNA, the rLLNA will reduce animal use by 40%
for each test. Accordingly, ICCVAM recommends that the rLLNA test method should be used
routinely to determine the ACD potential of chemicals and products before conducting the
traditional LLNA. Negative substances can be classified as non-sensitizers, and positive
substances can be classified as sensitizers.

In cases that require dose-response information, positive substances must be tested in the
traditional multiple-dose LLNA. Therefore, if dose-response information is required for a

7 Available at http:/iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7_ 9544 pdf
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substance that, after consideration of all available information, is also suspected of having the
potential to produce ACD, it should be evaluated initially using the traditional LLNA.

There is a small possibility of a false negative result (1.9% [6/318]) in the rLLNA compared to
the traditional LLNA. This information should be considered when evaluating results from the
rLLNA, and negative results should always prompt a weight-of-evidence evaluation of
supplemental information (e.g., possibility of downturn in response at the high dose, test results
with similar substances, peptide-binding activity, molecular weight, other testing data). If false
negative results are suggested, confirmatory testing in the traditional LLNA or another accepted
skin sensitization test method should be considered.

ICCVAM Recommendations: Test Method Protocol

The updated LLNA test method protocol recommended by ICCVAM is included as an
appendix to this report. In the traditional LLNA, at least three dose levels of each test substance
are evaluated. The rLLNA evaluates only the highest dose of the test substance along with the
concurrent vehicle- and positive-control groups. ICCVAM recommends testing only the highest
concentration, defined as the maximum soluble concentration that does not induce excessive
local irritation and/or overt systemic toxicity.

ICCVAM recommends that individual animal data should be collected in order to permit
identification and exclusion of outlier values that could cause false negative or false positive
results. Collection of individual animal data (versus pooled) also allows for statistical analysis
to determine whether the test-substance response is significantly different from that of the
vehicle control.

The ICCVAM-recommended LLNA test method protocol has been revised to require a
minimum of four animals per dose group. Data analysis indicated that reducing dose groups
from five animals to four is unlikely to significantly affect the results of an LLNA study.
Organisation for Economic Co-operation and Development (OECD) Test Guideline (TG) 429
for the LLNA currently requires at least five animals per dose group if individual animal data
are collected but only four animals in each dose group if lymph nodes from all animals in the
group are pooled into one sample for data collection (OECD 2002). To determine if these
requirements could be harmonized without diminishing accuracy, NICEATM evaluated data
from 83 LLNA studies (275 dose groups) from six different laboratories. This revision is
important because many national regulations and policies require that the minimum number of
animals be used for studies. Therefore, once TG 429 is updated with the revision, the
collection of individual animal data will be consistent with this requirement.

ICCVAM also recommends including a positive-control substance with each test to ensure that
all protocol procedures are conducted properly and all aspects of the test system work properly
such that they can produce a positive response. However, similar to OECD TG 429, the updated
ICCVAM-recommended LLNA test method protocol states that laboratories that conduct the
LLNA at least once per month and that have a history of and a documented proficiency for
obtaining consistent results with positive controls may consider testing positive control
substances at intervals of no more than six months.
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ICCVAM Recommendations: Future Studies

ICCVAM recommends additional studies to further characterize and potentially improve the
usefulness and applicability of the rTLLNA for identifying potential skin sensitizers.

* Additional efforts should be made to understand the basis for abnormal dose
responses for six substances in this evaluation that would have resulted in false
negative results using the rLLNA compared to the traditional LLNA. This
information should help identify ways to improve the accuracy of the r(LLNA
compared to the traditional LLNA. Efforts should also be made to identify data from
guinea pigs and humans for substances that exhibit abnormal dose responses in the
traditional LLNA. Information from post-marketing surveillance and/or
occupational exposures should be collected and assessed.

* All future traditional LLNA and rLLNA studies should collect individual animal
data. This will allow detection of outliers and avoidance of false negative results that
can occur from pooling data that include one or more abnormally low values.
Existing LLNA studies using data pooled from all animals in a dose group, such as
four of the six false negative rLLNA results in this evaluation, should be evaluated
further with data obtained from individual animals within each dose group to
determine if pooling of data may have led to false negative outcomes.

* Data from individual animals should be collected and analyzed to identify
opportunities to use fewer animals per dose group without compromising test
method accuracy. The updated ICCVAM-recommended LLNA test method protocol
incorporates statistical procedures necessary for such determinations. This includes
evaluating the laboratory’s historical positive-control database to determine if the
number of animals in the concurrent positive-control group can be reduced.

ICCVAM Recommendations: Performance Standards

The ICCVAM-recommended test method performance standards for the traditional LLNA® may
be used to evaluate the performance of modified test methods, including the rLLNA, that are
functionally and mechanistically similar to the traditional LLNA. Modified protocols for the
rLLNA that adhere to the traditional LLNA performance standards would be considered
acceptable for hazard identification purposes.

Validation Status of the rLLNA Test Method

ICCVAM (1999) compared the accuracy and reliability of traditional LLNA results to results
from guinea pig tests (EPA 2003) and results obtained from the human maximization test and
sensitizing substances included in human patch test allergen panels. ICCVAM concluded that
the LLNA was a valid alternative to currently accepted guinea pig test methods for most testing
situations and that the LLNA reduces the number of animals required for testing while also
refining the procedure by eliminating animal pain and distress. The LLNA was subsequently
accepted by U.S. regulatory agencies as an alternative to the guinea pig tests (e.g., Guinea Pig
Maximization Test and Buehler Test) for assessing the potential of substances to cause ACD.

¥ Available at http://iccvam.niehs.nih.gov/methods/immunotox/PerfStds/llna-ps.htm
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The only difference between the test method protocols for the traditional LLNA and the rLLNA
is the number of dose levels tested for a test substance. In the traditional LLNA, at least three
dose levels are tested for each substance, with the highest dose based on maximum solubility
and the avoidance of excessive local irritation and/or systemic toxicity. In contrast, only the
highest dose of a substance is tested in the rLLNA (Kimber et al. 2006). Because the criteria for
choosing the highest dose in the traditional LLNA and in the rLLNA are the same, the
maximum dose level tested in the traditional LLNA and that tested in the rLLNA should be the
same. Thus, the accuracy and reliability of the rLLNA test method should be similar for the
same substances tested in the traditional LLNA, although the accuracy was slightly different
based on available data described below.

Accuracy and Reliability of the rLLNA

The accuracy of the rLLNA for identifying potential skin sensitizers was compared to that of
the traditional LLNA. In the 471 traditional LLNA studies, 318 results were positive and

153 were negative. When studies in which substances were tested more than once in the same
vehicle were combined to yield an overall skin sensitization classification, 465 studies with
unique combinations of substances and vehicles were evaluated, with 315 classified as
sensitizers and 150 classified as non-sensitizers.

As shown in Table 1, compared to the traditional LLNA, the rLLNA has an accuracy of 98.7%
(465/471), a sensitivity of 98.1% (312/318), a specificity of 100% (153/153), a false positive
rate of 0% (0/153), and a false negative rate of 1.9% (6/318). When only unique combinations
of substances and vehicles are considered, the rLLNA has an accuracy of 98.7% (459/465), a
sensitivity of 98.1% (309/315), a specificity of 100% (150/150), a false positive rate of 0%
(0/150), and a false negative rate of 1.9% (6/315).

Table1  Performance of the rLLNA in Predicting Skin Sensitizers Compared to the
Traditional LLNA
False False
Data N Accuracy | Sensitivity | Specificity Positive | Negative
Kimber et al. (2006) 211 98.6% 98.2% 100% 0% (0/42) 1.8%
(208/211) (166/169) (42/42) (3/169)
rLLNA 471 98.7% 98.1% 100% 0% (0/153) 1.9%
(465/471) (312/318) (153/153) (6/318)
rLLNA 465 98.7% 98.1% 100% 0% (0/150) 1.9%
(substances repeated in (459/465) (309/315) (150/150) (6/315)
the same vehicle
considered together)

Abbreviation: N = number of tests
Accuracy = the percentage of correct outcomes (positive and negative) of a test method
Sensitivity = the percentage of all positive substances that are classified as positive
Specificity = the percentage of all negative substances that are classified as negative
False positive rate = the percentage of all negative substances that are falsely identified as positive
False negative rate = the percentage of all positive substances that are falsely identified as negative

Interlaboratory reproducibility of the rLLNA was assessed with traditional LLNA data for

five substances tested independently in the same vehicle at two or three laboratories:

dinitrochlorobenzene (DNCB), hexyl cinnamic aldehyde (HCA), linalool alcohol, methyl
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salicylate, and potassium dichromate. All studies classified DNCB, methyl salicylate, and
potassium dichromate as sensitizers or non-sensitizers (i.e., 100% concordance). HCA and
linalool alcohol, which were tested independently in two laboratories, were classified as
sensitizers by one traditional LLNA study and as non-sensitizers by the other study. Review of
these two studies indicates that the discordant results were due to differences in the highest
dose levels tested. However, because the rLLNA and traditional LLNA use identical protocols
and the data sets used to evaluate their accuracy are similar, the intra- and interlaboratory
reliability of the rTLLNA is deemed to be similar to that of the traditional LLNA.
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1.0 Introduction

The murine local lymph node assay (traditional LLNA®) is an alternative skin sensitization test
method that requires fewer animals and less time than currently accepted guinea pig tests (e.g.,
the Guinea Pig Maximization Test and the Buehler Test). It can also eliminate animal pain and
distress. The LLNA measures cell proliferation in the draining auricular lymph nodes of the
mouse by analyzing incorporation of a radioactive marker into newly synthesized DNA. The
LLNA was the first alternative test method evaluated and recommended by the U.S.
Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM).
International regulatory authorities have now recognized the traditional LLNA as an
acceptable alternative to guinea pig tests for most testing situations.

The reduced murine local lymph node assay (rLLNA), also referred to as the “cut-down” or
“limit dose” LLNA, was one of several modified versions of the LLNA nominated by the U.S.
Consumer Product Safety Commission (CPSC) for evaluation by ICCVAM and the National
Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological
Methods (NICEATM)." (The term “reduced LLNA” has been adopted in this document to be
consistent with the terminology used for this test method in Europe.) The proposed rLLNA
could reduce the number of animals used for skin sensitization testing by 40% for each test
compared to the traditional LLNA.

The ICCVAM Authorization Act of 2000 (Public Law 106-545, 42 United States Code 285/-3)
charged ICCVAM with coordinating the technical evaluations of new, revised, and alternative
test methods with regulatory applicability. After considering comments from the public and
ICCVAM’s advisory committee, the Scientific Advisory Committee on Alternative
Toxicological Methods (SACATM), ICCVAM members unanimously agreed that the rLLNA
should have a high priority for evaluation. A detailed timeline of the rLLNA test method
evaluation is provided in Appendix A. The updated ICCVAM-recommended LLNA test
method protocol, accompanying statistical evaluation, and final rLLNA background review
document (BRD) are provided in Appendices B, C, and D, respectively.

The ICCVAM Immunotoxicity Working Group (IWG) was formed to work with NICEATM in
evaluating the test methods. Dr. Silvia Casati was the European Centre for the Validation of
Alternative Methods (ECVAM) liaison, and Dr. Hajime Kojima was the Japanese Center for the
Validation of Alternative Methods (JaCVAM) liaison to the IWG.

To facilitate peer review of the validation status of the rTLLNA, the IWG and NICEATM, which
administers ICCVAM and provides scientific support for ICCVAM activities, prepared a
comprehensive BRD that provided information and data from validation studies and scientific
literature. A May 17, 2007, Federal Register (FR) notice (72 FR 27815'") requested data and
information on these test methods and nominations of individuals to serve on an international
independent scientific peer review panel (Panel). The request was also disseminated via the
ICCVAM electronic mailing list and through direct requests to over 100 stakeholders. Eight

® The “traditional LLNA” refers to the validated ICCVAM-recommended LLNA protocol (ICCVAM 1999;
Dean et al. 2001), which measures lymphocyte proliferation based on incorporation of tritiated thymidine into
the cells of the draining auricular lymph nodes.

12 Available at http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA_nom.pdf

' Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7 9544 pdf
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individuals submitted data and three individuals or organizations nominated members to the
Panel.

ICCVAM examined data from 471 traditional LLNA studies (318 sensitizers and 153 non-
sensitizers) representing 457 unique substances. [CCVAM built on a recent assessment of this
procedure by the ECVAM Scientific Advisory Committee (ESAC; ESAC 2007), which used
data from 211 traditional LLNA studies (211 unique substances) (Kimber et al. 2006). In an
April 2007 statement, ESAC concluded “that the peer reviewed and published information is of
a quality and nature to support the use of the rLLNA within tiered-testing strategies to reliably
distinguish between chemicals that are skin sensitisers and non-sensitisers...” (Appendix E)

On January 8, 2008, ICCVAM announced the availability of the ICCVAM draft BRD and a
public Panel meeting to review the validation status of the rLLNA (and other modifications to
the traditional LLNA) (73 FR 1360'%). The ICCVAM draft BRD and draft test method
recommendations were posted on the NICEATM-ICCVAM website."® All of the information
provided to the Panel and all public comments received prior to the Panel meeting were made
available on the NICEATM-ICCVAM website.

The Panel met in public session on March 4-6, 2008, to review the rLLNA’s validation status
and the completeness and accuracy of the ICCVAM draft BRD. The Panel evaluated (1) the
extent to which the draft BRD addressed established validation and acceptance criteria and

(2) the extent to which the BRD supported ICCVAM’s draft proposed test method uses,
recommended protocols, draft test method performance standards, and proposed future studies.
Interested stakeholders from the public were provided opportunities to comment at the Panel
meeting. The Panel considered these comments as well as those submitted prior to the meeting
before concluding their deliberations. On May 20, 2008, ICCVAM posted a report of the
Panel’s recommendations'* (see Appendix F) on the NICEATM-ICCVAM website for public
review and comment (announced in 73 FR 29136").

ICCVAM provided SACATM with the draft BRD and draft test method recommendations, the
Panel report, and all public comments for discussion at their meeting on June 18—-19, 2008,
where public stakeholders were given another opportunity to comment.

ICCVAM and the IWG considered the SACATM comments, the Panel report, and all public
comments when finalizing the test method recommendations provided in this report. As
required by the ICCVAM Authorization Act, [ICCVAM will make this Test Method Evaluation
Report and the accompanying final BRD available to the public and to U.S. Federal agencies
for consideration. Federal agencies must respond to ICCVAM within 180 days after receiving
ICCVAM test method recommendations. Agency responses will be made available to the public
on the NICEATM-ICCVAM website as they are received.

'2 Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7 25553 pdf

" http://iccvam.niehs.nih.gov/methods/immunotox/lina-panelDocs.htm

'* Available at http://iccvam.niehs.nih.gov/docs/immunotox_docs/LLNAPRPRept2008.pdf
' Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR-E8-11195.pdf
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2.0 ICCVAM Recommendations for the rLLNA Test Method

ICCVAM evaluated the validation status of the rLLNA test method as a reduction alternative to
the traditional LLNA. The rLLNA should be used for the hazard identification of skin-
sensitizing substances if dose-response information is not needed (e.g., for a compound
presumed to be a strong sensitizer), provided there is adherence to all other LLNA protocol
specifications as described in the updated [ICCVAM-recommended LLNA test method protocol
(available in Appendix B and at the NICEATM-ICCVAM website'®). To further reduce animal
use, the rTLLNA should be used routinely as an initial test to determine allergic contact
dermatitis (ACD) potential of chemicals and products before conducting the traditional LLNA.
Negative substances can be classified as non-sensitizers, and positive substances can be
classified as sensitizers.

Where dose-response information is required (e.g., for a compound presumed to be a weak or
borderline sensitizer), positive substances must be tested in the traditional multidose LLNA.
Accordingly, those substances for which dose-response information will be required and that
are also suspected of having allergic contact dermatitis potential following consideration of all
available information should be initially evaluated using the traditional LLNA.

2.1 ICCVAM Recommendations: Test Method Usefulness and Limitations

NICEATM and ICCVAM conducted a retrospective evaluation of tLLNA data to determine the
test method’s ability to distinguish between skin sensitizers and non-sensitizers. The
performance assessment for the 465 unique substance and vehicle combinations evaluated in
the study is provided in Section 3.0. Based on a review of the available data and comparison
with the traditional LLNA, the scientific validity of the rLLNA has been adequately evaluated.
ICCVAM concluded that, when conducted in accordance with the updated ICCVAM-
recommended LLNA test method protocol specifications included in Appendix B, the
rLLNA’s performance is sufficient to distinguish between skin sensitizers and non-sensitizers
when dose-response information is not required. This recommendation is based on its
performance compared to that of the traditional LLNA. ICCVAM also concludes that use of the
rLLNA can reduce by 40% the number of animals used for each test.

There is a small possibility of a false negative result (1.9% [6/318]) when compared to the
traditional LLNA. This information should be considered when evaluating results from the
rLLNA, and negative results should always be subjected to a weight-of-evidence evaluation of
supplemental information (e.g., possibility of downturn in response at the high dose, test results
with similar substances, peptide-binding activity, molecular weight, other testing data). If false
negative results are suggested, confirmatory testing in the traditional LLNA or another accepted
skin sensitization test method should be considered.

All of the testing limitations that apply to the traditional LLNA apply to the rTLLNA also. For
example, the r(LLNA may not be suitable for use with certain types of test substances, such as
nickel salts, mixtures, high-molecular weight compounds that cannot penetrate the stratum
corneum, strong dermal irritants, or chemicals whose pharmacodynamic activity is to release
dermal cytokines that cause local lymph node proliferation (e.g., certain pharmaceuticals such

' http://iccvam.niehs.nih.gov/docs/immunotox_docs/LLNAprotocol2008.pdf
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as imiquimod [Gaspari 2007]). Additionally, the rLLNA may not be suitable for test substances
that do not adhere for an acceptable period of time when applied to the dorsum of the ear.

Independent Peer Review Panel Conclusions and Recommendations

The Panel agreed that the available data support ICCVAM’s draft recommendation that the
rLLNA should be routinely recommended for hazard identification when dose-response
information is not required. The Panel also agreed that to further reduce animal use the rLLNA
should be routinely recommended as the initial test to identify sensitizers even if dose-response
information is required, because negative results would not require additional testing. This is
applicable in the occupational and public health setting in which obtaining hazard information
is of critical importance. Subsequent traditional LLNA testing of substances that were positive
in the r(LLNA will provide dose-response information to assure detection of hazardous
substances and allow potency estimates. The benefits of screening out the negatives, which do
not require dose-response information, are clear; however, the animal welfare gains will depend
on the proportion of test substances in any class that turn out to be non-sensitizers. The possible
consequences of delays from another round of testing of those materials identified as sensitizers
should also be considered.

The Panel agreed that the draft test method recommendations adequately addressed the low
false negative rate by giving cautionary and weight-of-evidence consideration to the negative
substances (and any possible false positive results). Furthermore, the Panel concluded that
interspecies differences between the animal model and humans would probably make the false
negative rate unimportant.

2.2 ICCVAM Recommendations: Test Method Protocol

ICCVAM recommends basing the protocol for rLLNA testing on the updated ICCVAM-
recommended LLNA protocol, which addresses the rTLLNA procedure (Appendix B). The only
difference between the traditional LLNA and the rLLNA test methods is that the middle- and
low-dose groups are omitted in the rLLNA. On the basis of Panel comments, [CCVAM updated
the traditional LLNA test method protocol to provide guidance on identifying the appropriate
maximum dose for testing. In the rLLNA, in addition to the concurrent vehicle and positive-
control groups, each test substance is tested at only one dose level (the high dose), whereas in
the traditional LLNA each test substance is tested at a minimum of three dose levels. The test
substance concentration should be the highest soluble concentration that does not induce overt
systemic toxicity and/or excessive local irritation. Any other approach, such as one based on a
pre-established threshold dose level, is inappropriate. For example, Kimber et al. (2006)
proposed a 10% threshold concentration at which all negative results would be considered
valid. However, 51 (16% [51/315]) of the test substances evaluated were non-sensitizers at
concentrations of at least 10%'’ but were sensitizers at higher concentrations.

In the traditional LLNA test method protocol, a stimulation index (SI) is calculated as the ratio
of the mean incorporation of *H-thymidine or '*I-iododeoxyuridine by the auricular lymph
nodes of the treated animals and that of the vehicle control animals. In the rLLNA, as in the
traditional LLNA, the threshold for classifying a substance as a skin sensitizer is an SI > 3.

'7 An initial dose was tested at 10% or greater and resulted in a stimulation index (SI) < 3, while a subsequent
higher dose resulted in an SI > 3.
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In the updated LLNA test method protocol (Appendix B), ICCVAM recommends collecting
individual animal data in order to allow identification and exclusion of outlier values that could
result in false negative or false positive results. This is especially important to help avoid false
negative results for weaker sensitizers (i.e., substances that induce an SI just above 3). The U.S.
Environmental Protection Agency (EPA) Health Effects Test Guideline 8§70.2600 (EPA 2003)
also requires the collection of individual animal data for the assessment of interanimal
variability and a statistical comparison of test- and control-group measurements. While the
Organisation for Economic Co-operation and Development (OECD) Test Guideline (TG) 429
(OECD 2002) allows for both the collection of individual animal measurements and the pooling
of the lymph nodes for each treatment group, the latter eliminates any measure of interanimal
variability and/or identification of outlier values, as well as statistical identification of a
positive/negative response.

OECD TG 429 requires that each dose group consist of at least four animals if pooled animal
data are collected and a minimum of five animals if individual animal data are collected (OECD
2002). To determine if the required number of animals for individual animal data collection
could be the same as the required number for pooled data without diminishing accuracy,
NICEATM evaluated data from 83 LLNA studies (275 dose groups) from six different
laboratories (Appendix C). This is important because most animal-use regulations require that
the minimum number of animals be used in studies, which currently results in many countries
collecting only pooled data because doing so requires fewer animals. This evaluation indicated
that a reduction in the sample size from five to four animals per group is unlikely to have a
significant impact on the results of an LLNA study; therefore, the ICCVAM-recommended
LLNA test method protocol (Appendix B) was revised to require a minimum of four animals
per dose group.

The updated ICCVAM-recommended LLNA test method protocol (Appendix B) also
recommends that each test include a concurrent positive-control substance. Use of a positive-
control substance can ensure that all protocol procedures are conducted properly and that all
aspects of the test system work properly such that they produce a positive response. However,
similar to OECD TG 429 (OECD 2002), the updated ICCVAM-recommended test method
protocol states that testing of the positive-control substance at intervals of no more than six
months may be considered in laboratories that conduct the LLNA at least once per month and
that have a history and a documented proficiency for obtaining consistent results with positive
controls.

Users should be aware that the decision to include a positive control only periodically instead of
concurrently could affect the adequacy and acceptability of negative study results generated
without a concurrent positive control. For example, if a false negative result is obtained in the
periodic positive-control test, all negative test-substance results obtained since the last
acceptable periodic positive-control test and the unacceptable periodic positive-control test
could be questioned. In order to demonstrate that the prior negative test-substance results are
acceptable, a laboratory could be expected to repeat all negative tests, which would require
additional expense and increased animal use.

Independent Peer Review Panel Conclusions and Recommendations

The Panel agreed with ICCVAM’s draft test method recommendations and recommended
adherence to the ICCVAM-recommended LLNA protocol (with modifications omitting the
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middle- and low-dose groups) for future rLLNA testing. The Panel also advised collecting
individual animal data for future studies because it would allow an estimate of interanimal
variability and conducting a statistical analysis to determine if the test substance is significantly
different from the control substance.

The Panel agreed that the current recommendation to select a maximum applied dose for the
rLLNA based on the absence of overt systemic toxicity and/or excessive local irritation is
appropriate. The Panel also agreed that the data did not support establishment of a uniform
concentration threshold for the maximum concentration to be tested. Thus, it seemed justifiable
that preliminary experimentation (as would be typically performed during a dose range-finding
study) should be conducted for vehicle selection, test substance solubility, and stability in the
vehicle.

2.3 ICCVAM Recommendations: Future Studies

ICCVAM recommends additional studies to further characterize and potentially improve the
usefulness and applicability of the rTLLNA for identifying potential skin sensitizers. For
instance, to improve the predictive performance of the rLLNA compared to the traditional
LLNA, ICCVAM recommends investigating the basis for abnormal dose responses for six
substances that would have resulted in false negative results using the rLLNA rather than the
traditional LLNA. This information should help identify ways to improve the accuracy of the
rLLNA compared to the traditional LLNA.

Efforts should also be made to identify data from guinea pigs and humans for substances like
these that exhibit abnormal dose responses in the traditional LLNA. Information from post-
marketing and/or occupational exposures should be collected and assessed.

ICCVAM recommends that all future LLNA studies should collect and analyze individual
animal data. This will allow detection of outliers and avoidance of false negative results that
can occur from pooling data that include one or more abnormally low values. Existing LLNA
studies using data pooled from all animals in a dose group, such as four of the six false negative
rLLNA results in this evaluation, should be evaluated further with data obtained from
individual animals within each dose group to determine if data pooling may have led to false
negative outcomes.

ICCVAM also recommends that users identify opportunities to use fewer animals per dose
group without compromising test method accuracy. Thus, laboratories conducting the LLNA
should collect and analyze data from individual animals. The updated ICCVAM-recommended
LLNA test method protocol includes statistical procedures necessary for such determinations
(Appendix B). This includes evaluating the laboratory’s historical positive-control database to
determine if the number of animals in the concurrent positive-control group can be reduced.

Independent Peer Review Panel Conclusions and Recommendations

The Panel indicated that, though limited in scope, the available data supported ICCVAM’s draft
test method recommendations for additional studies. The Panel agreed that attempts should be
made to investigate if maximum solubility was achieved (e.g., use of chemical-specific methods
to document solubility). For hazard assessment, it was troublesome that there were so many
vehicle choices, because the vehicle could have a significant effect on whether (and how much)
a test substance penetrated the skin barrier. Observed vehicle effects may relate to dermal
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penetration as well as to immunomodulation. The Panel considered it desirable to follow the
hierarchy of vehicles recommended in the ICCVAM-recommended LLNA protocol. The Panel
suggested that it might be informative to test both known mild and severe sensitizers
concurrently in all recommended vehicles to evaluate whether a specific vehicle choice(s)
might influence the results.

2.4 ICCVAM Recommendations: Performance Standards

ICCVAM developed performance standards for the traditional LLNA, which may in turn be
applied to the rLLNA."® These test method performance standards are proposed to evaluate
modified LLNA test methods that are functionally and mechanistically similar to the traditional
LLNA. Thus, modified rLLNA test method protocols that adhere to the LLNA performance
standards would be considered acceptable for hazard identification purposes.

'8 Available at http://iccvam.niehs.nih.gov/methods/immunotox/PerfStds/llna-ps.htm
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3.0 Validation Status of the rLLNA Test Method

The following is a synopsis of the information in the final ICCVAM BRD (Appendix D),
which reviews the available data and information for the rLLNA test method. The ICCVAM
BRD describes the current validation status of the rLLNA test method, including what is known
about its reliability and accuracy, the scope of the substances tested, and standardized protocols
used for the validation study.

3.1 Test Method Description

The purpose of the rLLNA test method is to identify potential skin sensitizers by quantifying
lymphocyte proliferation. The mechanistic basis is identical to that of the traditional LLNA,
which measures the magnitude of lymphocyte proliferation, which in turn correlates with the
extent to which sensitization develops after a topical induction exposure to a skin-sensitizing
substance.

With one exception, the technical aspects of the rTLLNA are identical to those of the traditional
LLNA (ICCVAM 1999). The traditional LLNA tests three dose levels of each test substance for
skin-sensitizing activity. In the rTLLNA, only one dose of the test substance is tested: the
concentration that provides maximum solubility without causing overt systemic toxicity and/or
excessive skin irritation (Kimber et al. 2006). Guidance for evaluating local irritation and
systemic toxicity in the LLNA is provided in the updated ICCVAM-recommended LLNA
protocol (Appendix B).

3.1.1 General Test Method Procedures

The rLLNA measures lymphocyte proliferation after topical exposure to a potential skin-
sensitizing substance. The test substance is administered topically on three consecutive days to
the ears of mice at a concentration that provides maximum solubility of the test substance
without systemic toxicity and/or excessive local irritation. Two days after the final application
of the test substance, *H-thymidine or '*’I-iododeoxyuridine (in phosphate-buffered saline; 250
pL/mouse) is administered via the tail vein. Five hours later the draining auricular lymph nodes
are excised, and a single-cell suspension from the lymph nodes of each animal is prepared for
quantifying the incorporation of radioactivity, which correlates with lymph node cell
proliferation.

The incorporation of radioactive *H-thymidine or '*’I-iododeoxyuridine for each mouse is
expressed in disintegrations per minute (dpm). The SI is calculated as the ratio of the mean
dpm/mouse for each treatment group against the mean dpm/mouse for the vehicle control
group. The threshold for a positive response is an SI > 3.

3.1.2 Similarities and Differences between the Protocols for the Traditional LLNA and the
rLLNA

As mentioned above, the only difference between the traditional LLNA (ICCVAM 1999) and
the rLLNA is that only one test substance dose is included in rLLNA, while three doses are
tested in the traditional LLNA. All other procedures are identical.
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3.2 Validation Database

Data were obtained from 11 different sources, including published reports and unpublished data
submitted to NICEATM in response to a May 17, 2007, FR notice (72 FR 27815'%). The
rLLNA database consisted of the results for the highest doses tested in these studies.

The resulting database consisted of 457 unique substances tested in a total of 471 traditional
LLNA studies (Table 3-1), 211 of which were included in the original ICCVAM evaluation of
the traditional LLNA (ICCVAM 1999). Fourteen of the 457 unique substances™ were repeated
from two to five times in different LLNA studies. Specifically, nine of the 14 substances were
evaluated two to five times in different vehicles, and five of the 14 substances were evaluated
two to five times in the same vehicle. Two of the five substances evaluated in the same vehicle
(hexyl cinnamic aldehyde [HCA] and potassium dichromate) were also tested using different
vehicles (one study for HCA and two studies for potassium dichromate). Due to the small
number of repeated studies (5% of total studies), all studies were treated independently for the
purpose of this accuracy evaluation. When the studies for the substances repeated in the same
vehicle were considered together to yield an overall skin sensitization classification, there were
465 studies with unique substance and vehicle combinations.

Table 3-1 provides the chemical class information for these test substances. The table
distinguishes the chemical classifications of the 211 substances included in the original
evaluation of the rLLNA (Kimber et al. 2006; ESAC 2007) and the chemical classifications of
the additional substances received in response to the FR notice. Of the 211 substances initially
evaluated by Kimber et al. (2006), the chemical classes with the greatest number of substances
were carboxylic acids (29) and halogenated hydrocarbons (27). Of the additional

246 substances included in this evaluation, the chemical classes with the greatest number of
substances tested were pharmaceutical chemicals (125), carboxylic acids (15), and lipids (14).
Of the substances included in this evaluation, 10 were formulations. Seventy substances could
not be assigned to a specific chemical class due to incomplete available information (e.g., the
lack of a Chemical Abstracts Service Registry Number or structure).

' Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7 9544 pdf

20 Some substances were tested in more than one vehicle. In such instances, each substance—vehicle
combination was considered separately, thus a total of 465 unique substance—vehicle combinations were used
in the performance evaluation.
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Table 3-1 Chemical Classes' Represented in the Current Traditional LLNA Database

Number of Number of Number of Number of
Substances - | Substances - Substances - | Substances -
Chemical Class Original’ Additional’ Chemical Class Original Additional
Alcohols 9 4 Inorganic 0 2
Chemicals
Aldehydes 21 4 Isocyanates 1
Amides 4 0 Ketones 5
Amidines 1 0 Lactones 2
Amines 14 7 Lipids 7 14
Anhydrides 1 0 Macromolecular 0 5
substances’
Carbohydrates 3 2 Nitriles 1 1
Carboxylic acids 29 15 Nitro compounds 2
Esters 3 0 Nitroso
compounds
Ethers 14 2 Onium compounds 1 0
Formulations® 0 10 Pharmaceutical 0 125
chemicals®
Heterocyclic 18 4 Phenols 18 2
compounds
Hydrocarbons, 2 1 Polycyclic 5 3
Acyclic compounds
Hydrocarbons, 14 7 Quinones 1 1
Cyclic
Hydrocarbons, 27 1 Sulfur compounds 20 2
halogenated
Hydrocarbons, 7 8 Urea 3 0
other
Imines 0 1 Unknown 28 42

Total number of substances assigned to chemical classes does not equal the total number of substances evaluated because
some substances were assigned to more than one class and some substances were not assigned to a specific chemical

class.

Number of substances - Original represents the substances evaluated in Kimber et al. (2006).

Number of substances - Additional represents the substances received in response to the released Federal Register notice
(72 FR 27815, May 17, 2007) available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7_9544 pdf.

No chemical class could be assigned. The terms “formulation” and “macromolecular substances” were used to classify these
substances.

The chemical classification of “pharmaceutical chemicals” for the GlaxoSmithKline (GSK) substances was suggested by Dr.
Michael Olson of GSK to capture three types of pharmaceutical substances (actives, intermediates, and starting materials).

3.3 Reference Test Method Data

The traditional LLNA data used for evaluation of the rLLNA include the results for all tested
doses of each substance. In addition to calculated SI values for each of the tested doses, the
vehicles tested and EC3 values (estimated concentration needed to produce an SI value of 3) for
substances classified as sensitizers were provided in Gerberick et al. (2005). The data received
in response to the May 2007 FR notice included calculated SI values for the vehicle and each of
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the tested doses. If EC3 values were not included in the data source, they were calculated,
where possible, using either interpolation or extrapolation (Dearman et al. 2007). This
information and the complete database (by each source) are provided in Annex III of the BRD
(Appendix D).

3.4  Test Method Accuracy

The ability of the rLLNA to correctly identify potential skin sensitizers was compared to that of
the traditional LLNA. Of the 471 studies, 318 detected skin sensitizers, and 153 detected non-
sensitizers. When studies of the substances tested more than once in the same vehicle were
considered together to yield an overall skin sensitization classification, 465 unique substance—
vehicle combinations resulted. Of these, 315 were identified as sensitizers and 150 as non-
sensitizers.

Based on the available study data, the rLLNA has an accuracy of 98.7% (465/471), a sensitivity
of 98.1% (312/318), a specificity of 100% (153/153), a false positive rate of 0% (0/153), and a
false negative rate of 1.9% (6/318) when compared to the traditional LLNA (Table 3-2). When
substances tested more than once in the same vehicle were considered together, the resulting
465 studies had an accuracy of 98.7% (459/465), a sensitivity of 98.1% (309/315), a specificity
of 100% (150/150), a false positive rate of 0% (0/150), and a false negative rate of 1.9%
(6/315).

This analysis of the rLLNA yielded six false negative results. A review of the data for these six
substances indicates that the traditional LLNA classification of the substances as skin
sensitizers was based not on the highest tested dose but on a low- or mid-dose level that
produced an SI > 3, while the highest dose tested produced an SI < 3. Because the rLLNA tests
substances at only the highest dose level, all six substances would be incorrectly identified as
non-sensitizers (i.e., false negatives). Four of the six substances that resulted in false negatives
using the rLLNA compared to the traditional LLNA came from LLNA studies that used pooled
data. There were no patterns of consistency for these substances with regard to physicochemical
properties.

12
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Table 3-2 Evaluation of the Performance of the rLLNA in Predicting Skin Sensitizers
Compared to the Traditional LLNA

False False
Data N Accuracy Sensitivity Specificity Positive Negative

Kimber et al. (2006) 211 98.6% 98.2% 100% 0% (0/42) 1.8%

(208/211) (166/169) (42/42) (3/169)
rLLNA 471 98.7% 98.1% 100% 0% (0/153) 1.9%

(465/471) (312/318) (153/153) (6/318)
rLLNA approach 465 98.7% 98.1% 100% 0% (0/150) 1.9%
(substances repeated in (459/465) (309/315) (150/150) (6/315)
the same vehicle
considered together)

Abbreviation: N = number of tests

Accuracy = the percentage of correct outcomes (positive and negative) of a test method

Sensitivity = the percentage of all positive substances that are classified as positive

Specificity = the percentage of all negative substances that are classified as negative

False positive rate = the percentage of all negative substances that are falsely identified as positive
False negative rate = the percentage of all positive substances that are falsely identified as negative

3.5  Test Method Reliability

The BRD assessed interlaboratory reproducibility of the rLLNA with traditional LLNA data for
five substances that had been tested independently in the same vehicle at multiple laboratories.
These five substances were dinitrochlorobenzene (DNCB), HCA, linalool alcohol, methyl
salicylate, and potassium dichromate. Table 3-3 summarizes the responses obtained by the
rLLNA. All studies classified DNCB, methyl salicylate, and potassium dichromate (3/5 = 60%)
as sensitizers or non-sensitizers (i.e., 100% concordance). HCA and linalool alcohol, which
were tested independently in two laboratories, were each classifed as a sensitizer by one
traditional LLNA study and as a non-sensitizer by the other traditional LLNA study. Review of
the studies indicates that the discordant results were due to differences in the highest dose levels
tested. However, because the rLLNA and traditional LLNA use identical protocols and the data
sets used to evaluate their accuracy are similar, the intra- and interlaboratory reliability of the
rLLNA is deemed to be similar to that of the traditional LLNA (see ICCVAM 1999 for these
statistics).

13
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Table 3-3 Interlaboratory Reproducibility of Skin sensitization Outcome for the rLLNA

rLLNA Dose rLLNA
Substance Data Source Vehicle (%)/SI Classification'
1-Chloro-2- Gerberick et al. (2005) A00 0.25/38.00 +
dinitrobenzene Data submitted by D. Germolec 0.25/7.10 +
Hexyl cinnamic Gerberick et al. (2005) A00 50/17.00 +
aldehyde Data submitted by H.W. Vohr 10/2.84 -
Gerberick et al. (2005) 100/8.30 +
Linalool alcohol Data submitted by D. Basketter, AOO 30/1.30 3
1. Kimber, and F. Gerberick )

Gerberick et al. (2005) 20/0.90 -

Methyl salicylate AOO
Data submitted by D. Germolec 20/1.72 -
Gerberick et al. (2005) 0.5/16.10 +
Potassium dichromate Data submitted by D. Germolec DMSO 0.25/3.39 +
Ryan et al. (2002) 0.5/10.10 +

Abbreviations: AOO = Acetone: olive oil; DMSO = Dimethyl sulfoxide; [LLNA = Reduced murine local lymph node assay;
SI = stimulation index

— = non-sensitizer, + = sensitizer

3.6 Animal Welfare Considerations: Reduction, Refinement, and Replacement

Compared to the traditional LLNA, the rLLNA will reduce the number of animals used to
assess skin sensitization. Becuse the rLLNA tests only the highest dose level of the test
substance in addition to the concurrent control groups, the number of animals tested would be
decreased by at least 40% for each test. Ryan et al. (2008) described the impact of reducing the
number of animals per group from five to two on the performance of the rLLNA and concluded
that such a small number of animals per group was inadequate for hazard identification of skin
sensitizers.
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4.0 ICCVAM Consideration of Public and SACATM Comments

ICCVAM received 27 public comments in response to four /R notices released between
May 2007 and May 2008 (see Appendix G). Comments received in response to or related to
the FR notices are also available on the NICEATM—ICCVAM website.”' The following

sections, delineated by FR notice, briefly discuss the public comments received.

4.1 Public Comments in Response to 72 FR 27815 (May 17, 2007): The Murine
Local Lymph Node Assay: Request for Comments, Nominations of Scientific
Experts, and Submission of Data

NICEATM requested the following:

1. Public comments on the appropriateness and relative priority of evaluation of the
validation status of

a. The LLNA as a stand-alone assay for determining potency (including
severity) for the purpose of hazard classification

b. The rLLNA approach
c. Non-radioactive LLNA methods
d. The use of the LLNA for testing mixtures, aqueous solutions, and metals

e. The current applicability domain

2. Nominations of expert scientists to consider as members of a possible peer review
panel

3. Submission of data for the LLNA and/or modified versions of the LLNA

In response to this /R notice, NICEATM received 17 comments. Six comments included
additional data and information, while two others offered data and information upon request.
Three nominated four potential panelists for consideration. Three commenters suggested
reference publications for consideration during the Panel evaluation. NICEATM provided the
data and suggested references to the Panel for evaluation.

Three comments remarked specifically on the rLLNA.

One commenter suggested rearranging the priority sequence of test method evaluation from
most to least pressing: a, e, d, b, and c (see list above). ICCVAM did not establish a relative
priority for these activities because they were all considered to be high-priority activities.
Accordingly, all LLNA-related activities described above were discussed at the March 2008
Panel meeting.

Another commenter noted that ESAC issued a statement supporting the use of the r(LLNA
“within tiered-testing strategies to reliably distinguish between chemicals that are skin
sensitisers and non-sensitisers” (Appendix E), thereby reducing animal use by as much as 50%.
The ESAC statement also notes the following limitations: “the test results provided by the
rLLNA do not allow the determination of the potency of a sensitising chemical” and “negative

*! Available at http:/ntp-apps.nichs.nih.gov/iccvampb/searchPubCom.cfm
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test results associated with testing using concentrations of less than 10% should undergo further
evaluation.” The commenter states that [CCVAM should (1) expeditiously review and endorse
the ESAC peer review and circulate harmonized testing recommendations regarding this assay
to U.S. agencies before the end of the year, and (2) NICEATM should collaborate with
ECVAM to address the question of concentration threshold.

As indicated in Section 1.0, ICCVAM and NICEATM collaborated with liaisons from ECVAM
and JaCVAM to update with 260 additional LLNA studies the Kimber et al. (2006) evaluation
upon which the ESAC statement was based. This comprehensive evaluation was expedited for
inclusion in the publicly transparent ICCVAM peer review process, which included the March
2008 Panel meeting.

A third commenter stated that ESAC considered the rLLNA to be scientifically validated but
only when used as a screening test to distinguish between sensitizers and non-sensitizers and
with due regard to the conditions set forth in the official ESAC statement of April 27, 2007.
This statement was based on the outcome of a review of LLNA data for 211 chemicals (Kimber
et al. 2006). The review of existing and newly provided LLNA data proposed by NICEATM—
ICCVAM therefore presents an ideal opportunity to assess further the validity of the rLLNA for
screening purposes. The ICCVAM test method recommendations detailed in Section 2.0
describe the usefulness and limitations of the rLLNA based on the comprehensive ICCVAM
evaluation of an expanded database of 471 LLNA studies.

4.2 Public Comments in Response to 72 FR 52130 (September 12, 2007): Draft
Performance Standards for the Murine Local Lymph Node Assay: Request for
Comments

NICEATM requested public comments on the initial ICCVAM-recommended draft LLNA
performance standards developed to facilitate evaluation of modified LLNA protocols with
regard to the traditional LLNA. In response to this FR notice, NICEATM received four
comments, two of which suggested clarifications to the text. Another recommended that test
substances chosen for testing in the various LLNA methods should be pure, with conclusive
structures, and should not be mixtures.

The ICCVAM review of the rLLNA, in which only the highest dose is used to assign a
positive/negative result for a test substance, was a retrospective evaluation of available LLNA
studies with which to compare the outcome of the traditional protocol (in which all doses are
considered and any positive result, regardless of concentration, can be used to establish a
sensitizing substance). Therefore, although the validation status of the LLNA for testing
mixtures is still under review, ICCVAM and NICEATM considered it appropriate to include all
available data in the evaluation of the rLLNA.

The fourth commenter addressed the rLLNA in general. The commenter supported the
development of performance standards that expedite the validation of new protocols similar to
previously validated methods but was disappointed that NICEATM—-ICCVAM has chosen to
develop performance standards for such a narrow scope of applicability (i.e., modifications of
the standard LLNA that involve incorporation of non-radioactive methods of detecting
lymphocyte proliferation). The commenter suggested that limited resources available to
NICEATM and ICCVAM would be better spent on activities that would have greater impact on
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the reduction, refinement, or replacement of animal use, such as evaluating the use of human
cell lines or one of the available in vitro skin models as a replacement for the LLNA.

ICCVAM considered the comment and concluded that the proposed modifications to the LLNA
protocol and expanded applications have significant potential to further reduce and refine
animal use. ICCVAM is also interested in in vitro models and non-animal approaches for
assessing allergic contact dermatitis; however, no in vitro replacements for the LLNA have yet
been nominated or submitted to ICCVAM for evaluation.

4.3 Public Comments in Response to 73 FR 1360 (January 8, 2008): Announcement
of an Independent Scientific Peer Review Panel Meeting on the Murine Local
Lymph Node Assay; Availability of Draft Background Review Documents;
Request for Comments

NICEATM requested public comments on the draft BRDs, draft ICCVAM test
recommendations, draft test method protocols, and revised draft LLNA performance standards
for an international independent scientific peer review panel meeting to evaluate modifications
and new applications for the LLNA. NICEATM received six comments in response to this FR
notice. Four commenters focused on the traditional LLNA and two commenters provided
comments specific to the rLLNA.

One commenter agreed with ICCVAM’s recommendation of the rTLLNA for hazard
identification purposes, noting that Kimber et al. (2006) did not propose a 10% concentration
threshold as the absolute cutoff for defining non-sensitizing chemicals. Gerberick et al. (2005)
showed that for some compounds tested the highest concentration was at least 20% and did not
induce a positive response at any concentration tested; these compounds were categorized as
non-sensitizing. Cockshott et al. (2006) reported that a negative result obtained with the highest
concentration tested at 10% would be considered a valid result if the positive control, a mild to
moderate sensitizer, gave a positive response (i.e., a chemical that is negative at a top
concentration of 10% does not represent a significant human sensitization hazard). This is
similar to the definition of a non-sensitizing chemical in the Guinea Pig Maximization Test
(GPMT) or Buehler Test as one that induces responses lower than 30% or 15%, respectively.
Therefore, if a chemical elicits positive responses in 20% or 25% of the test animals in a
GPMT, it would be considered a non-sensitizer from a regulatory perspective.

ICCVAM and the Panel agreed that the maximum applied dose for the rLLNA should be based
on the absence of overt systemic toxicity and/or excessive local irritation. The available data did
not support establishment of a uniform concentration threshold for the maximum concentration
to be tested.

Another commenter’s response referred first to the April 2007 ESAC statement:

“...supporting the use of the r(LLNA ‘within tiered-testing strategies to reliably
distinguish between chemicals that are skin sensitisers and non-sensitisers,” thereby
reducing animal use by as much as 50%. In spite of the ESAC recommendation,
ICCVAM conducted its own data call-in and data review. The reviewed database is
comprehensive and contains a broad cross-section of the chemical universe. The
performance characteristics were all above 95% (false negative and positive rates are
very low or zero). Even though this additional review was largely unnecessary, [the
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commenter was] pleased that ICCVAM’s draft recommendations concluded
favorably for the rLLNA procedure...”

The commenter urged the Panel to concur. As reflected in the Independent Scientific Review
Panel Assessment (Appendix F), the Panel generally agreed with ICCVAM’s test method
recommendations for the rLLNA, which have been updated to reflect comments from the Panel,
SACATM, and the public.

4.4 Public Comments in Response to 73 FR 29136 (May 20, 2008): Peer Review
Panel Report on the Validation Status of New Versions and Applications of the
Murine Local Lymph Node Assay (LLNA): A Test Method for Assessing the
Allergic Contact Dermatitis Potential of Chemicals and Products: Notice of
Availability and Request for Public Comments

NICEATM requested submission of written public comments on the Independent Scientific
Peer Review Panel Assessment. No comments were received in response to this FR notice.

4.5  Public and SACATM Comments: SACATM Meeting on June 18-19, 2008

The June 18-19, 2008, SACATM meeting included a discussion of the ICCVAM review of the
rLLNA test method.

There were no public comments specific to the rTLLNA.

One SACATM member concurred with the recommendation that the rTLLNA protocol should
discuss how to determine the maximum dose if only a single dose is to be used in a screening
process. An investigator must be able to define excessive irritation; otherwise, the testing may
produce a bell-shaped response curve. In response to this comment and the Panel’s
recommendation, I[CCVAM added to the updated LLNA test method protocol specific guidance
on how to determine the maximum concentration to be tested so as to avoid overt systemic
toxicity and/or excessive local irritation (Appendix B, Annex III).

Another SACATM member suggested that the rTLLNA appeared favorable because 100%
(153/153) of the non-sensitizing agents and 98.1% (312/318) of the sensitizing agents were
correctly predicted. ICCVAM agrees that this high level of agreement between the traditional
LLNA and the rLLNA supports routine use of the rLLNA as recommended by ICCVAM.
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January 10, 2007

ICCVAM receives a letter from the CPSC nominating six LLNA
review activities for evaluation,* including the reduced murine
local lymph node assay (rLLNA).

January 2007 The ICCVAM IWG is re-established to work with NICEATM to
carry out LLNA evaluations.
January 24, 2007 ICCVAM endorses the six CPSC-nominated LLNA review

activities, including evaluation of the rLLNA.

May 17, 2007

Federal Register notice (72 FR 27815) — The Murine Local
Lymph Node Assay: Request for Comments, Nominations of
Scientific Experts, and Submission of Data

June 12, 2007

SACATM endorses with high priority the six CPSC-nominated
LLNA review activities, including evaluation of the rTLLNA.

November 12-13, 2007

ECVAM Workshop on Alternative Methods (Reduction,
Refinement, Replacement)

January 8, 2008

Federal Register notice (73 FR 1360) — Announcement of an
Independent Scientific Peer Review Panel Meeting on the Murine
Local Lymph Node Assay; Availability of Draft Background
Review Documents; Request for Comments

March 4-6, 2008

Independent Scientific Peer Review Panel holds a public meeting,
with opportunity for oral public comments, at CPSC Headquarters
in Bethesda, MD, to discuss LLNA review activities, including
the rTLLNA. The Panel was charged with reviewing the current
validation status of the r(LLNA and commenting on the extent to
which the information in the draft BRD supported the draft
ICCVAM test method recommendations.

May 20, 2008

Federal Register notice (73 FR 29136) — Announcement of the
Peer Review Panel Report on the Validation Status of New
Versions and Applications of the Murine Local Lymph Node
Assay (LLNA): A Test Method for Assessing the Allergic
Contact Dermatitis Potential of Chemicals and Products: Notice
of Availability and Request for Public Comments®

June 18-19, 2008

SACATM public meeting for comments on the Panel report

October 29, 2008

ICCVAM endorses the TMER for the rLLNA test method, which
includes the final rLLNA BRD.

Abbreviations: BRD = Background review document; CPSC = U.S. Consumer Product Safety Commission;
ECVAM = European Centre for the Validation of Alternative Methods; ICCVAM = Interagency Coordinating
Committee on the Validation of Alternative Methods; IWG = ICCVAM Immunotoxicity Working Group;
LLNA = murine local lymph node assay; NICEATM = National Toxicology Program Interagency Center for
the Evaluation of Alternative Toxicological Methods; rTLLNA = Reduced murine local lymph node assay;

*2 http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA_nom.pdf
* http://iccvam.niehs.nih.gov/docs/immunotox_docs/LLNAPRPRept2008.pdf
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SACATM = Scientific Advisory Committee on Alternative Toxicological Methods; TMER = Test method
evaluation report
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Appendix B

ICCVAM-Recommended Protocol (Updated 2008)
The Murine Local Lymph Node Assay:** A Test Method for Assessing the Allergic
Contact Dermatitis Potential of Chemicals and Products

Annex I An Approach to Dissection and Identification of the Draining
(“Auricular”) Lymph Nodes.......ccccouvvvvvnmeriiiiciissssssnnneencccssssssssnsesesescssssnns B-15

Annex I  An Example of How to Reduce the Number of Animals in the
Concurrent Positive Control Group of the Local Lymph Node Assay ...B-19

Annex III Evaluating Local Irritation and Systemic Toxicity in the Local
Lymph NOde ASSAY ..ccceeiiiiiiiiivssnnneiiiccisssssssnsssnnscsssssssssssssssssssssssssssssssssssscs B-21

** Based on ICCVAM (1999) and Dean et al. (2001)
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Preface

The murine local lymph node assay (LLNA) is a test method developed to assess whether a
chemical has the potential to induce allergic contact dermatitis (ACD) in humans. In 1998,
the LLNA was submitted to the Interagency Coordinating Committee on the Validation of
Alternative Methods (ICCVAM) for evaluation as an alternative (i.e., stand-alone) test
method to the guinea pig (GP) sensitization tests accepted by U.S. regulatory agencies. In
1999, based on a comprehensive evaluation of the LLNA by an independent scientific peer
review panel (Panel),” ICCVAM concluded that the LLNA is an acceptable alternative to the
GP test methods to assess the ACD hazard potential of most substances (Dean et al. 2001).
The Panel also concluded that the LLNA offers animal welfare advantages compared to use
of the traditional GP methods, in that it provides for animal use refinement (i.e., elimination
of distress and pain) and reduces the total number of animals required. An ICCVAM
Immunotoxicity Working Group (IWG) reviewed the 1999 Panel report and developed
recommendations applicable to the regulatory use of the LLNA. The IWG then worked with
the National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) to produce a recommended test method protocol
(ICCVAM 2001)* that would accurately reflect the ICCVAM and Panel recommendations
(ICCVAM 1999).

In March 2008, ICCVAM and NICEATM convened an independent scientific peer review
panel (Panel) to evaluate new versions and applications of the LLNA. The Panel provided
conclusions and recommendations in their report, many of which were applicable to the
traditional LLNA test method protocol.”” ICCVAM subsequently considered the Panel’s
conclusions and recommendations, as well as comments from the Scientific Advisory
Committee on Alternative Toxicological Methods (SACATM) and public, and updated the
2001 ICCVAM-recommended LLNA test method protocol. The updated ICCVAM-
recommended LLNA test method protocol will be forwarded with the Panel’s report to
agencies for their consideration.

The updated ICCVAM-recommended test method protocol for the LLNA is based on
evaluation of previous experience and scientific data. It is provided to Federal agencies for
their consideration as a standardized test method protocol recommended for generation of
data for regulatory purposes. Prior to conducting a LLNA test to meet a regulatory
requirement, it is recommended that the appropriate regulatory agency be contacted for their
current guidance on the conduct and interpretation of this assay. Additional information on
the ICCVAM LLNA review process and deliberations of the Panel can be found at the
ICCVAM website (http://iccvam.niehs.nih.gov) or in the Panel report (ICCVAM 2008a).

We want to express our sincere appreciation to the ICCVAM IWG for their careful
deliberations and efforts in updating the LLNA test method protocol, and especially
appreciate the efforts of the Working Group Co-Chairs, Abigail Jacobs, Ph.D., from the U.S.
Food and Drug Administration and Joanna Matheson, Ph.D., from the U.S. Consumer
Products Safety Commission. We also want to acknowledge the outstanding support

* http://iccvam.niehs.nih.gov/docs/immunotox_docs/lIna/llnarep.pdf
%% http://iccvam.niehs.nih.gov/docs/immunotox_docs/llna/LLNAProt.pdf
*7 http://iccvam.niehs.nih.gov/docs/immunotox_docs/LLNAPRPRept2008.pdf
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provided by NICEATM and the Integrated Laboratory Systems, Inc., support staff. Lastly,
we appreciate the efforts of the Panel members for their diligent review, and the comments
provided by SACATM and numerous stakeholders, including the public.

William S. Stokes, D.V.M., D.A.C.L.A.M.

Rear Admiral/Assistant Surgeon General, U.S. Public Health Service
Director, NICEATM

Executive Director, [CCVAM

Marilyn Wind, Ph.D.
Deputy Associate Executive Director
Directorate for Health Sciences

U.S. Consumer Product Safety Commission
Chair, ICCVAM
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1.0  General Principle of Detection of Skin Sensitization Using the Local
Lymph Node Assay

The basic principle underlying the murine local lymph node assay (LLNA) is that sensitizers
induce proliferation of lymphocytes in the lymph node draining the site of substance
application. Under appropriate test conditions, this proliferation is proportional to the dose
applied, and provides a means of obtaining an objective, quantitative measurement of
sensitization. The test measures cellular proliferation as a function of in vivo radioisotope
incorporation into the DNA of dividing lymphocytes. The LLNA assesses this proliferation in
the draining lymph nodes proximal to the application site (see Annex I). This effect occurs as a
dose response in which the proliferation in test groups is compared to that in the concurrent
vehicle-treated control group. A concurrent positive control is added to each assay to provide an
indication of appropriate assay performance.

2.0 Description of the Local Lymph Node Assay

2.1 Sex and strain of animals

Young adult female mice (nulliparous and non-pregnant) of the CBA/Ca or CBA/J strain are
recommended.*® Females are used because most data in the existing database were generated
using mice of this gender. At the start of the study, mice should be age 8—12 weeks. All mice
should be age matched (preferably within a one-week time frame). Weight variations between
the mice should not exceed 20% of the mean weight.

2.2 Preparation of animals

The temperature of the experimental animal room should be 21°C (£3°C) and the relative
humidity 30%—-70%. When artificial lighting is used, the light cycle should be 12 hours light:

12 hours dark. For feeding, an unlimited supply of standard laboratory mouse diets and drinking
water should be used. The mice should be acclimatized for at least five days prior to the start of
the test (ILAR 1996). Mice should be housed in small groups unless adequate scientific
rationale for housing mice individually is provided (ILAR 1996). Healthy mice are randomly
assigned to the control and treatment groups. The mice are uniquely identified prior to being
placed in the study. The method used to mark the mice should not involve identification via the
ear (e.g., marking, clipping, or punching of the ear). All mice should be examined prior to the
initiation of the test to ensure that there are no skin lesions present.

2.3  Preparation of doses

Solid test substances should be dissolved in appropriate solvents or vehicles and diluted, if
appropriate, prior to dosing of the mice. Liquid test substances may be dosed directly (i.e.,
applied neat) or diluted prior to dosing. Fresh preparations of the test substance should be
prepared daily unless stability data demonstrate the acceptability of storage.

*¥ Male mice or other strains of mice may be used if it is sufficiently demonstrated that these animals perform as
well as female CBA mice in the LLNA.
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2.4 Test Conditions

2.4.1 Solvent/vehicle

The selected solvent/vehicle must not interfere with or bias the test result and should be selected
on the basis of maximizing the test concentrations while producing a solution/suspension
suitable for application of the test substance. In order of preference, recommended
solvents/vehicles are acetone: olive oil (4:1 v/v), N,N-dimethylformamide, methyl ethyl ketone,
propylene glycol, and dimethyl sulfoxide, but others may be used (Kimber and Basketter 1992).
Particular care should be taken to ensure that hydrophilic materials are incorporated into a
vehicle system that wets the skin and does not immediately run off. Thus, wholly aqueous
vehicles may need to be avoided. It may be necessary for regulatory purposes to test the
substance in the clinically relevant solvent or product formulation.

2.4.2 Controls

Concurrent negative (solvent/vehicle) controls should be included in each test to ensure that the
test system is functioning properly and that the specific test is valid. In some circumstances
(e.g., when using a solvent/vehicle not recommended in Section 2.4.1), it may be useful to
include a naive control. Except for treatment with the test substance, the mice in the negative
control groups should be handled in an identical manner to the mice of the treatment groups.

Concurrent positive controls are used to ensure the appropriate performance of the assay by
demonstrating that the test method is responding with adequate and reproducible sensitivity to a
sensitizing substance for which the magnitude of the response is well characterized. Inclusion
of a concurrent positive control is also important since it can confirm technical competence in
performing the test and can demonstrate intra- and interlaboratory reproducibility and
comparability. The positive control should produce a positive LLNA response (i.e., a
stimulation index [SI] > 3 over the negative control group). In particular, for negative LLNA
studies, the concurrent positive control must induce a SI > 3 relative to its vehicle-treated
control. The positive control dose should be chosen such that the induction is reproducible but
not excessive (i.e., SI > 20). Preferred positive control substances are hexyl cinnamic aldehyde
or mercaptobenzothiazole. There may be circumstances where, given adequate justification,
other positive control substances may be used.

Although the positive control substance should be tested in the same vehicle as the test
substance, there may be certain regulatory situations where it is necessary to test the positive
control substance in both a standard and a non-standard vehicle (e.g., a clinically/chemically
relevant formulation) to test for possible interactions.

Inclusion of a positive control with each test is recommended to ensure that all test method
protocol procedures are being conducted properly and that all aspects of the test system are
working properly such that they are capable of producing a positive response. However,
periodic testing (i.e., at intervals <6 months) of the positive control substance may be
considered in laboratories that conduct the LLNA regularly (i.e., conduct the LLNA at a
frequency of no less than once per month) and that have a history and a documented proficiency
for obtaining consistent results with positive controls. Adequate proficiency with the LLNA can
be successfully demonstrated by generating consistent results with the positive control in at
least 10 independent tests conducted within a reasonable period of time (i.e., less than one
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year). A positive control group should always be included when there is a procedural change to
the LLNA (i.e., change in trained personnel, change in test method materials and/or reagents,
change in test method equipment, change in source of test animals, etc.), and such changes
should be documented in laboratory reports. Consideration should be given to the impact of
these changes on the adequacy of the previously established historical database in determining
the necessity for establishing a new historical database to document consistency in the positive
control results. Users should be aware that the decision to only include a positive control on a
periodic basis instead of concurrently will have ramifications on the adequacy and acceptability
of negative study results generated without a concurrent positive control during the interval
between each periodic positive control study. For example, if a false negative result is obtained
in the periodic positive control study, all negative test substance results obtained in the interval
between the last acceptable periodic positive control study and the unacceptable periodic
positive control study will be questioned. In order to demonstrate that the prior negative test
substance study results are acceptable, a laboratory would be expected to repeat all negative
studies, which would require additional expense and increased animal use. These implications
should be carefully considered when determining whether to include concurrent positive
controls or to only conduct periodic positive controls. Consideration should also be given to
using fewer animals in the concurrent positive control group when this is scientifically justified,
as discussed below and in Annex II.

Benchmark controls may be useful to demonstrate that the test method is functioning properly
for detecting the skin sensitization potential of substances of a specific chemical class or a
specific range of responses, or for evaluating the relative skin sensitization potential of a test
substance. Appropriate benchmark controls should have the following properties:

* Structural and functional similarity to the class of the substance being tested
* Known physical/chemical characteristics
* Supporting data on known effects in animal models

* Known potency for sensitization response

2.5  Methodology

A minimum of four animals per dose group is recommended. The collection of lymph nodes
from individual mice is necessary in order to identify if any of the individual animal responses
are outliers (e.g., in accordance with statistical tests such as Dixon’s test). This will aid in
avoiding false negative results for weaker sensitizers (i.e., substances that normally would
induce an SI just above 3 might be incorrectly classified as negative due to a low outlier value,
because the resulting mean SI may be less than 3 if an outlier is not identified and excluded).
Individual animal measurements allow for the assessment of interanimal variability, a statistical
comparison of the difference between test substance and vehicle control group measurements,
and the evaluation of statistical power for different group sizes. Finally, evaluating the
possibility of reducing the number of mice in the positive control group is only feasible when
individual animal data are collected.

As noted above, concurrent negative and positive control groups should be included, unless a
laboratory can demonstrate adequate proficiency that would support the use of a periodic
positive control study. The number of mice in the concurrent positive control group might be
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reduced compared to the vehicle and test substance groups, if the laboratory demonstrates,
based on laboratory-specific historical data,*” that fewer mice can be used without substantially
increasing the frequency with which studies will need to be repeated. An example of how to
reduce the number of mice in the concurrent positive control group is provided in Annex II.

Test substance treatment dose levels should be based on the recommendations given in Kimber
and Basketter (1992) and in the ICCVAM Panel Report (ICCVAM 1999). Dose levels are
selected from the concentration series 100%, 50%, 25%, 10%, 5%, 2.5%, 1%, 0.5%, etc. The
maximum concentration tested should be the highest achievable level while avoiding excessive
local irritation and overt systemic toxicity (Annex III). Efforts should be made to identify
existing information that may aid in selecting the appropriate maximum test substance dose
level. In the absence of such information, an initial prescreen test, conducted under identical
experimental conditions except for not conducting an assessment of lymph node proliferative
activity, may be necessary. In order to have adequate information on which to select a
maximum dose level to use in the definitive test and to identify a dose-response relationship,
data should be collected on at least three test substance dose levels with two mice per dose
group, in addition to the concurrent solvent/vehicle control group.

The LLNA experimental procedure is performed as follows:

Day 1. Identify and record the weight of each mouse before applying the test
substance. Apply 25 uL/ear of the appropriate dilution of the test substance, or the
positive control, or the solvent/vehicle only, to the dorsum of both ears of each
mouse.

Days 2 and 3. Repeat the application procedure as carried out on Day 1.
Days 4 and 5. No treatment.

Day 6. Record the weight of each mouse. Inject 250 uL of sterile phosphate-
buffered saline (PBS) containing 20 uCi of tritiated (*H)-methyl thymidine or
250 uL PBS containing 2 uCi of 125I-iododeoxyuridine (**1U) and 10° M
fluorodeoxyuridine into each mouse via the tail vein (Kimber et al. 1995;
Loveless et al. 1996). Five hours later, each mouse is euthanized and the draining
(“auricular”) lymph nodes of both ears are collected and placed in PBS (one
container per mouse). Both bilateral draining lymph nodes must be collected (see
diagram and description of dissection in Annex I). A single-cell suspension of
lymph node cells (LNC) is prepared for each individual mouse. The single-cell
suspension is prepared in PBS by either gentle mechanical separation through
200-mesh stainless steel gauze or another acceptable technique for generating a
single-cell suspension. LNC are washed twice with an excess of PBS and the
DNA precipitated with 5% trichloroacetic acid (TCA) at 4°C for approximately
18 hours.

For the *H-methyl thymidine method, pellets are resuspended in 1 mL TCA and
transferred to 10 mL of scintillation fluid. Incorporation of *H-methyl thymidine

** A robust historical dataset should include at least 10 independent tests, conducted within a reasonable period
of time (i.e., less than one year), with a minimum of four mice per negative and positive control groups.
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is measured by f-scintillation counting as disintegrations per minute (dpm) for
each mouse and expressed as dpm/mouse. For the '*’IU method, the 1 mL TCA
pellet is transferred directly into gamma-counting tubes. Incorporation of '*IU is
determined by gamma counting and also expressed as dpm/mouse.

2.6 Observations

Mice should be carefully observed for any clinical signs, either of local irritation at the
application site or of systemic toxicity (Annex III). Weighing mice prior to treatment and at the
time of necropsy will aid in assessing systemic toxicity. All observations are systematically
recorded and records maintained for each individual mouse. Animal monitoring plans must
include criteria to promptly identify mice exhibiting systemic toxicity or excessive irritation or
corrosion of skin for euthanasia.

3.0 Calculation of Results

Results for each treatment group are expressed as the mean SI. Each SI is the ratio of the mean
dpm/mouse within each test-substance treatment group or the positive control treated group
against the mean dpm/mouse for the solvent/vehicle treated control group. However, the
investigator should be alert to possible outlier responses for individual mice within a group that
may necessitate analysis both with and without the outlier.

In addition to a formal assessment of the magnitude of the SI, a statistical analysis for presence
and degree of dose response may be conducted, which is possible only with the use of
individual animals. Any statistical assessment should include an assessment of the dose-
response relationship as well as suitably adjusted comparisons of test groups (e.g., pair-wise
dosed group versus concurrent solvent/vehicle control comparisons). Analyses may include, for
instance, linear regression, William’s test to assess dose-response trends, or Dunnett’s test for
pairwise comparisons. In choosing an appropriate method of statistical analysis, the investigator
should be aware of possible inequality of variances and other related problems that may
necessitate a data transformation or a non-parametric statistical analysis.

4.0 Evaluation and Interpretation of Results

In general, when the SI for any single treatment dose group is > 3, the test substance is regarded
as a skin sensitizer (Kimber et al. 1994; Basketter et al. 1996; ICCVAM 1999) and a test
substance not meeting this criterion is considered a non-sensitizer in this test. However, the
magnitude of the observed SI should not be the sole factor used in determining the biological
significance of a skin sensitization response. Additional factors that could be considered include
the outcomes of statistical analyses, the strength of the dose-response relationship, chemical
toxicity, and solubility. For instance, a quantitative assessment may be performed by statistical
analysis of individual mouse data and may provide a more complete evaluation of the test
substance’s ability to act as a sensitizer (see Section 3.0). Equivocal results (e.g., the SI does
not reach 3, but it is near 3 and there is a positive dose-response relationship) should be
clarified by performing statistical analysis, and by considering structural relationships, available
toxicity information, and dose selection.
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5.0 Data and Reporting

5.1 Data

Individual animal dpm data should be presented in tabular form, along with the group mean
dpm/mouse, its associated error term, and the mean SI (and associated error term) for each dose
group compared against the concurrent solvent/vehicle control group.

5.2 Test Report
The test report should contain the following information:

Test Substances and Control Substances

* Identification data and Chemical Abstracts Service Registry Number, if known

Physical nature and purity

Physiochemical properties relevant to the conduct of the study

Stability of the test substance, if known
e Lot number of the test substance
Solvent/Vehicle:

* Justification for choice of solvent/vehicle
* Solubility and stability of the test substance in the solvent/vehicle

Test Animals:

¢ Strain of mice used
* Number, age, and sex of mice

* Source, housing conditions, diet, etc.

Individual weight of the mice at the start and end of the test, including body
weight range, as well as mean and associated error term for each group

Microbiological status of the mice

Test Conditions:

* Concurrent and historical positive and negative (solvent/vehicle) control data
* Data from range-finding study, if conducted

* Rationale for dose-level selection

* Details of test substance preparation

* Details of the administration of the test substance

* Details of food and water quality

* Detailed description of treatment and sampling schedules

* Methods for measurement of toxicity

* Criteria for considering studies as positive, negative, or equivocal
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Results:

* Signs of systemic toxicity and/or local irritation
* Values for dpm/mouse for each mouse within each treatment group

* Mean and associated error term for dpm/mouse for each treatment group and
the results of outliner analysis for each dose group should be provided

* Calculated SI and an appropriate measure of variability that takes into account
the interanimal variability in both the test substance dosed and control groups

* Dose-response relationship
* Statistical analyses and method applied

* Concurrent and historical positive and negative (solvent/vehicle) control data as
established in the test laboratory

* Concurrent positive control data or, if not done, the date and laboratory report
for the most recent periodic positive control and a report detailing the historical
positive control data for the laboratory justifying the basis for not conducting a
concurrent positive control.

Discussion of the Results
Conclusion

A Quality Assurance Statement for GLP-compliant Studies

* This statement should indicate all inspections made during the study and the
dates any results were reported to the Study Director. This statement should
also confirm that the final report reflects the raw data.
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Annex I:
An Approach to Dissection and Identification of the Draining
(“Auricular”) Lymph Nodes

1.0 Background

Although minimal technical training of the murine local lymph node assay (LLNA) is required,
extreme care must be taken to ensure appropriate and consistent dissection of the lymph nodes.
It is recommended that technical proficiency in the dissection and identification of the lymph
nodes draining the ear be achieved by practice on mice that have been (a) injected with a
colored agent (dye) and/or (b) sensitized with a strong positive sensitizer. Brief descriptions of
these practice dissections are provided below. Recognizing that nodes from vehicle-treated and
naive mice are smaller, laboratories performing the LLNA must also gain proficiency in the
dissection of these nodes. It may be helpful for laboratories inexperienced in this procedure to
request guidance from laboratories that have successfully performed the LLNA.

2.0 Training and Preparation for Node Identification

2.1 Identification of the Draining Node — Dye Treatment

There are several methods that can be used to provide color identification of the draining nodes.
These techniques may be helpful for initial identification and should be performed to ensure
proper isolation of the appropriate node. Examples of such treatments are listed below. It should
be noted that other such protocols might be used effectively.

Evan’s Blue Dye treatment:

Inject approximately 0.1 mL of 2% Evan’s Blue Dye (prepared in sterile saline)
intradermally into the pinnae of an ear. Euthanize the mouse after several minutes
and continue with the dissection as noted below.

Colloidal carbon and other dye treatments:

Colloidal carbon and India ink are examples of other dye treatments that may be
used (Tilney 1971).

2.2 Identification of the Draining Node — Application of Strong Sensitizers

For the purpose of node identification and training, a strong sensitizer is recommended. This
agent should be applied in the standard acetone: olive oil vehicle (4:1). Suggested sensitizers for
this training exercise include 0.1% oxazolone, 0.1% (w/v) 2,4-dinitrochlorobenzene, and 0.1%
(v/v) dinitrofluorobenzene. After treating the ear with a strong sensitizer, the draining node will
dramatically increase in size, thus aiding in identification and location of the node.

Using a procedure similar to that described in the test method protocol, apply the agent to the
dorsum of both ears (25 ul/ear) for 3 consecutive days. On the fourth day, euthanize the
mouse. Identification and dissection (listed below) of the node should be performed in these
animals prior to practice in non-sensitized or vehicle-treated mice, where the node is
significantly smaller.
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Please note: Due to the exacerbated response, the suggested sensitizers are not recommended as
controls for assay performance. They should only be used for training and node identification
purposes.

3.0 Dissection Approach

3.1 Lateral Dissection (Figure B-1)

Although lateral dissection is not the conventional approach used to obtain the nodes draining
the ear, it may be helpful as a training procedure when used in combination with the ventral
dissection. Perform this approach bilaterally (on both sides of the mouse). After euthanizing the
mouse, place it in a lateral position. Wet the face and neck with 70% ethanol. Use scissors and
forceps to make an initial cut from the neck area slightly below the ear. Carefully extend the
incision toward the mouth and nose. Angle the tip of the scissors slightly upward during this
procedure to prevent the damage of deeper tissue. Gently retract the glandular tissue in the area
using the forceps. Using the masseter muscle, facial nerves, blood vessels, and the bifurcation
of the jugular vein as landmarks, isolate and remove the draining node (Figure B-1). The
draining node (“auricular”) will be positioned adjacent to the masseter muscle and proximal to
and slightly above the jugular bifurcation.

3.2 Ventral Dissection (Figure B-2)

The most commonly used dissection approach is from the ventral surface of the mouse. This
approach allows both right and left draining nodes to be obtained without repositioning the
mouse. With the mouse ventrally exposed, wet the neck and abdomen with 70% ethanol. Use
scissors and forceps to carefully make the first incision across the chest and between the arms.
Make a second incision up the midline perpendicular to the initial cut, and then cut up to the
chin area. Reflect the skin to expose the external jugular veins in the neck area. Take care to
avoid salivary tissue at the midline and nodes associated with this tissue. The nodes draining the
ear (“auricular”) are located distal to the masseter muscle, away from the midline, and near the
bifurcation of the jugular veins.

4.0  Accuracy in Identification

The nodes can be distinguished from glandular and connective tissue in the area by the
uniformity of the nodal surface and a shiny translucent appearance. Application of sensitizing
agents (especially the strong sensitizers used in training) will cause enlargement of the node
size. If a dye is injected for training purposes, the node will take on the tint of the dye.
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Figure B-1  Lateral Dissection
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Annex II:
An Example of How to Reduce the Number of Animals in the Concurrent
Positive Control Group of the Local Lymph Node Assay

As stated in the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) Murine Local Lymph Node Assay (LLNA) test method protocol (Section 2.4.2 of
Appendix B), a concurrent positive control is recommended to ensure the appropriate
performance of the assay. Appropriate performance is demonstrated when the test method
responds with adequate and reproducible sensitivity to a sensitizing substance for which the
magnitude of the response is well characterized. The number of mice in the concurrent positive
control group may possibly be reduced if the laboratory demonstrates, based on laboratory-
specific historical data, that fewer mice can be used without compromising the integrity of the
study (i.e., positive control results should be always be positive compared to the vehicle control
results). As illustrated in the example and accompanying explanation below, reducing the
number of animals in the positive control group is only feasible when individual animal data are
collected.

The stimulation index (SI) results for each positive control test can be used to generate mean SI
values for every possible combination of SI values for as few as two animals. The mean SI
values for every combination of numbers for each group size can then be used to calculate the
failure rate of the positive control for each group size (i.e., the percentage of the combinations
for which the mean SI < 3). Table B-1 provides an example of positive control results from
four tests in one laboratory of 30% hexyl cinnamic aldehyde (HCA) using six CBA/J mice per
group. In these tests, with six animals, HCA produced “borderline” positive results (i.e., the
mean SI values were marginally greater than 3). To determine whether the number of animals
can be reduced, sample size reductions (i.e., N =5, 4, 3, or 2) can be evaluated by taking all
possible samples from the six values for each test given in Table B-1, which can occur in the
following ways: N =2 (15 samples), N = 3 (20 samples), N =4 (15 samples), and N = 5 (six
samples).

Table B-1 Example of SI Results from Four Local Lymph Node Assay Positive Control

Studies with 30% HCA
Test 1 2 3 4
Animal 1 2.13 3.56 4.68 0.78
Animal 2 4.55 1.54 4.44 9.16
Animal 3 3.64 3.00 541 6.66
Animal 4 1.98 3.87 3.32 3.02
Animal 5 3.09 3.79 2.89 2.32
Animal 6 3.77 3.96 1.81 291
Mean SI 3.19 3.29 3.76 4.14

Abbreviations: HCA = hexyl cinnamic aldehyde; SI = stimulation index

The failure rate of the positive control was then calculated using the SI results for each group of
two, three, four, or five values to determine the likelihood of obtaining a mean SI < 3. The
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results for these four “borderline” HCA tests were then added to the results from an additional
12 robust positive control tests included in this laboratory’s historical database to determine the
overall likelihood of obtaining a mean SI < 3 for the positive control substance (Table B-2).
The failure rate reflects the frequency with which a positive control test will fail, which would
result in retesting the positive control and any concurrent test substances. Each laboratory is
encouraged to determine the lowest number of animals to use in the positive control group
based on the highest failure rate considered acceptable by the laboratory.

Table B-2 Example of Positive Control Failure Rate for 30% HCA Based on Data
Collected in Single Laboratory

Number of HCA HCA HCA HCA Results from | Overall Likelihood
Animals Test 1 Test 2 Test 3 Test 4 Other Tests' of a Mean SI <3
s 17% 0% 0% 0% 0% 1%
(1/6) (0/6) (0/6) (0/6) (0/72) (1/96)
4 27% 13% 0% 7% 0% 3%
(4/15) (2/15) (0/15) (1/15) (0/180) (7/240)
3 40% 30% 5% 20% 0% 6%
(8/20) (6/20) (1/20) (4/20) (0/240) (19/320)
5 47% 339%, 13% 40% 1% 9%
(7/15) (5/15) (2/15) (6/15) (1/180) (21/240)

Abbreviations: HCA = hexyl cinnamic aldehyde; SI = stimulation index
These represent 12 positive control studies in the same laboratory where all mice in the positive control

1

groups treated with 30% HCA produced an SI > 3.
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Annex III:
Evaluating Local Irritation and Systemic Toxicity in the Local
Lymph Node Assay

As noted in the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) Murine Local Lymph Node Assay (LLNA) protocol, at least three dose levels of a
test substance should be evaluated. The highest dose level tested should be a concentration of
100% (i.e., neat substance for liquid substances) or the maximum soluble concentration (for
solids), unless available information suggests that this concentration induces systemic toxicity
or excessive local irritation after topical application.

In the absence of such information, a prescreen test should be performed using three dose levels
of the test substance, in order to define the appropriate dose level to test in the LLNA. Six mice
(two per concentration) are used, and the prescreen is conducted under identical conditions as
the main LLNA study, except there is no assessment of lymph node proliferation. All mice will
be observed daily for any clinical signs of systemic toxicity or local irritation at the application
site. For example, observations might occur before and after treatment on Days 1, 2, and 3.
Body weights are recorded pre-test and prior to termination (Day 6). Both ears of each mouse
are observed for erythema (and scored using Table B-3). Ear thickness measurements are taken
using a thickness gauge (e.g., digital micrometer or Peacock Dial thickness gauge) on Day 1
(pre-dose), Day 3 (approximately 48 hours after the first dose), and Day 6.

Excessive local irritation is indicated by an erythema score >3 and/or ear swelling of >25%.

Table B-3 Erythema Scores

Observation Value

No visual effect 0

Slight erythema (barely perceptible) 1
Well-defined erythema 2
3

Moderate to severe erythema (beet redness)

Eschar (i.e., piece of dead tissue that is cast off
from the surface of the skin)

A 25% increase in ear swelling has been used as an initial step to identify substances that cause
a skin reaction due to an irritant response rather than sensitization (Reeder et al. 2007;
ICCVAM 2008b). A statistically significant difference from control animals has also been used
to delineate irritants from non-irritants in the LLNA (Hayes et al. 1998; Homey et al. 1998;
Woolhiser et al. 1998; Hayes and Meade 1999; Ehling et al. 2005; Vohr and Jiirgen 2005;
Patterson et al. 2007). While these statistical differences often occur when ear swelling is less
than 25%, they have not been associated specifically with excessive irritation (Woolhiser et al.
1998; Ehling et al. 2005; Vohr and Jiirgen 2005; Patterson et al. 2007). Additionally, an
adequately robust statistical comparison would require that a vehicle control group be included
and that more than two animals per group be tested. Both of these requirements would
substantially increase the number of animals used for this prescreen test. For this reason, a
threshold increase in ear swelling above pre-dosing levels is recommended for this prescreen
test.
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Test guidelines for assessing acute systemic toxicity recommend a number of clinical
observations for assessing systemic toxicity (OECD 1987; EPA 1998). The following
observations, which are based on test guidelines and current practices (ICCVAM in press), may
indicate systemic toxicity when used as part of an integrated assessment and therefore may
indicate that the maximum dose recommended for the LLNA has been exceeded:

* Clinical signs:

— Changes in nervous system function (e.g., piloerection, ataxia, tremors,
and convulsions)

— Changes in behavior (e.g., aggressiveness, change in grooming activity,
marked change in activity level)

— Changes in respiratory patterns (i.e., changes in frequency and intensity of
breathing such as dyspnea, gasping, and rales)

— Changes in food and water consumption

— Lethargy and/or unresponsiveness

— Any clinical signs of more than slight or momentary pain and distress
® Reduction in body weight >10% from Day 1 to Day 6
*  Mortality
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Appendix C

Evaluating the Impact of Reducing the Sample Size from Five to Four Animals per
Group on the Performance of the Ratio Rule of SI >3 in LLNA Testing
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1.0 Introduction

Test Guideline 429 issued by the Organisation for Economic Co-operation and Development
(OECD; OECD 2002) states that “A minimum of four animals is used per dose group, with a
minimum of three concentrations of the test substance, plus a negative control group treated
only with the vehicle for the test substance, and a positive control, as appropriate. In those
cases in which individual animal data are to be collected, a minimum of five animals per dose
group are used.” This analysis was undertaken to determine if the number of animals required
for individual animal data collection could be harmonized with that required for pooled data
without diminishing accuracy. This is important because most animal-use regulations require
that the minimum number of animals be used in studies, which currently results in only pooled
data being collected in many countries because it currently requires fewer animals.

Therefore, the issue under investigation in the evaluation that follows is the impact of
modifying the murine local lymph node assay (LLNA) test method protocol by reducing the
number of individual animals per group from 5 to 4. More specifically, the evaluation considers
how often this reduction in animal usage would have an impact on the overall LLNA outcome
when the decision criterion used to determine a sensitizer from a non-sensitizer is a stimulation
index (SI) greater than or equal to 3 (i.e., the “Ratio Rule”). Since the “true” underlying
sensitizer status for individual substances is generally not known, this investigation will focus
on the degree of disagreement rather than on which observed outcome is the “correct” one. This
evaluation focused primarily on the Ratio Rule, although the possible use of a formal statistical
test will also be considered.

The results of the following analyses indicate that a reduction in the sample size from 5 to 4
animals per group is unlikely to have any significant impact on the results of the LLNA test
when using the Ratio Rule. If using statistics, the power for detecting LLNA effects will be
reduced slightly when using 4 animals per group relative to using 5 animals per group.
However, the practical impact of this power difference may be minimal, in that the power
difference appears to be small for detecting effects above the Ratio Rule cutoff point of SI = 3.
Importantly, this analysis also indicates that a statistical test based on 4 animals per group will
identify more sensitizers than using the Ratio Rule based on 5 animals per group.

2.0 Methods

The database evaluated includes three different strains of animals: CBA, BALB/c, and B6C3F1.
This report evaluates in detail only the CBA database; the data from the other two strains are
summarized (Section 4.0 and Table C-7) and may be evaluated more definitively in due
course. The CBA database consists of 83 individual studies, each with three or four dosed
groups and a control group. There are not 83 distinct substances, because some substances are
tested in multiple studies. The number of individual animals per group in these studies ranged
from 2 to 9. There were a total of 277 dosed groups, two of which were excluded from the
agreement-disagreement analysis since there were only 2 or 3 animals per group. Study results
were evaluated on a dose-by-dose basis as well as on a study-by-study basis, recognizing that
the doses within a study used a common control group. Also, for certain labs, a common control
group was used for multiple substances.

For each study having 5 animals per group (i.e., N = 5), all possible random samples of size 4
(responses measured as disintegrations per minute [dpm] of a radiolabeled tracer compound)
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were taken from both the control and experimental groups (25 possible combinations), and the
results of the Ratio Rule were compared for each of the samples with that of the full data set of
5 animals. The level of agreement was then determined.

For those studies having more than 5 animals per group, a similar procedure was applied, but in
this case random samples were taken for both the N = 5 and N = 4 protocols, and there were far
more combinations of samples to deal with (8100 rather than 25). Once again, the level of
agreement between the N = 5 and N = 4 protocols were determined.

3.0 Results

Using the Ratio Rule criterion, the CBA mouse database consisted of a mix of sensitizers

(49 studies) and non-sensitizers (33 studies), with one study (discussed in more detail below)
producing a borderline effect. Table C-1 shows the frequency of the various SI values in the
275 usable (for agreement-disagreement analysis) dosed groups, together with the average
agreement seen between samples of N =5 and N = 4. As can be seen in the table, the
disagreement in study results is limited to SIs in the 2.1 to 4.7 range, with the disagreement
increasing as the SI approaches 3. The overall average agreement between N =4 and N =5
studies is quite good: 97.5%. Moreover, as discussed in more detail below, the disagreement in
outcome is due primarily to the inherent variability in the data (and the closeness of the SI to 3),
not to the reduction in sample size.

The individual study results for the CBA strain are summarized in Annex I.

Although the primary focus of this evaluation is on the Ratio Rule (i.e., SI > 3), it is possible
that a formal statistical test may be used in addition to (or possibly even in place of) the Ratio
Rule. For this reason, a simple Student’s ¢ test (based on the logged dpm data) was also used to
compare each dosed group with its concurrent control. The results of this analysis are
summarized in Table C-2. It is clear that using a formal statistical test will identify far more
“positives” than the Ratio Rule, i.e., statistical significance (p < 0.05) was achieved for some
dosed groups producing an SI well below 3. This matter is discussed in more detail below.
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Table C-1 Breakdown of Individual Dosed Group SIs: CBA Strain

Agreement between N =5 and

SI Frequency N = 4 samples
<2.1 154 100.00%
2.1-25 16 90.10%
2.6 2 85.00%
2.7 3 73.30%
2.8 2 64.00%
3.1 1 56.00%
3.2 2 55.50%
3.3 4 73.50%
34 1 88.00%
3.5 1 68.00%
3.6 1 84.00%
3.7 1 90.00%
3.8 1 100.00%
4.0-4.7 16 97.90%
>4.7 70 100.00%
Total 275 97.50%

Abbreviations: N = number of animals per dose group; SI = stimulation index

Table C-2 Distribution of Statistically Significant (p < 0.05) SIs: CBA Strain

Percentage of statistically significant
SI Frequency (p <0.05) SIs

<1.7 131 0.00%
1.7-1.9 23 52.20%
20-25 17 88.00%
26-3.0 7 85.70%

>3.0 1 100.00%

Total 277

Abbreviation: SI = stimulation index

4.0 Discussion

It was known in advance that the reduction in sample size from N =5 to N = 4 would have
essentially no impact on study results for “strong sensitizers” and for “clear non-sensitizers,”
and this is confirmed in Table C-1. What was not known was (1) how frequently such
outcomes are seen in practice; (2) the specific range of SI values in which some impact on study
outcome may be evident; (3) the magnitude of the impact for those studies having an SI close to
3; and (4) whether the disagreement in study outcome was due primarily to the reduction in
sample size or to the inherent variability in the data (and the closeness of the SI to 3). The
current investigation addresses all of these issues.

With regard to the first issue, for the CBA mouse database, only 34 of the 275 dosed groups
(12%) had less than 100% agreement between N = 5 and N = 4 outcomes. Thus, for most dosed
groups, the reduced sample size will not even be an issue when using the Ratio Rule.
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Moreover, the reduced sample size becomes an issue only for a relatively narrow range of

SI values. The range of SI values in this database producing less than 100% agreement was 2.1
to 4.7, but this may be somewhat misleading in that many studies in this range produced 100%
agreement (see Table C-1 and Annex I).

As the SI approaches 3, the disagreement between a sample of N =5 and N = 4 increases
notably (Table C-1). However, and this may be the single most important “take home” message
of this entire analysis, the disagreement is far more a function of the animal-to-animal
variability than it is to the reduction in sample size. That is, a second sample of 5 animals would
show almost the same level of disagreement with the first sample of 5 animals, as would a
sample of 4 animals. Thus, the reduction in sample size is a relatively small contributor to this
difference. This important concept is illustrated below with two examples from the CBA mouse
database, the first showing an SI of 2.8 (Table C-3), just below the Ratio Rule threshold of

SI = 3, the second showing an SI of 3.2 (Table C-4), just above the Ratio Rule threshold.

The first example is the high dose of the third hexyl cinnamic aldehyde study, which had an SI
of 2.8 for N = 6 (Table C-3). This is the one study noted above with a borderline effect. Since
N = 6, this required selection of samples of size 5 from both the control and dosed groups, and
some of these samples did not give the same result as that seen for the full six animal sample.
The results are summarized below and compared with the N = 4 strategy.

Table C-3 Example Showing Effect of Sample Size on Agreement of Results for a Test
Substance with SI = 2.8

One N =5 sample and

Two N =5 samples one N =4 sample
Agreement (SI> 3) 7.7% (10/36) (10/36) 10.5% (10/36) (85/225)
Agreement (SI < 3) 52.2% (26/36) (26/36) | 44.9% (26/36) (140/225)

Disagreement (one SI > 3; one SI < 3) | 40.1% (by subtraction) | 44.6% (by subtraction)

Abbreviations: N = number of animals per dose group; SI = stimulation index

As can be seen from these calculations (see also Annex I), the agreement between N = 5 and
N = 4 strategies is “only” 55%. However, the disagreement is not due primarily to a reduction
in sample size, since the agreement is very similar to that found for two N = 5 samples (60%).
In other words, only 4.5% of the observed 45% disagreement is due to the reduction in sample
size. The rest is due to the inherent variability among animals (and the closeness of the SI to 3)
that would be evident even if a second sample of size 5 were used.

The second example is the mid-dose of the dipropylene triamine study, which had an SI of 3.2
also for N = 6 (Table C-4). The results are summarized below and compared with the N = 4
strategy.
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Table C-4 Example Showing Effect of Sample Size on Agreement of Results for a Test
Substance with SI = 3.2

One N =5 sample and

Two N =5 samples one N =4 sample
Agreement (SI> 3) 56.25% (27/36) (27/36) |50.67% (27/36) (152/225)
Agreement (SI < 3) 6.25% (9/36) (9/36) 8.11% (9/36) (73/225)

Disagreement (one SI > 3; one SI<3) | 37.50% (by subtraction)| 41.22% (by subtraction)

Abbreviations: N = number of animals per dose group; SI = stimulation index

The results are very similar to those of the first example, in that most of the 41% disagreement
between the N = 4 sample and the N = 5 sample is due to the inherent variability of the data and
the closeness of the SI to 3, not to the reduction in sample size.

Another point that should be noted: in the instances in which there is disagreement, the N = 4
strategy may actually have a higher likelihood of producing an SI > 3 result than using a sample
of size 5. This occurs when the underlying SI is close to but below 3. For instance, consider the
first example given above in which the observed SI = 2.8. A sample of size 4 would have a 38%
chance (85/225) of producing an SI > 3 compared with only 28% (10/36) when using N = 5. In
that sense, N =4 could be regarded as having greater “power” than N = 5 for these data.

However, use of the Ratio Rule implicitly assumes that an SI less than 3 is biologically
unimportant and thus should not be detected. Thus, the increased likelihood of exceeding the
Ratio Rule criterion using N = 4 in the example above could be regarded as an increase in the
false positive rate, rather than an increase in power. Importantly, as N increases, the likelihood
of detecting SI = 2.8 by the Ratio Rule approaches zero, with maximum “power” occurring for
N=1.

However, some investigators may regard an SI of 2.8 as biologically important, especially if
seen at the top dose, as was the case in this study. Consequently, these investigators might
actually prefer the performance of N = 4 rather than N = 5 in this example. Of course, if SI <3
responses are considered important, it would make far more sense to carry out a formal
statistical test to detect them rather than using the Ratio Rule, which will likely not detect them.
Although not detected by the Ratio Rule, the SI = 2.8 effect noted above in the high dose hexyl
cinnamic aldehyde study is highly significant (p <0.01) by Student’s ¢ test.

Moreover, it is likely that this particular SI = 2.8 is a “real” effect, not only because it is highly
significant statistically, but also because in four other studies with this compound, the SIs
produced for this dose were 2.2, 4.1, 4.2, and 6.6, with higher doses producing even greater
effects (see Annex I). Without these additional studies, it is possible that this effect would be
“missed” since SI = 2.8 does not satisfy the Ratio Rule criterion of SI > 3, and without
individual animal data, it would not be possible to determine whether or not this effect was
statistically significant. This is another illustration of the value of individual animal data and
also the value of using a formal statistical test. It also shows that in some cases a sample of

N =4 is actually more likely to produce the “correct” conclusion than N = 5 when using the
Ratio Rule.
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As can be seen in Table C-2, a formal statistical test will identify as statistically significant (p <
0.05) many responses that would not be detected by the Ratio Rule. In some cases, statistical
significance is achieved for SI values as low as 1.7 (see Annex I and Table C-2). Normally,
this “increased power” would be considered very desirable, but apparently it is possible that
certain Sls in the 1.7 to 3.0 range, while truly different from controls, may be reflecting
“irritation” rather than a true sensitizing effect, and thus may not be indicative of a meaningful
human risk. Discussion of this matter is beyond the scope of this investigation, but it is logical
to assume that since the Ratio Rule is widely used for LLNA data, while a formal statistical test
is not, there must be concern that a formal statistical test will produce too many “significant
effects” for Sls in the 2 to 3 range. That is, SIs below 3 may be statistically significant and
reflect “real” dosed group effects, but responses in this range are considered biologically
unimportant. As can be seen in Table C-2, most of the SIs in the 2 to 3 range are in fact
statistically significant. Use of the Ratio Rule also implicitly assumes that false positives are
more important than false negatives.

Any consideration of statistical power must take into account the variability in response among
animals. To illustrate this, consider the 17 CBA mouse studies carried out at BASF (see

Table C-11 in Annex I). The mean control dpm response across these 17 studies was 552.3.
The mean standard deviation (SD; based on the logged dpm responses) among the control
animals was 0.4077. Based on this information, we can carry out a power calculation, which is
summarized in Table C-5.

To explain further: Power is primarily a function of (1) the magnitude of the difference between
the dosed and control groups, (2) the underlying variability among animals, and (3) the sample
size. In the table below, “difference” is the size (on a log scale) of the “fold increase” that is to
be detected. The SD is the assumed underlying standard deviation among animals (on a log
scale) as determined by the data from BASF (see Table C-11 in Annex I). This SD is assumed
to be the same in the dosed and control groups, an assumption consistent with the data from
multiple labs obtained to date. Delta is the standardized (by SD) difference to be detected and is
the key input variable into the power calculation program. The power calculations given below
are based on a two-sided Student’s ¢ test, and assume an underlying normal distribution for the
logged data. The specific power calculations were taken from
http://www.danielsoper.com/statcalc/calc49.aspx. In this program “Cohen’s d” is just the
standardized difference, Delta. This is a very simple program to use, and alternative power
calculations can easily be made.
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Dosed Group Increase Relative to Controls

3.5-fold 3-fold 2.5-fold 2-fold
Assumed control response 552.3 552.3 552.3 552.3
Log (Control response) 6.314 6.314 6.314 6.314
Dosed group response 1933.05 1656.90 1380.75 1104.60
Log (Dosed group response) 7.567 7.413 7.230 7.007
Difference (log scale) 1.253 1.099 0.916 0.693
Assumed SD (log scale) 0.4077 0.4077 0.4077 0.4077
Delta = Difference/SD 3.07 2.70 2.25 1.70
Power for N=5 99.0% 96.4% 87.9% 65.8%
Power for N =4 95.7% 89.8% 76.8% 53.0%

Abbreviations: N = number of animals per dose group; SD = standard deviation

From these calculations, the conclusion is that if the underlying variability among control
animals is similar to that seen in an average BASF study, then there is an excellent chance that
an underlying SI of 2.5 will be detected as statistically significant (p < 0.05), although this
likelihood is higher for N =5 (87.9%) than for N =4 (76.8%). This power calculation is also
consistent with the empirical results summarized in Table C-2. An underlying SI of 2.5 would
almost certainly not be detected by the Ratio Rule, nor would one want it to be detected, since
use of the Ratio Rule implicitly assumes that such an effect is of no consequence, as noted

earlier.

From the website given above, a general power curve can be constructed for N =5 and N = 4
by specifying different values of Delta, which could reflect different “-fold increases (i.e., SI
values),” different underlying variabilities, or a combination of these two factors. Such power
comparisons are summarized below in Table C-6 and Figure C-1 and include the four from

Table C-5.
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Table C-6 Selected Power Comparisons for N =5 and N =4 Samples Based on BASF

Control Data

SI Delta N=5 N=4
4.34 3.60 99.9% 99.1%
4.25 3.55 99.9% 98.9%
4.00 3.40 99.7% 98.3%
3.75 3.24 99.5% 97.2%
3.69 3.20 99.4% 96.9%
3.50 3.07 99.0% 95.7%
3.25 2.89 98.0% 93.3%
3.13 2.80 97.4% 91.8%
3.00 2.70 96.4% 89.8%
2.75 2.48 93.2% 84.3%
2.66 2.40 91.6% 81.9%
2.50 2.25 87.9% 76.8%
2.26 2.00 79.5% 66.8%
2.25 1.99 79.1% 66.3%
2.00 1.70 65.8% 53.0%
1.92 1.60 60.5% 48.2%
1.75 1.37 47.9% 37.4%
1.63 1.20 38.6% 30.0%
1.50 0.99 28.0% 21.9%
1.25 0.55 11.6% 9.7%
1.00 0.00 2.5% 2.5%

Abbreviations: N = number of animals per dose group; SI = stimulation index

Figure C-1 Power Curve for N =5 and N = 4 Samples Based on BASF Control Data
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Abbreviations: N = number of animals per dose group; SI = stimulation index
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Although these particular “Deltas” could result from different combinations of —fold increases
and assumed variability, the power calculations for the BASF data indicate that the most
notable differences in power between N =5 and N =4 occur for SIs below 3, a range for which
detection of an effect is apparently viewed as a “false positive” as discussed earlier. That is, the
Ratio Rule implicitly assumes that SIs less than 3 should not be detected, so the fact that
samples of N = 5 are more likely than samples with N = 4 to detect significant effects for SIs
below 3 could be viewed as a disadvantage rather than an advantage of a larger sample size. For
SI = 3.5 (at least for the BASF data), the power is high and similar for N =5 and N =4 (99.0%
vs. 95.7%).

Note also from Table C-6 that there will be far more sensitizers identified by a statistical test
based on 4 animals per group than would be identified by the Ratio Rule using 5 animals per
group. For example, a formal statistical test with N = 4 would have approximately 90% power
for detecting an SI = 3, compared with only 50% power by using the Ratio Rule (regardless of
N).

Although this report focuses on the large CBA mouse database, there are two smaller LLNA
databases involving BALB/c and B6C3F1 mice. Although these other databases were not
evaluated in detail, the pattern of LLNA response seen in these two strains was very similar to
that seen in the CBA database. This comparison is summarized in Table C-7 below. In this
table, the percentage of positive studies is the percentage of studies having SI > 3 in at least one
dosed group. As can be seen in Table C-7, there is little evidence of a strain difference in the
pattern of LLNA response, and thus there is very little likelihood that a detailed evaluation of
these other two strains would change the conclusions of this report.

Table C-7 Comparison of CBA, BALB/c, and B6C3F1 Databases

No. of | No. of |% Positive Distribution of SIs
Strain | Studies | Doses Studies <1.7 1.7-19 [ 2.0-25]| 2.6-3.0 >3.0
CBA 83 277 | 59 (49/83) | 131 (47%) | 23 (8%) | 17(6%) | 7(3%) |99 (36%)
BALB/c | 41 133 | 63 (26/41) | 67(50%) | 12(9%) | 8(6%) | 6(5%) |40 (30%)
B6C3F1 | 10 28 | 70(7/10) | 15(54%) | 1(4%) | 1(3d%) | 2(7%) | 9 (32%)

Abbreviation: No. = number; SI = stimulation index

There is one B6C3F1 mouse study that deserves special mention: the National Toxicology
Program 2,4,5-trichlorophenoxyacetic acid study, which used a sample size of 6 animals per
group. The top dose in this study produced a mean SI response of 3.03, which is the weakest
“Ratio Rule positive” of any study in the three databases (control dpm responses were 63-69-
75-90-119-133 compared with 213-229-244-249-325-405 in the top dosed group). The impact
of reducing the sample size from 6 to 5 or 4 animals per group is summarized below.
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Table C-8 Example Showing Effect of Sample Size on Agreement of Results for a Test
Substance with SI = 3.03

One N =5 sample and
Two N =5 samples one N =4 sample
Agreement (SI> 3) 25.0% (18/36) (18/36) 26.4% (18/36) (119/225)
Agreement (SI < 3) 25.0% (18/36) (18/36) 23.6% (18/36) (106/225)
Disagreement (one SI > 3; one SI < 3) 50.0% (by subtraction) 50.0% (by subtraction)

Abbreviations: N = number of animals per dose group; SI = stimulation index

For these data, there is 50% disagreement between samples of size 4 and samples of size 5, but
there is also 50% disagreement between two samples of size 5. This is a somewhat extreme
example of the point made earlier, namely that most of the disagreement in Ratio Rule results
observed between samples of size 5 and samples of size 4 shown in Table C-1 is not due to the
reduction in sample size, but rather due to the variability in response among animals and the
closeness of the SI to the cutoff point of 3.

Finally, it is important to understand that Table C-1 is not measuring accuracy; it is measuring
agreement. That is, Table C-1 assesses the reliability of N = 5 and N = 4 samples to produce
the same classification outcome using the Ratio Rule; it does not assess the ability of N =5 and
N = 4 samples to produce the correct sensitizer classification (which for most substances is not
known in any case). As illustrated in this report, as SI approaches 3, different samples may
produce different classifications using the Ratio Rule, regardless of sample size, because of
naturally occurring variability among animals. Importantly, most of the discordance between
N =5 and N = 4 samples shown in Table C-1 is not due to the reduction in sample size.

With regard to accuracy of classification using the Ratio Rule, for 90% (75/83) of the CBA
studies, there is no difference in accuracy using N = 5 and N = 4, based on the top dose group
SI response. For eight studies, each with a top dose SI close to 3, there are slight differences in
agreement, as shown in Table C-9.
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Table C-9 Likelihood of SI > 3 for All CBA Studies Showing Less than Complete
Agreement for the Top Dose Response Using N =5 and N =4 Samples

Likelihood of SI > 3 (%)
Substance Top Dose SI N=5 N=4
Formulation 54 2.3 0 (0/36) 7 (16/225)
Hexyl cinnamic aldehyde 2.8 28 (10/36) 38 (85/225)
Formulation 39 3.3 92 (33/36) 78 (175/225)
Bakelite EPR 161 3.5 83 (30/36) 77 (174/225)
Formulation 55 3.7 100 (36/36) 90 (202/225)
Potassium dichromate 4.1 100 (1/1) 92 (23/25)
Formulation 51 4.5 100 (36/36) 96 (215/225)
1,6-(Bis(2-3-epoxypropoxy)hexane 4.7 100 (36/36) 94 (211/225)

Abbreviations: N = number of animals per dose group; SI = stimulation index
'Maximum response seen at mid-dose rather than top dose.

It is not known with certainty whether or not these eight substances are truly sensitizers. The
one exception may be hexyl cinnamic aldehyde, which was confirmed in four other studies to
be positive, with three showing SI > 4 at this dose. Thus, for this one compound the N = 4
sample may actually be more likely to be “accurate” than the N = 5 sample using the Ratio
Rule.

If we assume that the Ratio Rule classifies all other substances correctly, and thus all six
substances in Table C-9 with SI > 3 are sensitizers, then there is a small loss in power by
reducing the sample size per group from 5 to 4. However, this difference in power is small, and
for all six substances, the likelihood is still quite high (77% - 96%) that the substance will be
identified as a sensitizer using a sample of size 4. Recall also that these are “worst cases” and
that for 90% of the CBA studies there is no difference in power at all between samples of N =5
and N = 4. Thus, not only does the reduction in sample size from N =5 to N = 4 have little
impact on reliability using the Ratio Rule, it also appears to have little impact on the accuracy
of classification.

5.0 Conclusion

For strong sensitizers and for obvious non-sensitizers, the reduction in sample size from 5 to 4
will have essentially no impact on the observed study outcome using the Ratio Rule. For those
substances having an SI between (approximately) 2 and 4, the outcomes may be different,
especially as SI approaches 3, but any such differences reflect primarily the inherent variability
among animals and the closeness of the SI to 3 rather than the impact of reducing the sample
size. Empirical examination of data from 83 CBA LLNA studies confirms that it is very
unlikely that a reduction in sample size from 5 to 4 animals per group would have any impact
on the overall interpretation of study results using the Ratio Rule.

Although the BALB/c and B6C3F1 databases were not evaluated in detail, the pattern of LLNA
response seen in these strains is very similar to that seen in the larger CBA database, so a more
definitive analysis of these other two strains would almost certainly not change the conclusions
of this report. We conclude that a reduction in the sample size from 5 to 4 animals per group is
unlikely to significantly impact the results of the LLNA test when using the Ratio Rule.

C-13



ICCVAM Test Method Evaluation Report: Appendix C

If a formal statistical test is used rather than (or in addition to) the Ratio Rule, the effect of
reducing the sample size from N =5 to N =4 is to decrease the power slightly. However, for
SI > 3, the power differences between samples of N = 5 and N = 4 are minimal. Moreover, a
statistical test based on 4 animals per group will identify more sensitizers than using the Ratio
Rule based on 5 animals per group. Thus, even if a formal statistical test is used rather than (or
in addition to) the Ratio Rule, the practical impact of reducing the sample size from 5 to 4
animals per group on the interpretation of experimental results appears to be minimal.
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Annex I:
Summary of Study Results — CBA Mouse Database

Table C-10 Experiments Conducted at ECPA Laboratories

Experi- | Experi- Experi-

Control | Control | Control | mental mental mental Agreement
Study’ N Mean SD N Mean SD SI (%)”
Dincocap EC 0.8 5 175 50 5 471 198 2.7 88 (22/25)
Dincocap EC 4.0 5 175 50 5 4007 1578 22.9° 100
Dincocap EC 10.0 5 175 50 4 7088 1863 40.5° 100*
Formaldehyde-1 1.0 5 163 59 5 125 12 0.8 100
Formaldehyde-1 5.0 5 163 59 5 208 147 1.3 100
Formaldehyde-1 20.0 5 163 59 5 781 439 4.8 100
Formaldehyde-2 1.0 5 844 513 5 838 737 1.0 100
Formaldehyde-2 5.0 5 844 513 5 1824 1341 2.2 92 (23/25)
Formaldehyde-2 20.0 5 844 513 5 5188 2845 6.1° 100
HCA-13.0 5 430 154 5 571 153 1.3 100
HCA-110.0 5 430 154 5 955 368 2.2° 100
HCA-130.0 5 430 154 5 1870 376 4.3 100
HCA-23.0 5 708 172 5 1353 649 1.9° 100
HCA-210.0 5 708 172 5 2981 1422 4.2° 100
HCA-2 30.0 5 708 172 5 6525 4014 9.2° 100
Oxyfluorfen EC 1 5 192 117 5 238 67 1.2 100
Oxyfluorfen EC 7 5 192 117 5 234 162 1.2 100
Oxyfluorfen EC 33 5 192 117 5 1043 311 5.4° 100
Potassium dichromate 0.02 5 153 84 5 260 139 1.7 100
Potassium dichromate 0.10 5 153 84 5 234 135 1.5 100
Potassium dichromate 0.50 5 153 84 5 626 390 4.1° 92 (23/25)
g‘gfooc’;y;:;é o7 5 226 86 5 283 102 13 100
g‘gfooc’;y;:;é o33 5 226 86 5 1470 276 6.5° 100
g‘gfooc’;y;:;é e 100 5 226 86 5 3075 621 13.6° 100
Trifluralin EC 7 5 194 46 5 357 163 1.8° 100
Trifluralin EC 33 5 194 46 5 1585 349 8.2} 100
Trifluralin EC 100 5 194 46 5 3965 1456 20.5° 100

)

Abbreviations: EC = emulsion concentrate; ECPA = European Crop Protection Association; HCA = hexyl cinnamic aldehyde; N = number
of animals per dose group; SD = standard deviation; SI = stimulation index
Test substance and dose tested (%)
Agreement (%) between N = 5 and N = 4 for the Ratio Rule. When agreement is less than 100%, numbers in parentheses indicate the
proportion of the total number of N =4 and N = 5 dose group combinations that agree with respect to whether SI <3 or SI > 3. This is
calculated by multiplying the proportion of N = 5 dose groups yielding SI > 3 with the proportion of N = 4 dose groups yielding SI > 3 and
then adding the product of the proportion of N = 5 dose groups yielding SI < 3 with the proportion of N = 4 dose groups yielding SI < 3.
These SIs are significantly different (p < 0.05) from 1 based on a Student’s # test applied to the logged disintegrations per minute data.
Although N = 4 for the experimental group, the responses in this particular group clearly would have shown 100% concordance between
the outcomes for N =5 and N =4.
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Table C-11 Experiments Conducted at BASF Laboratories

Experi- Experi- | Experi-

Control| Control | Control| mental mental mental Agreement
Study’ N Mean SD N Mean SD SI (%)’
SC-13 6 626 216 6 511 124 0.8 100
SC-110 6 626 216 6 789 245 1.3 100
SC-1 30 6 626 216 6 1168 414 1.9 100
HCA-32.5 6 1322 465 6 1479 161 1.1 100
HCA-35 6 1322 465 6 1571 921 1.2 100
HCA-3 10 6 1322 465 6 3749 1791 2.8° 554
HCA-43 6 703 197 5 3209 1479 4.6° 100
HCA-4 10 6 703 197 6 4659 1409 6.6’ 100
HCA-4 30 6 703 197 6 6929 1187 9.9° 100
HCA-5 10 5 176 26 5 711 240 4.1° 100
HCA-5 30 5 176 26 5 1362 611 7.83 100
HCA-5 50 5 176 26 5 849 422 4.8 100
(l)’g'B‘S(“ -epoxypropoxy)hexane| ¢ 967 454 6 913 81 0.9 100
}’S'B‘S(“ -epoxypropoxy)hexane| ¢ 967 454 6 1611 584 1.7 100
1,6-Bis(2,3-epoxypropoxy)hexane 3 94
30 6 967 454 6 4500 3061 4.7 (211/225)
I)n;Phenylenebls (methylamine) 6 468 154 6 900 440 1.9 100
rlnz)Phenylenebls (methylamine) 6 468 154 6 4256 1298 913 100
gnE)Phenylenebls (methylamine) 6 468 154 6 20691 6436 | 44.2° 100
Oxirane, mono((C12-14-alkyloxy) 3 92
methyl) derivs 0.3 6 218 %6 6 S12 218 2.3 (208/225)
Oxirane, mono((C12-14-alkyloxy) 3 92
methyl) derivs 1.0 6 218 %6 6 008 598 4.2 (206/225)
Oxirane, mono((C12-14-alkyloxy)| ¢ 218 96 6 4963 1861 | 22.7° 100
methyl) derivs 3.0
1,2-Diaminocyclohexane 0.1 5 446 327 6 528 114 1.2 100
1,2-Diaminocyclohexane 0.3 5 446 327 6 810 290 1.8 100
1,2-Diaminocyclohexane 1.0 5 446 327 6 3736 1982 8.4° 100
Trimethylhexamine diamine 1.0 6 742 448 6 1599 400 2.2° 88’

. T 3 93
Trimethylhexamine diamine 3.0 6 742 448 6 2972 1191 4.0 (209/225)
Trimethylhexamine diamine 10.0 6 742 448 6 6581 1250 8.9° 100
1-(2,3-epoxypropoxy)-2,2-
bis[(2,3-epoxypropoxy) 6 388 310 6 797 392 2.1° 81°
methylbutane 1.0
1-(2,3-epoxypropoxy)-2,2-
bis[(2,3-epoxypropoxy) 6 388 310 6 2531 1812 6.5 100

methylbutane 3.0
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Experi- Experi- | Experi-
Control| Control | Control| mental mental mental Agreement
Study1 N Mean SD N Mean SD SI (%)”
1-(2,3-epoxypropoxy)-2,2-
bis[(2,3-epoxypropoxy) 6 388 310 6 4644 2150 12.0° 100
methylbutane 10.0
3-Aminomethyl-3,5,5-
trimethylcyclohexylamine 0.3 6 309 85 6 384 134 1.2 100
3-Aminomethyl-3,5,5- 3 7
trimethylcyclohexylamine 1.0 6 309 85 6 806 248 26 86
3-Aminomethyl-3,5,5- 6 309 85 6 6597 1867 21.4° 100
trimethylcyclohexylamine 3.0
Dipropylene triamine 0.3 6 349 101 6 753 228 22} 100
Dipropylene triamine 1.0 6 349 101 6 1106 254 323 59%
Dipropylene triamine 3.0 6 349 101 6 4344 1350 12.4° 100
N~(2-Hydroxyethyl)- 6 445 179 6 891 277 2.0° 100
ethylendiamine 3.0
N-(2-Hydroxyethyl)- 3
ethylendiamine 10.0 6 445 179 6 766 230 1.7 100
N-(2-Hydroxyethyl)- 3
ethylendiamine 30.0 6 445 179 6 2937 626 6.6 100
p-tert-Butylphenyl 1-(2,3- 6 406 83 6 553 148 14 100
epoxy)propyl ether 0.1
p-tert-Butylphenyl 1-(2,3- 6 406 83 6 681 230 1.7 100
epoxy)propyl ether 0.3
p-tert-Butylphenyl 1-(2,3- 6 406 83 6 5780 3279 | 142° 100
epoxy)propyl ether 1.0
Bakelite EPR 161 0.1 6 770 189 6 789 108 1 100
Bakelite EPR 161 0.3 6 770 189 6 1825 733 2.4° 99
(222/225)
Bakelite EPR 161 1.0 6 770 189 6 2694 1652 3.5° 68’
Bakelite EPR 162 0.3 6 591 251 6 6225 3285 10.5° 100
Bakelite EPR 162 1.0 6 591 251 6 11790 4292 19.9° 100
Bakelite EPR 162 3.0 6 591 251 6 23583 3469 39.9° 100
Bakelite EPR 164 0.3 6 463 208 6 2920 1049 6.3 100
Bakelite EPR 164 1.0 6 463 208 6 8427 1833 18.2° 100
Bakelite EPR 164 3.0 6 463 208 6 10387 7000 2243 100

Abbreviations: EPR = epoxy resin; N = number of animals per dose group; SC = suspension concentrate; SD = standard deviation; SI =

stimulation index
1

2

Test substance and dose tested (%)
Agreement (%) between N = 5 and N = 4 for the Ratio Rule. When agreement is less than 100%, numbers in parentheses or footnoted

indicate the proportion of the total number of N =4 and N = 5 dose group combinations that agree with respect to whether SI <3 or
SI> 3. This is calculated by multiplying the proportion of N = 5 dose groups yielding SI > 3 with the proportion of N = 4 dose groups
yielding SI> 3 and then adding the product of the proportion of N = 5 dose groups yielding SI < 3 with the proportion of N = 4 dose

groups yielding SI < 3.

R R R T

These SIs are significantly (p < 0.05) different from 1 based on a Student’s # test applied to the logged disintegrations per minute data.
55% = (26/36 x 140/225) + (10/36 x 85/225)
88% = (35/36 x 204/225) + (1/36 x 21/225)
81% = (33/36 x 195/225) + (3/36 x 30/225)
86% = (35/36 x 198/225) + (1/36 x 27/225)
59% =(27/36 x 152/225) + (9/36 x 73/225)
68% = (30/36 x 174/225) + (6/36 x 51/225)
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Table C-12 Experiments Conducted at DuPont Laboratories

Control | Control | Control | Experimental | Experimental | Experimental Agreement
Study’ N Mean SD N Mean SD SI (%)’
DU-1A 5 5 506 185 5 284 122 0.6 100
DU-1A 25 5 506 185 5 596 166 1.2 100
DU-1A 50 5 506 185 5 354 198 0.7 100
DU-1A 100 5 506 185 5 526 313 1.0 100
DU-1B 1 5 1067 301 5 635 202 0.6 100
DU-1B 5 5 1067 301 5 1165 386 1.1 100
DU-1B 10 5 1067 301 5 1413 1145 1.3 100
DU-1B 25 5 1067 301 5 1144 388 1.1 100
DU-1C5 5 617 265 5 419 156 0.7 100
DU-1C 25 5 617 265 4 883 517 1.4 100°
DU-1C 50 5 617 265 5 1075 432 1.7 100
DU-1C 100 5 617 265 4 779 262 1.3 100°
DU-1D 5 5 1067 301 5 755 196 0.7 100
DU-1D 10 5 1067 301 5 1019 266 1.0 100
DU-1D 25 5 1067 301 5 1337 493 1.3 100
DU-1D 50 5 1067 301 4 1086 281 1.0 100°
DU-2A 5 5 992 446 5 4132 815 42* 100
DU-2A 25 5 992 446 5 5422 939 5.5 100
DU-2A 50 5 992 446 5 6604 1282 6.7" 100
DU-2A 100 5 992 446 5 6482 724 6.5 100
DU-2E 5 5 452 219 5 433 169 1.0 100
DU-2E 25 5 452 219 5 370 142 0.8 100
DU-2E 50 5 452 219 5 509 285 1.1 100
DU-2E 100 5 452 219 5 623 200 1.4 100
DU-3 5 5 917 533 5 531 231 0.6 100
DU-3 10 5 917 533 5 720 306 0.8 100
DU-3 25 5 917 533 5 699 174 0.8 100
DU-3 50 5 917 533 5 538 179 0.6 100
DU-4 5 5 516 114 5 439 203 0.9 100
DU-4 25 5 516 114 5 505 257 1.0 100
DU-4 50 5 516 114 5 500 200 1.0 100
DU-4 100 5 516 114 5 538 65 0.9 100
DU-5A 5 5 589 317 5 1576 504 2.7 76 (19/25)
DU-5A 25 5 589 317 5 903 534 1.5 100
DU-5A 50 5 589 317 5 915 223 1.6 100
DU-5A 100 5 589 317 5 499 230 0.8 100
DU-5B 5 5 1057 256 5 835 406 0.8 100
DU-5B 25 5 1057 256 5 1168 352 1.1 100
DU-5B 50 5 1057 256 5 1087 200 1.0 100
DU-5B 100 5 1057 256 5 1200 394 1.1 100
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Control | Control | Control | Experimental | Experimental | Experimental Agreement
Study’ N Mean SD N Mean SD SI (%)”
DU-5C 1 5 354 140 5 491 136 14 100
DU-5C 5 5 354 140 5 692 313 2.0* 100
DU-5C 25 5 354 140 5 429 195 1.2 100
DU-5C 100 5 354 140 5 312 124 0.9 100
DU-6 5 4 468 290 5 503 300 1.1 100
DU-6 25 4 468 290 5 381 106 0.8 100
DU-6 50 4 468 290 5 400 176 0.9 100
DU-6 80 4 468 290 5 440 211 0.9 100
DU-75 5 721 191 5 1394 1154 1.9 100
DU-7 25 5 721 191 5 846 331 1.2 100
DU-7 50 5 721 191 5 817 286 1.1 100
DU-7 80 5 721 191 5 915 249 1.3 100
DU-8A 1 9 486 186 4 680 178 14 100
DU-8A 10 9 486 186 5 658 261 14 100
DU-8A 50 9 486 186 4 391 184 0.8 100
DU-8A 100 9 486 186 5 473 263 1.0 100
DU-8B 5 5 786 312 5 916 460 1.2 100
DU-8B 25 5 786 312 5 1515 621 1.9 100
DU-8B 50 5 786 312 5 1121 764 14 100
DU-8B 100 5 786 312 5 1422 921 1.8 100
DU-9A 5 5 677 307 5 2405 1569 3.6* 84 (21/25)
DU-9A 25 5 677 307 5 3354 1463 5.0* 100
DU-9A 50 5 677 307 5 5975 773 8.8* 100
DU-9A 100 5 677 307 5 9118 3211 13.5* 100
DU-9B 5 5 1049 285 5 809 362 0.8 100
DU-9B 25 5 1049 285 5 822 195 0.8 100
DU-9B 50 5 1049 285 5 622 242 0.6 100
DU-9B 100 5 1049 285 5 493 88 0.5 100
DU-10 0.5 5 177 67 5 174 25 1.0 100
DU-10 1.0 5 177 67 5 230 73 1.3 100
DU-102.5 5 177 67 5 265 55 1.5 100
DU-105.0 5 177 67 3 289 122 1.6 NC®
DU-11B 5 5 984 210 5 1362 561 14 100
DU-11B 25 5 984 210 5 639 449 0.6 100
DU-11B 50 5 984 210 5 651 531 0.7 100
DU-11B 100 5 984 210 5 1016 1032 1.0 100
DU-11C5 5 769 310 5 1168 472 1.5 100
DU-11C 25 5 769 310 5 871 217 1.1 100
DU-11C 50 5 769 310 5 719 133 0.9 100
DU-11C 100 5 769 310 5 1113 300 14 100
DU-12 1 5 617 265 5 479 132 0.8 100
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Control | Control | Control | Experimental | Experimental | Experimental Agreement
Study’ N Mean SD N Mean SD SI (%)”
DU-12 5 5 617 265 5 749 378 1.2 100
DU-12 25 5 617 265 5 477 253 0.8 100
DU-12 50 5 617 265 5 872 497 14 100
DU-13A5 5 621 455 5 284 67 0.5 100
DU-13A 25 5 621 455 5 276 93 0.4 100
DU-13A 50 5 621 455 5 322 167 0.5 100
DU-13A 100 5 621 455 5 370 56 0.6 100
DU-13B 1 5 578 161 5 703 450 1.2 100
DU-13B 10 5 578 161 5 551 179 1.0 100
DU-13B 50 5 578 161 5 413 117 0.7 100
DU-13B 100 5 578 161 5 376 201 0.7 100

Abbreviations: DU = DuPont; N = number of animals per dose group; NC = not calculated; SD = standard deviation; SI = stimulation index
' Test substance and dose tested (%)
Agreement (%) between N = 5 and N = 4 for the Ratio Rule. When agreement is less than 100%, numbers in parentheses indicate the
proportion of the total number of N =4 and N = 5 dose group combinations that agree with respect to whether SI <3 or SI > 3. This is
calculated by multiplying the proportion of N = 5 dose groups yielding SI > 3 with the proportion of N = 4 dose groups yielding SI > 3
and then adding the product of the proportion of N = 5 dose groups yielding SI < 3 with the proportion of N = 4 dose groups yielding

2

SI<3.

Although N = 4 for the experimental group, the responses in this particular group clearly would have shown 100% concordance between
the outcomes for N =5 and N =4.
These SIs are significantly (p < 0.05) different from 1 based on a Student’s # test applied to the logged disintegrations per minute data.
Agreement could not be assessed, since N < 4.
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Table C-13 Experiments Conducted at EFfCI Laboratories

Control | Control | Control | Experimental | Experimental | Experimental Agreement
Study’ N Mean SD N Mean SD SI (%)
Fumaric Acid 5 5 327 85 5 419 126 1.3 100
Fumaric Acid 10 5 327 85 5 742 284 2.3° 100
Fumaric Acid 25 5 327 85 5 479 201 1.5 100
Linoleic Acid 10 5 223 133 5 326 176 1.5 100
Linoleic Acid 25 5 223 133 5 1567 303 7.0° 100
Linoleic Acid 50 5 223 133 5 2025 601 9.1° 100
Linoleic Acid 10 5 223 133 5 699 301 3.1° |56 (14/25)
Linoleic Acid 25 5 223 133 5 2075 344 9.3° 100
Linoleic Acid 50 5 223 133 5 2290 1174 10.3° 100
Maleic Acid 10 5 327 85 5 2186 934 6.7° 100
Maleic Acid 25 5 327 85 5 5262 686 16.1° 100
Maleic Acid 50 5 327 85 5 5244 2304 16.0° 100
Octinol 10 5 1120 512 5 6327 1446 5.6° 100
Octinol 25 5 1120 512 5 9833 2523 8.8 100
Octinol 50 5 1120 512 4 12594 1250 11.2° 100*
Oleic Acid 10 5 223 133 5 581 408 2.6° |84 (21/25)
Oleic Acid 25 5 223 133 5 3336 1688 14.9° 100
Oleic Acid 50 5 223 133 5 1550 897 6.9° 100
Squalene 10 5 223 133 5 839 245 3.8° 100
Squalene 25 5 223 133 5 1536 209 6.9° 100
Squalene 50 5 223 133 5 1821 327 8.2° 100
Succinic Acid 5 5 327 85 5 376 146 1.1 100
Succinic Acid 10 5 327 85 5 407 113 1.2 100
Succinic Acid 25 5 327 85 5 420 243 1.3 100
Undecylenic 5 223 133 5 556 140 2.5° 80 (20/25)
Acid 10
Undecylenic 5 223 133 5 736 250 3.3° |84(21/25)
Acid 25
Undecylenic 5 223 133 5 991 149 4.4° 100
Acid 50

Abbreviations: EFfCI = European Federation for Cosmetics Ingredients; N = number of animals per dose group; SD = standard deviation;

SI = stimulation index

' Test substance and dose tested (%)

Agreement (%) between N = 5 and N = 4 for the Ratio Rule. When agreement is less than 100%, numbers in parentheses indicate the
proportion of the total number of N =4 and N = 5 dose group combinations that agree with respect to whether SI <3 or SI > 3. This is
calculated by multiplying the proportion of N = 5 dose groups yielding SI > 3 with the proportion of N = 4 dose groups yielding SI > 3 and
then adding the product of the proportion of N = 5 dose groups yielding SI < 3 with the proportion of N = 4 dose groups yielding SI < 3.
These SIs are significantly (p < 0.05) different from 1 based on a Student’s # test applied to the logged disintegrations per minute data.
Although N = 4 for the experimental group, the responses in this particular group clearly would have shown 100% concordance between
the outcomes for N =5 and N =4.

2
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Table C-14 Experiments Conducted at BAuA Laboratories

Experi- Experi- Experi-

. Control | Control | Control mental mental mental Agreenzlent
Study N Mean SD N Mean SD SI (%)
Yellow E-JD 3442 1 5 70 21 5 70 19 1.0 100
Yellow E-JD 3442 3 5 70 21 5 52 9 0.8 100
Yellow E-JD 3442 9 5 70 21 5 60 32 0.9 100
Yellow E-JD 3442 15 5 70 21 5 61 16 0.9 100
CI Reactive Red 231 1 5 70 21 5 334 147 4.8 100
CI Reactive Red 231 3 5 70 21 5 234 78 3.4% | 88(22/25)
CI Reactive Red 231 9 5 70 21 5 305 121 4.4 100
CI Reactive Red 231 15 5 70 21 5 317 105 4.6° 100
P-46 1 5 70 21 5 167 86 2.4 100
P-46 3 5 70 21 5 175 73 2.5° | 96 (24/25)
P-46 9 5 70 21 5 135 39 1.9° 100
P-46 15 5 70 21 5 175 45 2.5° 100
CI Reactive Yellow 5 70 21 5 288 62 4.1° 100
174 1
CI Reactive Yellow 5 70 21 5 231 70 3.3% | 80 (20/25)
1743
CI Reactive Yellow 5 70 21 5 385 242 5.5° 100
1749
CI Reactive Yellow 5 70 21 5 539 114 7.8} 100
174 15
Navy 14 08 723 1 5 70 21 5 353 54 5.1° 100
Navy 14 08 723 3 5 70 21 5 335 116 4.8 100
Navy 14 08 723 9 5 70 21 5 398 102 5.7 100
Navy 14 08 723 15 5 70 21 5 361 90 5.2} 100
Dispersionsrot 2754 1 5 70 21 5 68 27 1.0 100
Dispersionsrot 2754 3 5 70 21 5 65 19 0.9 100
Dispersionsrot 2754 9 5 70 21 5 67 40 1.0 100

Abbreviations: BAuA = Federal Institute for Occupational Safety and Health (Germany); N = number of animals per dose group; SD =
standard deviation; SI = stimulation index

' Test substance and dose tested (%)
Agreement (%) between N = 5 and N = 4 for the Ratio Rule. When agreement is less than 100%, numbers in parentheses indicate the
proportion of the total number of N =4 and N = 5 dose group combinations that agree with respect to whether SI <3 or SI > 3. This is
calculated by multiplying the proportion of N = 5 dose groups yielding SI > 3 with the proportion of N = 4 dose groups yielding SI > 3 and
then adding the product of the proportion of N = 5 dose groups yielding SI < 3 with the proportion of N = 4 dose groups yielding SI < 3.
These SIs are significantly (p < 0.05) different from 1 based on a Student’s # test applied to the logged disintegrations per minute data.

2
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Control| Control |Control | Experimental | Experimental | Experimental Agreement
Study’ N Mean SD N Mean SD SI (%)*
Formulation 29 5 6 567 305 6 1036 663 1.8 100
Formulation 29 25 6 567 305 6 913 200 1.6 100
Formulation 29 100 6 567 305 6 823 373 1.5 100
Formulation 30 5 6 536 258 6 947 253 1.8° 100
Formulation 30 25 6 536 258 6 3839 736 7.23 100
Formulation 30 100 6 536 258 6 7269 1014 13.6° 100
Formulation 31 5 6 385 121 5 393 223 1.0 100
Formulation 31 25 6 385 121 5 724 215 1.9° 100
Formulation 31 100 6 385 121 6 696 262 1.8° 100
Formulation 32 5 6 332 346 6 2136 737 6.5° 100
Formulation 32 25 6 332 346 6 14833 6139 447 100
Formulation 32 100 6 332 346 6 22965 5480 69.3* 100
Formulation 33 5 6 672 249 6 479 194 0.7 100
Formulation 33 25 6 672 249 6 913 496 1.4 100
Formulation 33 100 6 672 249 6 843 303 1.3 100
Formulation 34 5 6 385 121 6 713 331 1.9 100
Formulation 34 25 6 385 121 6 528 227 1.4 100
Formulation 34 100 6 385 121 6 581 216 1.5 100
Formulation 35 5 6 332 346 6 360 294 1.1 100
Formulation 35 25 6 332 346 6 383 158 1.2 100
Formulation 35 100 6 332 346 6 412 317 1.3 100
Formulation 37 1 6 744 359 6 1008 525 1.4 100
Formulation 37 5 6 744 359 6 1999 1687 2.7 56°
Formulation 37 15 6 744 359 6 5586 4162 7.5° 100
Formulation 38 5 6 889 520 6 960 515 1.1 100
Formulation 38 25 6 889 520 6 4098 1541 4.6° 100
Formulation 38 100 6 889 520 6 11232 2102 12.7° 100
Formulation 39 1 6 627 256 6 1076 268 1.7° 100
Formulation 39 5 6 627 256 6 1551 650 2.5° 84°
Formulation 39 25 6 627 256 6 2083 259 3.3° 730
Formulation 40 1 5 8217 263 6 1481 621 1.8 100
Formulation 40 5 5 8217 263 6 2316 401 2.8% |73 (55/75)
Formulation 40 25 5 8217 263 6 4646 1833 5.7 100
Formulation 41 5 6 1017 325 6 1936 1024 1.9° 100
Formulation 41 25 6 1017 325 6 1891 1133 1.9 100
Formulation 41 100 6 1017 325 5 5653’ 2750 5.6° 100
Formulation 49 5 5 626’ 298 6 442 250 0.7 100
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Control | Control |Control | Experimental | Experimental | Experimental Agreement
Study’ N Mean SD N Mean SD SI (%)”
Formulation 49 25 5 626’ 298 6 880 444 1.4 100
Formulation 49 100 5 626’ 298 5 2958 489 4.7° 100
Formulation 50 5 6 1208 882 6 796 183 0.7 100
Formulation 50 25 6 1208 882 6 786 436 0.7 100
Formulation 50 100 6 1208 882 6 9439 4239 7.83 100
Formulation 51 5 6 863 526 6 1346 537 1.6 100
Formulation 51 25 6 863 526 6 3893 2120 4.53 96
(215/225)
Formulation 51 100 6 863 526 6 2084 1725 24 66°
Formulation 53 2.5 5 3927 159 6 596 317 1.5 100
Formulation 53 7.5 5 3927 159 6 1240 987 3.2° 52°
Formulation 53 15 5 3927 159 4 2609 1494 6.7° 100"
Formulation 54 5 6 438 143 6 551 357 1.3 100
Formulation 54 25 6 438 143 6 502 262 1.2 100
Formulation 54 100 6 438 143 6 1016 583 2.3 93
(209/225)
Formulation 55 5 6 529 238 6 781 602 1.5 100
Formulation 55 25 6 529 238 6 1348 947 2.5° 68"
Formulation 55 100 6 529 238 6 1972 758 3.7 90
(202/225)
Formulation 56 5 6 529 238 6 1726 831 3.3} 57"
Formulation 56 25 6 529 238 6 3217 1996 6.13 100
Formulation 56 100 6 529 238 2 2064 21 3.93 NC"

Abbreviations: N = number of animals per dose group; NC = not calculated; SD = standard deviation; SI = stimulation index

' Test substance and dose tested (%)

Agreement (%) between N = 5 and N = 4 for the Ratio Rule. When agreement is less than 100%, numbers in parentheses or footnoted
indicate the proportion of the total number of N =4 and N = 5 dose group combinations that agree with respect to whether SI <3 or
SI> 3. This is calculated by multiplying the proportion of N = 5 dose groups yielding SI > 3 with the proportion of N = 4 dose groups
yielding SI> 3 and then adding the product of the proportion of N = 5 dose groups yielding SI < 3 with the proportion of N = 4 dose
groups yielding SI < 3.

These SIs are significantly (p < 0.05) different from 1 based on a Student’s # test applied to the logged disintegrations per minute data.
56% = (26/36 x 142/225) + (10/36 x 83/225)

84% = (35/36 x 194/225) + (1/36 x 31/225)

73% =(33/36 x 175/225) + (3/36 x 50/225)

Data reflects elimination of one control outlier (4258) in Formulation 40, one dosed group outlier (428) in Formulation 41, one control
outlier (3) and one dosed group outlier (6273) in Formulation 49, and one control outlier (3172) in Formulation 53.

8 66% = (29/36 x 172/225) + (7/36 x 53/225)

?52% = (4/6 x 42/75) + (2/6 x 33/75)

Although N = 4 for the experimental group, the responses in this particular group clearly would have shown 100% concordance between
the outcomes for N =5 and N =4.

" 68% = (31/36 x 168/225) + (5/36 x 57/225)

57% = (26/36 x 150/225) + (10/36 x 75/225)

Agreement could not be assessed, since N < 4.

2
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CPSC
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EF{CI
EPA
ESAC

FDA

FR

GLP
GPMT
HCA
ICCVAM

ILS
ISO
IWG

Kow
LLNA

List of Abbreviations and Acronyms

Allergic contact dermatitis
Acetone
Acetone: olive oil (4:1 by volume)

Berufsgenossenschaftliches Institut fur Arbeitsschutz (German Institute
for Occupational Safety and Health)

Background review document
Chemical Abstracts Service Registry Number

Comite Europeen des Agents de Surface et de Leurs Intermediaires
Organiques (European Committee of Surfactants and Their Organic
Intermediates)

Concentration tested

U.S. Consumer Product Safety Commission

Dibutyl phosphate

Diethyl phthalate

Dimethyl formamide

Dimethyl sulfoxide

Dinitrochlorobenzene

Estimated concentration needed to produce a stimulation index of 3
European Crop Protection Association

European Centre for the Validation of Alternative Methods
European Federation for Cosmetic Ingredients

U.S. Environmental Protection Agency

European Centre for the Validation of Alternative Methods Scientific
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U.S. Food and Drug Administration
Federal Register

Good Laboratory Practice

Guinea Pig Maximization Test
Hexyl cinnamic aldehyde

Interagency Coordinating Committee on the Validation of Alternative
Methods

Integrated Laboratory Systems
International Organization for Standardization
Immunotoxicity Working Group
Octanol-water partition coefficient
Murine local lymph node assay
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Methyl ethyl ketone
Not applicable

Not calculated

No data

National Toxicology Program Interagency Center for the Evaluation of
Alternative Toxicological Methods

National Institute of Environmental Health Sciences
National Toxicology Program

Organisation for Economic Co-operation and Development
Office of Prevention, Pesticides and Toxic Substances
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Reduced murine local lymph node assay

Scientific Advisory Committee on Alternative Toxicological Methods
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Society of Toxicology

Test guideline

TNO Nutrition and Food Research Institute (Netherlands)
United Kingdom

United Nations

United States

Weight-to-volume ratio
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Preface

In 1998, the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) in conjunction with the National Toxicology Program Interagency Center for the
Evaluation of Alternative Toxicological Methods (NICEATM) evaluated the validation status
of the murine local lymph node assay (traditional LLNA) as an alternative to guinea pig test
methods (e.g., the Guinea Pig Maximization Test and the Buehler Test) for assessing the
allergic contact dermatitis (ACD) potential of substances. ICCVAM subsequently
recommended that the LLNA could be used as a valid substitute for the accepted guinea pig test
methods in most ACD testing situations (ICCVAM 1999).

Based on the ICCVAM recommendations, the ICCVAM member agencies that require
regulatory submission of ACD data accepted the LLNA, with identified limitations, as an
alternative to guinea pig tests for assessing the potential of substances to cause ACD. In 2002,
the LLNA was adopted as Test Guideline 429 by the 30 member countries of the Organisation
for Economic Co-operation and Development (OECD; OECD 2002).

The reduced murine local lymph node assay (rLLNA), also referred to as the “cut-down” or
“limit dose” LLNA, was one of several modified versions of the LLNA nominated by the U.S.
Consumer Product Safety Commission (CPSC) for evaluation by ICCVAM.?® (The term
“reduced LLNA” has been adopted in this document to be consistent with the terminology used
for this test method in Europe.) The proposed rLLNA could reduce the number of animals for
skin sensitization testing by 40% for each test compared with the traditional LLNA. ICCVAM
assigned this activity a high priority following consideration of comments from the public and
ICCVAM’s advisory committee, the Scientific Advisory Committee on Alternative
Toxicological Methods (SACATM).

The ICCVAM Immunotoxicity Working Group (IWG) and NICEATM (1) prepared a draft
background review document (BRD) that described the validation status of the rLLNA test
method, including its reliability and accuracy, the substances evaluated, and the availability of a
standardized protocol and (2) developed draft test method recommendations based on this
evaluation. An international independent scientific peer review panel (Panel) met on March 4—
6, 2008, to assess the current validation status of the rLLNA. The Panel also reviewed the
completeness and accuracy of the draft [CCVAM BRD and the extent to which the information
therein supported the ICCVAM draft test method recommendations for proposed test method
uses, recommended protocol, test method performance standards, and future studies.

ICCVAM considered the conclusions and recommendations of the Panel, as well as comments
received from the public and SACATM, when finalizing ICCVAM’s BRD and test method
recommendations on the usefulness and limitations of the rLLNA.

We gratefully acknowledge the organizations and scientists who provided data and information
for this BRD. We would also like to recognize the efforts of the individuals who contributed to
its preparation, review, and revision. We especially recognize the Panel members for their
thoughtful evaluations and generous contributions of time and effort. Special thanks are
extended to Dr. Michael Luster for serving as the Panel Chair and to Dr. Michael Woolhiser,
Dr. Michael Olson, and Ms. Kim Headrick for their service as Evaluation Group Chairs. We

3% Available at http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA_nom.pdf
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Executive Summary

In 1999, the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) recommended the murine local lymph node assay (traditional LLNA) as a valid
substitute for currently accepted guinea pig test methods to assess allergic contact dermatitis
(ACD) potential of substances in most ACD testing situations. The recommendation was based
on a comprehensive evaluation that included an independent scientific peer review panel
(Panel) assessment of the validation status of the LLNA. The Panel report and the ICCVAM
recommendations (ICCVAM 1999) are available at the NICEATM-ICCVAM website.>!

ICCVAM forwarded to U.S. Federal agencies its recommendation that the traditional LLNA
should be considered for regulatory acceptance or other non-regulatory applications for
assessing the ACD potential of substances, while recognizing that some testing situations would
still require the use of traditional guinea pig test methods (ICCVAM 1999). The LLNA was
subsequently incorporated into national and international test guidelines for the assessment of
skin sensitization (International Organization for Standardization [ISO] 10993-10: Tests for
Irritation and Sensitization [ISO 2002]; Organisation for Economic Co-operation and
Development Test Guideline [TG] 429 [OECD 2002]; U.S. Environmental Protection Agency
Health Effects Test Guideline OPPTS 870.2600: Skin Sensitization [EPA 2003]).

In 2007, the U.S. Consumer Product Safety Commission (CPSC) nominated the rLLNA (also
referred to as the “cut-down” or “limit dose” LLNA) as one of several modified versions of the
LLNA for evaluation by ICCVAM. The proposed rLLNA could reduce the number of animals
for skin sensitization testing by 40% per test compared with the traditional LLNA. The term
“reduced LLNA” has been adopted in this document to be consistent with the terminology used
for this test method in Europe.

ICCVAM assigned this activity a high priority; and the National Toxicology Program
Interagency Committee on the Evaluation of Alternative Methods (NICEATM), along with the
ICCVAM Immunotoxicity Working Group (IWG), collaborated closely with liaisons from the
European Centre for the Validation of Alternative Methods and the Japanese Center for the
Validation of Alternative Methods to facilitate the evaluations requested by the CPSC.
NICEATM and the ICCVAM IWG prepared this background review document (BRD), which
summarizes the current validation status of the rTLLNA for assessing the skin sensitization
potential of substances. It includes detailed information about the reliability and relevance of
the rLLNA, and the scope of the substances that were evaluated. It provides a comprehensive
review of available data and information on the use of the rLLNA for hazard classification.

This information summarized in this BRD is from a retrospective review of traditional LLNA
data. The database considered was obtained from 12 different sources and included 457 unique
substances’” tested in a total of 471 traditional LLNA studies. ICCVAM had considered 211 of
the substances during its 1998 evaluation of the traditional LLNA (ICCVAM 1999). An
additional 246 substances were obtained from the peer-reviewed literature published after that
evaluation and from data submitted to NICEATM in response to a 2007 Federal Register (FR)

*! Available at http://iccvam.niehs.nih.gov/docs/immunotox_docs/llna/llnarep.pdf

32 Some substances were tested in more than one vehicle. In such instances, each substance-vehicle combination
was considered separately, and thus there were a total of 465 unique substance-vehicle combinations that
were used in the performance evaluation.
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notice (72 FR 27815, May 17, 2007*%). Specifically, three sources were published journal
articles and eight were responses to the May 2007 FR notice. Due to the small number of
repeated studies (5% of total studies), all studies were treated independently for the purpose of
this accuracy evaluation.

The 1999 ICCVAM-recommended LLNA protocol accepted by U.S. regulatory agencies is
consistent with procedures described in OECD TG 429 and was used as the basis for
development of the OECD test guideline. Still, TG 429 allows for more procedural variation
than the 1999 ICCVAM-recommended protocol ICCVAM 1999). The protocol for the (LLNA
is identical to that for the traditional LLNA (ICCVAM 1999), except that the traditional LLNA
tests a substance at three dose levels, with the highest dose level being that which does not
induce systemic toxicity and/or excessive skin irritation. In the rTLLNA, a substance is tested at
only a single dose level, which is the highest dose level that would have been tested in the
traditional LLNA. As in the traditional LLNA, the threshold for classifying a substance as a
skin sensitizer in the rLLNA is a stimulation index (SI) > 3.

Information on chemical classes for each substance was retrieved from the National Library of
Medicine’s ChemIDplus® database or assigned for each test substance using a standard
classification scheme based on the National Library of Medicine Medical Subject Headings
classification system.>* Chemical class information is included to indicate the variety of
structural elements in the evaluated substances. One hundred and twenty-five complex
substances were identified simply as pharmaceuticals. Ten substances were formulations.
Seventy substances could not be assigned to a specific chemical class due to incomplete
information (e.g., no Chemical Abstracts Service Registry Number or structure provided).

The ability of the rLLNA to correctly identify potential skin sensitizers was compared to that of
the traditional LLNA. In the 471 studies, 318 detected skin sensitizers, and 153 detected non-
sensitizers. When studies for substances tested more than once in the same vehicle (i.e., 465
unique substance and vehicle combinations) were considered together to yield an overall skin
sensitization classification, 315 were classified as sensitizers, and 150 were classified as non-
sensitizers.

Based on the data available from the 471 studies, the rLLNA has an accuracy of 98.7%
(465/471), a sensitivity of 98.1% (312/318), a specificity of 100% (153/153), a false positive
rate of 0% (0/153), and a false negative rate of 1.9% (6/318) when compared to the traditional
LLNA. Based on the 465 unique substance and vehicle combinations, the rLLNA has an
accuracy of 98.7% (459/465), a sensitivity of 98.1% (309/315), a specificity of 100%
(150/150), a false positive rate of 0% (0/150), and a false negative rate of 1.9% (6/315).

Six substances yielded false negative results in the rLLNA (i.e., the substances were classified
as sensitizers in the traditional LLNA but as non-sensitizers in the rLLNA). A review of the
data for these six substances indicates that the traditional LLNA classification of the substances
as skin sensitizers was based not on the highest dose level tested, which induced an SI <3 but
on a low- or mid-dose level that produced an SI > 3. Because the rLLNA only tests substances
at the highest dose level, all six substances would be incorrectly identified as non-sensitizers
(i.e., false negatives). Four of the six substances that resulted in false negatives using the

3 Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7_ 9544 pdf
** Available at http://www.nlm.nih.gov/mesh/meshhome.html
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rLLNA compared to the traditional LLNA came from LLNA studies that used pooled data.
There were no patterns of consistency for these substances with regard to physicochemical
properties.

Interlaboratory reproducibility of the rLLNA was assessed with data for five substances tested
independently in the same vehicle at multiple laboratories. Among these five substances, three
(60%) were classified as sensitizers or non-sensitizers in all studies (i.e., 100% concordance).
Each of the other two substances, tested independently in two laboratories, was classified as a
sensitizer by one traditional LLNA study and as a non-sensitizer by the other traditional LLNA
study. Review of the studies indicates that the discordant results were due to differences in the
highest dose levels tested. However, because the traditional LLNA and the rLLNA use identical
protocols and the data sets used to evaluate their accuracy are similar, the reliability of the two
methods would be expected to be similar. That is, the intra- and interlaboratory reliability of the
rLLNA would be expected to be the same as that of the traditional LLNA (see [ICCVAM 1999
for these statistics).

A review of published literature on the rLLNA revealed only one published report in addition to
that of Kimber et al. (2006). Ryan et al. (2008) described the impact of reducing the number of
animals per group from five to two on the performance of the rLLNA and concluded that the
sensitivity is inadequate for hazard identification of skin sensitizers.

Compared to the traditional LLNA, the rLLNA will reduce the number of animals used to
assess skin sensitization. Because the rLLNA tests only the highest dose level of the test
substance in addition to the concurrent control groups, the number of animals tested would
decrease by at least 40% for each test.

The database included in this BRD will be updated as additional information becomes available
during future use of the traditional LLNA and the rLLNA.
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1.0 Introduction and Rationale for the Proposed Use of the Reduced
Murine Local Lymph Node Assay (rLLNA) to Identify Skin
Sensitizers

1.1 Introduction

1.1.1 Historical Background

In 1999, the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) recommended the murine local lymph node assay (traditional LLNA®) as a valid
substitute for currently accepted guinea pig test methods to assess allergic contact dermatitis
(ACD) potential of most types of substances. ICCVAM based its recommendation on a
comprehensive evaluation that included an independent scientific peer review panel (Panel)
assessment of the validation status of the LLNA. The Panel report and the ICCVAM
recommendations (ICCVAM 1999) are available at the NICEATM—-ICCVAM website.*

ICCVAM forwarded to U.S. Federal agencies its recommendation that the traditional LLNA
should be considered for regulatory acceptance or other non-regulatory applications for
assessing the ACD potential of substances, while recognizing that some testing situations would
still require the use of traditional guinea pig test methods (ICCVAM 1999). The LLNA was
subsequently incorporated into national and international test guidelines for the assessment of
skin sensitization (International Organization for Standardization [ISO] 10993-10: Tests for
Irritation and Sensitization [ISO 2002]; Organisation for Economic Co-operation and
Development Test Guideline [TG] 429 [OECD 2002]; U.S. Environmental Protection Agency
[EPA] Health Effects Test Guideline OPPTS 870.2600: Skin Sensitization [EPA 2003]).

1.1.2  Allergic Contact Dermatitis

ACD is a frequent occupational health problem. According to the U.S. Department of Labor
Bureau of Labor Statistics, in 2005, 980 cases of ACD involved days away from work.>’

ACD develops in two phases, induction and elicitation. The induction phase occurs when a
susceptible individual is exposed topically to a skin-sensitizing substance. Induction depends
on the substance passing through the epidermis, where it forms a hapten complex with dermal
proteins. Langerhans cells, the resident antigen-presenting cells in the skin, process the hapten
complex. The processed hapten complex then migrates to the draining lymph nodes. Antigen
presentation to T-lymphocytes follows, which leads to the clonal expansion of these cells. At
this point, the individual is sensitized to the substance (Basketter et al. 2003; Jowsey et al.
2006). Studies have shown that the magnitude of lymphocyte proliferation correlates with the
extent to which sensitization develops (Kimber and Dearman 1991, 1996).

During the elicitation phase, the individual is again topically exposed to the substance. As in the
induction phase, the substance penetrates the epidermis, is processed by the Langerhans cells,
and is presented to circulating T-lymphocytes. The T-lymphocytes are then activated, which

*% The “traditional LLNA” refers to the validated ICCVAM-recommended LLNA (ICCVAM 1999), which
measures lymphocyte proliferation based on incorporation of tritiated thymidine into the cells of the draining
auricular lymph nodes.

%% Available at http://iccvam.niehs.nih.gov/docs/immunotox_docs/llna/llnarep.pdf

*7 Available at http://www.bls.gov/IIF
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causes release of cytokines and other inflammatory mediators. This release produces a rapid
dermal immune response that can lead to ACD (ICCVAM 1999; Basketter et al. 2003; Jowsey
et al. 2006).

1.1.3 U.S. Consumer Product Safety Commission (CPSC) Nomination

On January 10, 2007, the CPSC formally requested that ICCVAM and the National Toxicology
Program Interagency Center for the Evaluation of Alternative Toxicological Methods
(NICEATM) evaluate several activities related to the LLNA.?® The nominated activities
included the following:

* The LLNA as a stand-alone assay for potency determination (including severity) for
classification purposes

* Non-radioactive LLNA protocols

* The reduced LLNA (rLLNA) (also known as the ‘‘cut-down’’ or “‘limit dose’’
LLNA procedure)

* The use of the LLNA to test mixtures, aqueous solutions, and metals

ICCVAM unanimously agreed that the nominated activities should have a high priority for
evaluation. ICCVAM’s advisory committee, the Scientific Advisory Committee on Alternative
Toxicological Methods (SACATM), also recommended that the nominated activities be
undertaken with a high priority.

As ICCVAM and NICEATM collaborate closely with the European Centre for the Validation
of Alternative Methods (ECVAM) and the Japanese Center for the Validation of Alternative
Methods, both organizations identified liaisons to the ICCVAM Immunotoxicity Working
Group to facilitate the evaluations requested by the CPSC.

1.1.4 Description of the Reduced Murine Local Lymph Node Assay

Kimber and colleagues initially discussed the rLLNA in a 2006 publication (Kimber et al.
2006). The rLLNA was also discussed in two posters (Basketter et al. 2007; Chaney et al. 2007,
subsequently published as Ryan et al. 2008) and one platform presentation (Basketter 2007) at
the Society of Toxicology (SOT) Annual Meeting in Charlotte, NC, on March 25-29, 2007.

The protocol for the rLLNA is identical to that of the traditional LLNA (as described in the
1999 ICCVAM-recommended protocol) with one exception. In the traditional LLNA, three
dose levels of each test substance are tested, while in the rLLNA only the highest dose level
that does not induce systemic toxicity and/or excessive skin irritation is tested for skin-
sensitizing activity (Kimber et al. 2006).

The term “limit dose,” sometimes used to refer to the rLLNA, accurately depicts a modified
LLNA that tests only the highest dose level that does not induce local irritation and/or systemic
toxicity. The terms “cut-down” and “reduced” LLNA also accurately describe the reduction in
the number of doses tested and emphasize the reduction in the number of animals used to
perform the test. For consistency with the terminology presented in the publications that first
described this version of the LLNA, the term “reduced LLNA” (rLLNA) will be used.

3% Available at http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA_nom.pdf
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1.1.5 Results of an ECVAM Peer Review of the rLLNA

The ECVAM Scientific Advisory Committee (ESAC) established a review panel to
retrospectively analyze the published LLNA data to determine if limiting the number of test
substance dose levels to only the highest dose level could successfully reduce the number of

animals used per test. The review was based on the evaluation published by Kimber et al.
(2006). At its semi-annual meeting on April 2627, 2007, ESAC reviewed the rLLNA.

The ESAC statement on the rLLNA, dated April 27, 2007 (Annex I), states that:

“... the peer reviewed and published information is of a quality and nature to support
the use of the rLLNA within tiered-testing strategies to reliably distinguish between
chemicals that are skin sensitisers and non-sensitisers, and that animal use can be
minimised providing:

* The concentration used to evaluate sensitisation potential is the maximum
consistent with solubility and the need to avoid local and other systemic adverse
effects, and that this principle rather than strict adherence to the specific
recommended absolute concentrations as in OECD TG 429 should be used.

* Negative test results associated with testing using concentrations of less than 10%
should undergo further evaluation.

* Positive and negative (vehicle) control groups are used, as appropriate, per OECD
TG 429.

* The full LLNA should be performed when it is known that an assessment of
sensitisation potency is required.”

The ESAC statement also recommends “that further work should be undertaken to determine if
the 10% concentration threshold referenced above is optimal.”

1.2 Regulatory Rationale and Applicability of the rLLNA

Current regulatory testing requires assessment of the potential skin sensitization hazard of
regulated substances/products. The rLLNA is being considered for use in identifying skin
sensitizers in a weight-of-evidence strategy such as that proposed in the United Nations
Globally Harmonised System of Classification and Labelling of Chemicals (U.N. 2005). Unlike
the traditional LLNA, the rLLNA evaluates the ability of a substance to be a sensitizer based on
testing a single, highest-testable dose level; therefore, dose-response information is not
generated. Thus, the rLLNA is being proposed for “yes/no” identification of sensitization
hazards.

1.3 Scientific Basis for the rLLNA

1.3.1 Purpose and Mechanistic Basis

The purpose of the rLLNA is to identify potential skin sensitizers by quantifying lymphocyte
proliferation in the draining auricular lymph nodes after application of a test substance to the
ears of a mouse. The mechanistic basis is identical to that of the traditional LLNA (see Section
1.1.2).
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1.3.2  Applicability Domain

The applicability domain of the rLLNA should be identical to that of the traditional LLNA. The
traditional LLNA was not recommended for the testing of metals, mixtures/extracts,
pharmaceuticals, or strong dermal irritants (ICCVAM 1999).

14 Test Method Validation

The ICCVAM Authorization Act of 2000 (Sec. 4(c)) mandates that “[e]ach Federal Agency ...
shall ensure that any new or revised ... test method ... is determined to be valid for its proposed
use prior to requiring, recommending, or encouraging [its use]” (Public Law 106-545, 42
United States Code 285/-3).

Validation is the process by which the reliability and relevance of an assay for a specific
purpose are established (ICCVAM 1997). Relevance is the extent to which an assay will
correctly predict or measure the biological effect of interest ICCVAM 1997). For the rLLNA,
relevance is determined by how well the assay identifies (1) substances capable of producing
skin sensitization in humans and (2) substances that should be assessed using a diverse set of
substances that represent both of the types of chemical and product classes to be tested and the
range of responses to be identified.

Reliability is the reproducibility of a test method within and among laboratories. The validation
process provides data and information that allow U.S. Federal agencies to develop guidance on
the use of test methods in evaluating the skin sensitization potential of substances.

The first stage in this evaluation is the preparation of a draft background review document
(BRD) that comprehensively reviews the relevant data and information about a test method,
including its mechanistic basis, proposed uses, reliability, and performance characteristics
(ICCVAM 1997). The draft BRD is made available to the public and an independent scientific
peer review panel (Panel) for review and comment. ICCVAM considers these comments and
those of SACATM as they finalize the BRD. ICCVAM provides the final BRD to regulatory
agencies for consideration as part of the ICCVAM Test Method Evaluation Report.

1.5 Selection of Citations for the rLLNA BRD

The test method data summarized in this BRD were obtained from the original LLNA
evaluation (ICCVAM 1999), peer-reviewed scientific literature, the 2007 SOT Annual Meeting,
and responses to a Federal Register (FR) notice requesting such data (72 FR 27815, May 17,
2007%%). The terms “reduced LLNA,” “cut-down LLNA,” “limit dose LLNA,” and “limit test
LLNA” were used to search MEDLINE®, TOXLINE®, and Web of Science® for publications
relevant to the rLLNA test method. A review of these databases through December 2007
revealed two published reports (Kimber et al. 2006; Ryan et al. 2008 [published online ahead of
print as Ryan et al. 2007]). The rLLNA was also represented at the 2007 SOT Annual Meeting
in two posters (Basketter et al. 2007; Chaney et al. 2007, subsequently published as Ryan et al.
2008) and one platform presentation (Basketter 2007).

% Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7 9544 pdf
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2.0 rLLNA Protocol Components

2.1 Overview

The technical aspects of the rLLNA are identical to those of the traditional LLNA; the two
methods differ only in the number of test substance dose levels tested (Kimber et al. 2006). In
the traditional LLNA, each test substance is tested at a minimum of three dose levels. The
highest dose level is the maximum soluble concentration that does not cause systemic toxicity
and/or excessive local irritation (ICCVAM 1999). In the rLLNA, in addition to the concurrent
vehicle-control group, each test substance is tested at only the highest testable dose level
(Kimber et al. 2006).

A Stimulation Index (SI) is calculated as the ratio of radioactivity incorporated into the cells of
draining auricular lymph nodes of the treated animals to that of the vehicle-control animals. In
both the traditional LLNA and the rLLNA, the threshold for classifying a substance as a skin
sensitizer is an SI > 3.

2.2 Basis for Test Method Selection

The rLLNA was proposed by Kimber et al. (2006) in an effort to reduce the number of animals
used for skin sensitization testing and as a means of streamlining the LLNA for testing that will
be required under the Registration, Evaluation and Authorisation of Chemicals regulations
(Kimber et al. 2006).

23 Proprietary Test Method Components

The rLLNA does not employ any proprietary components.

2.4  Basis for the Number of Mice per Dose Group

The basis for the number of mice per dose group in the rLLNA is the same as that for the
traditional LLNA (ICCVAM 1999).

2.5  Study Acceptance Criteria

Similar to the traditional LLNA, in order for an rLLNA study to be considered acceptable, the
positive control must yield an SI> 3 (ICCVAM 1999).

2.6 Basis for Selection of the Test Substance Dose

As noted in Section 2.1, the rLLNA tests each substance at only the highest testable dose level,
in addition to the concurrent vehicle control. Consistent with the criteria for selecting the
highest dose level in the traditional LLNA (ICCVAM 1999), the dose level used to evaluate
sensitization potential in the rTLLNA should be the maximum soluble concentration that does
not cause systemic toxicity and/or excessive local irritation (ICCVAM 1999).
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3.0 Substances Used for Validation of the rLLNA

3.1 Rationale for the Substances or Products Included in the Evaluation

Data from 471 LLNA studies were obtained from 12 sources (Table D-1), including published
reports and unpublished data submitted to NICEATM in response to 72 FR 27815.%

3.2 Rationale for the Number of Substances Included in the Evaluation

The database from the 471 traditional LLNA studies included 457 unique substances,*' 211 of
which were included in the original ICCVAM evaluation of the traditional LLNA (ICCVAM
1999). Fourteen of the 457 unique substances were tested two to five times each in different
LLNA studies. Specifically, nine of the 14 substances were evaluated two to five times in
different vehicles, and five of the 14 substances were evaluated two to five times in the same
vehicle. Two of the five substances evaluated in the same vehicle (hexyl cinnamic aldehyde
[HCA] and potassium dichromate) were also tested using different vehicles (one study for HCA
and two studies for potassium dichromate). Due to the small number of repeated studies (5% of
total studies), all were treated independently for accuracy evaluation. When the studies for the
substances repeated in the same vehicle were considered together to yield an overall skin
sensitization classification, there were 465 studies with unique substance—vehicle combinations.

3.3 Detailed Description of Substances Included in the Evaluation

Annex II provides information on the physicochemical properties (e.g., physical form tested),
Chemical Abstracts Service Registry Number (CASRN), and chemical class for each substance
tested. This information was obtained from the published reports, submitted data, or literature
searches.

When available, chemical classes for each substance were retrieved from the National Library
of Medicine’s ChemIDplus® database. If chemical class information was not located, chemical
classes were assigned for each test substance using a standard classification scheme based on
the National Library of Medicine Medical Subject Headings.*> A substance could be assigned
to more than one chemical class; however, no substance was assigned to more than three
classes. Certain complex pharmaceuticals and pharmaceutical intermediates were simply
identified as pharmaceutical substances. Chemical class information is presented only to
indicate the variety of structural elements present in the substances evaluated in this analysis;
it is not intended to evaluate the impact of structure on skin sensitization activity or potency.

* May 17, 2007, available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7_9544.pdf

*! Some substances were tested in more than one vehicle. In such instances, each substance—vehicle combination
was considered separately, thus a total of 465 unique substance—vehicle combinations were evaluated.

2 Available at http://www.nlm.nih.gov/mesh/meshhome.html
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Table D-1 Summary of Traditional LLNA Data Sources and Rationale for Substance

Selection
Number of

Data Source Studies | Primary Data Source and Substance Selection Rationale

Gerberick et al. (2005)1 210 Compiled from previously conducted studies (published literature
and unpublished sources) on substances with varying skin
sensitization potential

M.J. Olson/GlaxoSmithKline 124 Pharmaceuticals, pharmaceutical intermediates

Basketter, Gerberick, and Kimber® 31 Compiled from previously conducted studies (published literature
and unpublished sources) on substances with varying skin
sensitization potential

K. Skirda/CESIO (TNO Report 18 Data were provided by CESIO member companies for use in a

V7217) paper titled “Limitations of the Local Lymph Node Assay (LLNA)
as preferred test for skin sensitisation: concerns about false positive
and false negative test results” (TNO report V7217)

Lalko and Api (2006) 17 Original research conducted on essential oils, which were
representative of the oils commonly used in perfumery. Each
contains significant amounts of one or more known skin
sensitizers.

H.W. Vohr/BGIA 16 Original research with epoxy resin components as part of a
validation effort for non-radioactive versions of the local lymph
node assay

Ryan et al. (2002) 15 Original research with known water-soluble haptens and known
skin sensitizers to assess the usefulness of a novel vehicle

D. Germolec/NIEHS 15 Substances evaluated by the National Toxicology Program for
skin sensitization potential

E. Debruyne/Bayer CropScience 10 Original research on different pesticide types and formulations

SA

P. Ungeheur/EF{CI 9 Data for selected unsaturated chemicals were provided in the
report entitled “Comparative Experimental Study on the Skin
Sensitising Potential of Selected Unsaturated Chemicals as
Assessed by the Murine Local Lymph Node Assay (LLNA) and
the Guinea Pig Maximisation Test (GPMT)”

P. Botham/ECPA 6 Plant protection products (i.e., pesticides) were evaluated in the
local lymph node assay with a novel vehicle to assess its
usefulness

Basketter et al., 2007 1 Original research that re-evaluated resorcinol in the local lymph
node assay, which identified resorcinol as a sensitizer.

Total 471°

Abbreviations: BGIA = Berufsgenossenschaftliches Institut fur Arbeitsschutz; CESIO = Comite Europeen des Agents de

Surface et de Leurs Intermediaires Organiques; ECPA = European Crop Protection Association; EFfCI = European Federation

for Cosmetic Ingredients; NIEHS = National Institute for Environmental Health Sciences: TNO = TNO Nutrition and Food

Research

! These data were submitted to ICCVAM in 1998 for the original evaluation of the validation status of the LLNA (ICCVAM
1999) and were evaluated by the European Centre for the Validation of Alternative Methods (ECVAM) Scientific Advisory
Committee in its evaluation of the rLLNA (Gerberick et al. 2005).

? Data were included in a submission to ECVAM for the validation of the traditional LLNA as a stand-alone assay for potency
determination.

3 The total number of studies does not take into account the fact that some substances were tested more than once (see
Section 3.2)
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Table D-2 provides chemical class information for the test substances in this TLLNA
evaluation. The table distinguishes the chemical classifications of the 211 substances in the
original evaluation of the rLLNA (Kimber et al. 2006; ESAC 2007) and the chemical
classifications of the additional substances received in response to 72 FR 27815.* Of the 211
substances initially evaluated by Kimber et al. (2006), the known chemical classes with the
greatest number of substances were carboxylic acids (29) and halogenated hydrocarbons (27).
Of the additional 246 substances in this evaluation, the known chemical classes with the
greatest number of substances tested were pharmaceutical chemicals (125), carboxylic acids
(15), and lipids (14). Ten of the substances included in this evaluation were formulations.
Seventy substances could not be assigned to a specific chemical class due to incomplete
information (e.g., the lack of a CASRN or structure).

34 Coding Procedures

Neither the previous evaluation of these 211 substances (ICCVAM 1999) nor any additional
studies used in this evaluation describe coding of substances to avoid potential scoring bias.

Table D-2 Chemical Classes' Represented in the Current Traditional LLNA Database

Number of | Number of Number of Number of
Substances - | Substances - Substances - | Substances -
Chemical Class Original2 Additional® Chemical Class Original Additional
Alcohols 9 4 Inorganic Chemicals 0 2
Aldehydes 21 4 Isocyanates 1 0
Amides 4 0 Ketones 5 0
Amidines 0 Lactones 2 2
Amines 14 7 Lipids 7 14
Anhydrides 1 0 Macromolecular 0 5
Substances’
Carbohydrates 3 2 Nitriles 1 1
Carboxylic Acids 29 15 Nitro Compounds 2 0
Esters 3 0 Nitroso Compounds 3 0
Ethers 14 2 Onium Compounds 1 0
Formulations® 0 10 Pharmaceutical 0 125
chemicals®

Heterocyclic Compounds 18 4 Phenols 18 2
Hydrocarbons, Acyclic 2 1 Polycyclic Compounds 5 3
Hydrocarbons, Cyclic 14 7 Quinones 1 1
Hydrocarbons, Halogenated 27 1 Sulfur Compounds 20 2
Hydrocarbons, Other 7 8 Urea 3 0
Imines 0 1 Unknown 28 42

Total number of substances assigned to chemical classes does not equal the total number of substances evaluated because some substances
were assigned to more than one class and some substances were not assigned to a specific chemical class.
2 Number of substances - original represents the substances evaluated in Kimber et al. (2006).

Number of substances - additional represents the substances received in response to 72 FR 27815 (May 17, 2007) (see below)
* No chemical class could be assigned. The terms “formulation” or “macromolecular substance” was used to identify these substances.
* The chemical classification of "pharmaceutical chemicals" for the GlaxoSmithKline (GSK) substances was suggested by Dr. Michael Olson
of GSK to capture three types of pharmaceutical substances (actives, intermediates, and starting materials).

* May 17, 2007, available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7_9544.pdf
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4.0 Comparative In Vivo Reference Data — the Traditional LLNA

4.1 The Traditional LLNA Protocol Used to Generate Comparative In Vivo
Reference Data

As described in Section 2.1, the traditional LLNA protocol was consistent with the original
ICCVAM-recommended protocol (ICCVAM 1999). That original LLNA test method protocol
was accepted by U.S. regulatory agencies (e.g., 2003 EPA Health Effects Test Guidelines) and
is itself consistent with procedures described in OECD TG 429, having served as the basis for
development of the test guideline. Still, TG 429 allows for more procedural variation than the
ICCVAM-recommended protocol (ICCVAM 1999).

4.2 Comparative Traditional LLNA Reference Data Used

The traditional LLNA data used to evaluate the rLLNA were obtained from 12 sources

(Table D-1). In addition to calculated SI values for each of the tested dose levels, the vehicle
tested and values for the estimated concentration needed to produce an SI of 3 (EC3) for
substances classified as sensitizers were provided in Gerberick et al. (2005). The data received
in response to 72 FR 27815 (May 17, 2007*") included calculated SI values for each of the
dose levels tested and the vehicle used. If EC3 values were not included in the data source,
they were calculated, where possible, using either interpolation or extrapolation (Dearman et
al. 2007). This information and the database (by each source) follow in Annex III.

4.3  Availability of Original Records for Comparative Traditional LLNA Reference
Data

An attempt was made to obtain the original records for the traditional LLNA data through the
FR notice (72 FR 27815, May 17, 2007*) and requests to specific stakeholders. Although the
original study records were not obtained for any of the studies, compiled in vivo reports and/or
transcribed results were obtained and/or are available for all studies included in this evaluation.

4.4 Quality of Comparative Traditional LLNA Reference Data

Good Laboratory Practice (GLP) guidelines are internationally recognized rules designed to
produce high-quality laboratory records (OECD 1998; EPA 2006a, 2006b; U.S. Food and Drug
Administration [FDA] 2007a). They provide an internationally standardized procedure for the
conduct of studies, reporting requirements, archiving of study data and records, and information
about the test protocol to ensure the integrity, reliability, and accountability of a study.

Ideally, all data supporting the validity of a test method should be obtained from studies
reported and conducted in accordance with GLP guidelines. The extent to which the traditional
LLNA studies complied with GLP guidelines is based on the information provided in published
and submitted reports. Based on the available information, the following papers and data
submissions were identified as originating from studies that followed GLP guidelines or used
data obtained according to GLP guidelines:

¢ H.W. Vohr/Berufsgenossenschaftliches Institut fur Arbeitsschutz (BGIA)

* Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7_ 9544 pdf
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P. Ungeheuer/European Federation for Cosmetic Ingredients (EFfCI)

E. Debruyne/Bayer CropScience SA

P. Botham/European Crop Protection Association (ECPA)

M.J. Olson/GlaxoSmithKline (GSK)

* D. Germolec/National Institute for Environmental Health Sciences (NIEHS)

The publication by Gerberick et al. (2005) does not address the GLP compliance of any of the
studies discussed. Several of the substances listed in Gerberick et al. (2005) were included in
the original LLNA submission to ICCVAM (ICCVAM 1999). According to the submission,
“Much of the data used here to support this submission and much of the data contained within
the publications cited in this document have been derived from audited Good Laboratory
Practice (GLP) compliant studies. Where this is not the case all investigations have been
conducted to the spirit of GLP or Good Research Practice in GLP compliant facilities”
(reproduced in ICCVAM 1999). Furthermore, in response to requests from ICCVAM, records
were provided indicating compliance with GLP guidelines for some of the studies.

4.5  Accuracy and Reliability of the Traditional LLNA

4.5.1 Accuracy

ICCVAM (1999) reviewed the performance of the traditional LLNA with comparisons to

(1) the Guinea Pig Maximization Test and the Buehler Test (EPA 2003) and (2) human results
obtained from the human maximization test” and human patch test allergen* panels. The
evaluation concluded that the LLNA demonstrated adequate accuracy (ICCVAM 1999).

4.5.2 Reliability

ICCVAM (1999) also reviewed the reliability of the traditional LLNA as assessed by intra- and
interlaboratory reproducibility. The evaluation concluded that the LLNA demonstrated
adequate intra- and interlaboratory repeatability and reproducibility ICCVAM 1999).

* The human maximization test involves application of occluded patches on the same skin site with a rest
period between each reapplication. Two weeks after the last induction patch, sensitization is evaluated using a
48-hour occluded patch test. The site is scored 24 and 48 hours after patch removal.

* Allergen patch tests are diagnostic tests applied to the surface of the skin to identify the cause of contact
dermatitis. Chemicals and substances included in these tests (e.g., nickel, rubber, and fragrance mixes) are
known to cause contact dermatitis (i.e., skin sensitization) (http://www.fda.gov/cber/allergenics.htm).
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5.0 rLLNA Test Method Data and Results

5.1 Description of the rLLNA Test Method Protocol Used to Generate Data

No specific rLLNA studies were conducted for this evaluation; rather, data from traditional
LLNA studies were evaluated retrospectively. The only difference in the test method protocols
between the traditional LLNA and the rLLNA is the number of dose levels tested. In the
traditional LLNA, at least three test-substance dose levels are tested, with the highest dose level
based on maximum solubility and the avoidance of systemic toxicity and/or excessive local
irritation. In contrast, only the highest dose level of a substance is tested in the rLLNA (Kimber
et al. 2006). This retrospective evaluation assumes that the top dose level tested in the
traditional LLNA studies was in fact the maximum soluble concentration that did not cause
overt systemic toxicity and/or excessive local irritation. Because the criteria for choosing the
top dose in the traditional LLNA and in the rLLNA are the same, the maximum dose level
tested should be the same for both. However, it is important to consider that the highest possible
dose level selected in a prospective validation study may differ between the two versions of the
LLNA. Thus, the accuracy analysis of these same substances in a prospective rLLNA study
may differ from the accuracy analysis obtained in this retrospective rTLLNA analysis.

5.2 Availability of Original rLLNA Data Used to Evaluate Accuracy and Reliability

While original study records were not obtained for any of the previously conducted studies,
compiled in vivo reports and/or transcribed results were obtained and/or available for all studies
included in this evaluation."’

5.3 Description of the Statistical Procedure Used to Evaluate rLLNA Data

The performance analysis in this BRD focuses on the ability of the rLLNA to identify potential
skin sensitizers as determined by the calculated SI for each test substance (see Section 2.1).

5.4  Summary of Results

The data evaluated here were obtained from 12 sources (Table D-1). Where available, the
specific information extracted for each substance includes its name, CASRN, physicochemical
properties (e.g., form tested, Log Ko.,), and chemical class™ (Annex IT). Dose levels tested,
along with calculated SI and/or EC3 values, sensitizing hazard classification, and the data
source are provided in Annex IIL. If EC3 values were not included in the data source, they were
calculated, where possible, using either interpolation or extrapolation (Dearman et al. 2007).
Other than the information provided in the submitted data, no additional attempt was made to
identify the source or purity of the test substance.

*"The LLNA data for several of the substances evaluated for this report were included in the database that was
submitted to ICCVAM in 1998 for the initial evaluation of LLNA (ICCVAM 1999). Therefore, some of the
original data for these substances were available for review.

* Chemical classes were assigned by NICEATM based on the classification of the National Library of
Medicine’s Medical Subject Heading (available at http://www.nlm.nih.gov/mesh/meshhome.html).
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5.5 Use of Coded Substances

Neither the previous evaluation of these 211 substances (ICCVAM 1999) nor any additional
studies used in this evaluation describe coding of substances to avoid potential scoring bias.

5.6  Lot-to-Lot Consistency of Test Substances

Ideally, a single lot of each substance is used during the validation of a test method. In
situations where multiple lots of a chemical must be used, the lot-to-lot consistency of a test
substance must be evaluated to ensure the consistency of the substance evaluated over the
course of the study. The procedures used to evaluate lot-to-lot consistency are described in the
published reports. No attempt was made to review original records to assess the procedures
used to evaluate different batches.

Data submitted by P. Botham/ECPA, P. Ungheuer/EF{CI, and D. Germolec/NIEHS included
the source and the batch number of each tested substance.
5.7  Availability of Original Data for External Audit

The LLNA data included in the ICCVAM (1999) database were reviewed during the original
evaluation. The original data for the other studies included in this evaluation were not available.
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6.0 Accuracy of the rLLNA

6.1 Performance Statistics

A critical component of a formal evaluation of the validation status of a test method is an
assessment of the accuracy of the proposed tested method when compared to the current
reference test method (ICCVAM 2003). This aspect of assay performance is typically evaluated
by calculating:

* Accuracy (concordance): the proportion of correct outcomes (positive and negative) of a
test method

* Sensitivity: the proportion of all positive substances that are classified as positive
* Specificity: the proportion of all negative substances that are classified as negative

* Positive predictivity: the proportion of correct positive responses among substances
testing positive

* Negative predictivity: the proportion of correct negative responses among substances
testing negative

* False positive rate: the proportion of all negative substances that are falsely identified as
positive

* Fualse negative rate: the proportion of all positive substances that are falsely identified as
negative

The ability of the rLLNA to correctly identify potential skin sensitizers was compared to that of
the traditional LLNA for 471 studies.*” Of the 471 studies, 318 detected skin sensitizers and

153 detected non-sensitizers.”® Classification of substances and complete data for each
substance are located in Annex III. When studies for the substances tested more than once in
the same vehicle were considered together to yield an overall skin sensitization classification,
465 unique substance—vehicle combination studies resulted. Of these, 315 detected sensitizers
and 150 detected non-sensitizers.

Based on the available study data, the rLLNA has an accuracy of 98.7% (465/471), a sensitivity
of 98.1% (312/318), a specificity of 100% (153/153), a false positive rate of 0% (0/153), and a
false negative rate of 1.9% (6/318) when compared to the traditional LLNA. When substances
tested more than once in the same vehicle were considered together, the resulting 465 studies
give an accuracy of 98.7% (459/465), a sensitivity of 98.1% (309/315), a specificity of 100%
(150/150), a false positive rate of 0% (0/150), and a false negative rate of 1.9% (6/315). The
performance characteristics of the rTLLNA as discussed in Kimber et al. (2006) are presented in
Table D-3.

* Due to the small number of repeated studies (5%), all studies were treated independently for this accuracy
evaluation. When the studies for the substances repeated in the same vehicle were considered together to yield
an overall skin sensitization classification, there were 465 studies with unique substance—vehicle combinations.

%% For two of the repeated studies (HCA and linalool alcohol), the LLNA obtained discordant results. In both
cases, one study classified the substance as a non-sensitizer and the other classified it as a sensitizer. Review
of the studies indicates differences in the highest dose levels tested. For each of the studies, the traditional
LLNA and the rLLNA both classified the substance as a sensitizer or as a non-sensitizer.
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Table D-3 Performance of the rLLNA in Predicting SKkin Sensitizers Compared to the Traditional LLNA

Positive Negative False False
Accuracy Sensitivity Specificity Predictivity Predictivity Positive Negative
Data N % No. % No. % No. % No. % No. % No. % No.

Kimber et al. (2006) 211 98.6 | 208/211 | 98.2 | 166/169 100 42/42 100 | 166/166 | 93.3 42/45 0 0/42 1.8 3/169

rLLNA 471 98.7 | 465/471 | 98.1 | 312/318 100 153/153 100 | 312/312 | 96.2 | 153/159 0 0/153 1.9 6/318
rLLNA - substances
repeated in the same | 405 | 9g 7 | 450/465 | 98.1 | 309/315 | 100 | 150/150 | 100 | 309309 | 96.2 | 150/156 | 0 | 04150 | 1.9 | 6/315

vehicle were

considered together

Abbreviations: N = number of studies; No. = numbers used to calculate percentage
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Kimber et al. (2006) proposed that a minimum testing concentration be considered for the
purpose of judging the appropriateness of a non-sensitizing classification for a test substance. In
their evaluation, Kimber et al. proposed testing a minimum concentration of 10% in a dose
solution (2006). However, lack of sensitizing potential at 10% does not necessarily indicate that
a substance will not elicit skin sensitization when tested at a higher concentration. In fact, 51
substances (16% [51/315]) within the current database were non-sensitizers at concentrations of
10%°" but were sensitizers at higher concentrations (see Annex IV).

According to the 1999 ICCVAM-recommended LLNA protocol, the maximum concentration
tested should be “the highest achievable level while avoiding overt systemic toxicity and/or
excessive local irritation.” Similar text is included in OECD TG 429 (2002). Thus, setting a
minimum testing concentration is not advised because the maximum soluble concentration that
avoids systemic toxicity and/or excessive local irritation may be less than 10% with a non-
sensitizing result.

6.2 Discordant Results

In the current analysis, six substances yielded false negative results in the rLLNA. The
discordant substances were 2-methyl-2H-isothiazol-3-one, C19-azlactone, azithromycin,
camphorquinone, nickel sulfate, and a substance designated as non-ionic surfactant 2. A review
of the data for the false negatives indicates that the traditional LLNA classification of the
substances as skin sensitizers was based on a low- or mid-dose level that produced an SI > 3,
while the highest dose level tested produced an SI < 3 (see Table D-4). Because the rLLNA
evaluates only the highest dose level tested, all six substances were identified as non-sensitizers
(i.e., false negatives). Four of the six substances that resulted in false negatives using the
rLLNA compared to the traditional LLNA came from LLNA studies that used pooled data.
Graphs of the dose-response curves for these six substances are provided in Figure D-1.

Table D-4 Traditional LLNA Data for Substances Identified as False Negatives by the

rLLNA
Traditional LLNA Data |Traditional LLNA Data
(Low- or Mid-Dose Level) | (Highest Dose Level)
Substance Vehicle EC3 | Dose (%) SI Dose (%) SI
2-methyl-2H-isothiazol-3-one AOO 1.9 2.5 3.8 5 2.5
C19-azlactone AOO 26 29.33 3.1 58.67 2.5
Azithromycin Acetone NC' 10 3.7 40 2.1
Camphorquinone AOO 10 10 3.0 25 1.7
Nickel sulfate Pluronic L92 2.5 2.5 3.0 5 2.3
(1%)
Non-ionic surfactant 2 AOO 47.1 50 32 100 2.9

Abbreviations: AOO = acetone: olive oil (4:1 by volume); EC3 = estimated concentration needed to produce a
stimulation index of 3; NC = not calculated; SI = stimulation index
" Data was not calculated because extrapolation between points that bracket an SI of 3 could not be done.

>l An initial dose was tested at a concentration of 10% or greater and resulted in an SI < 3, while a subsequent
higher concentration resulted in an SI > 3.
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Figure D-1

Dose-Response Curves for Substances Identified as Sensitizers by the

Traditional LLNA but as Non-Sensitizers by the rLLNA

2-Methyl-2H-isothiazol-3-one
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Note: The horizontal line in each figure indicates a stimulation index of 3, which is the threshold for a positive
response in the LLNA. Points on or above this line would indicate a positive (sensitizer) response, while
points below this line would indicate a negative (non-sensitizer) response.

Table D-5 provides a summary of the available physicochemical properties of these substances

and the vehicle used.
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Table D-5 Summary of Available Physicochemical Properties for False Negatives, as
Identified by the rLLNA

Molecular Weight

Substance CASRN Vehicle (g/mol) Kow'
2-Methyl-2H-isothiazol-3-one 2682-20-4 AOO 115.15 0.68°
C19-azlactone — AOO 379.63 5.21°
Azithromycin 83905-01-5 Acetone 748.99 3.24°
Camphorquinone 465-29-2 AOO 166.22 2.15°
Nickel sulfate 7786-81-4 Pluronic L92 (1%) 154.76 -0.17°
Non-ionic surfactant 2 — AOO — —

Abbreviations: AOO = acetone: olive oil (4:1 by volume); CASRN = Chemical Abstracts Service Registry

Number

' Kow represents the octanol-water partition coefficient (expressed on log scale).

? Kow calculated by the method of Moriguchi et al. (1994) and provided in Gerberick et al. (2005).

? Kow calculated by the method of Meylan and Howard (1995) and obtained from the web site
http://www.srcinc.com/what-we-do/databaseforms.aspx?id=385
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7.0  Reliability of the rLLNA

An assessment of test method reliability (intralaboratory repeatability and intra- and
interlaboratory reproducibility) is essential to evaluate the performance of an alternative test
method (ICCVAM 2003). Repeatability refers to the closeness of agreement between test
results obtained within a single laboratory when the procedure is performed on the same
substance under identical conditions within a given time period ICCVAM 1997, 2003).
Intralaboratory reproducibility refers to the determination of the extent to which qualified
personnel within the same laboratory can replicate results using a specific test protocol at
different times. Interlaboratory reproducibility refers to the determination of the extent to
which different laboratories can replicate results using the same protocol and test substances,
and indicates the extent to which a test method can be transferred successfully among
laboratories.

In the data review, interlaboratory reproducibility of the rTLLNA could be assessed with
traditional LLNA data available for only five substances that had been tested in the same
vehicle at multiple labs (Annex III). These are dinitrochlorobenzene (DNCB), HCA, linalool
alcohol, methyl salicylate, and potassium dichromate. Table D-6 provides a summary of the
responses obtained by the rLLNA. Among these five substances, tested independently in two to
three laboratories, DNCB, methyl salicylate, and potassium dichromate (3/5 = 60%) were
classified as sensitizers or non-sensitizers in all studies (i.e., 100% concordance). For the other
two substances, HCA and linalool alcohol, tested independently in two laboratories, one
traditional LLNA study indicated each substance as a sensitizer and the other traditional LLNA
study indicated each substance as a non-sensitizer.

Review of the studies indicates that the discordant results were due to differences in the highest
dose levels tested. However, because the rLLNA and traditional LLNA use identical protocols
and use similar data sets to evaluate the accuracy of the rLLNA and traditional LLNA, the
reliability of the two methods would be expected to be similar. That is, the intra- and
interlaboratory reliability of the r[LLNA would be expected to be similar to that of the
traditional LLNA (see ICCVAM 1999 for these statistics).
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Table D-6 rLLNA Responses for Repeated Studies

Traditional LLNA Response in Multiple Studies

rLLNA
Dose Dose Dose Dose Dose Dose Classification
Substance Data Source Vehicle (%)/SI (%)/SI (%)/SI (%)/SI (%)/SI (%)/SI !
1-Chloro-2- Gerberick et al. (2005) AOO | go1/150 | 00218 | 00524 | e o | 025380 1 g n
dinitrobenzene 0 0 0
Data submitted by D. 001/1.17 0.025/1.1 | 0.05/1.9 01/1.95 025/7.10 NA .
Germolec 2 3
Hexyl cinnamic Gerberick et al. (2005) AOO 2.5/1.30 5/1.10 10/2.50 25/10.00 50/17.00 NA +
aldehyde
Data Submitted by H.W. Vohr 2.5/1.10 5/1.20 10/2.84 NA NA NA -
Linalool alcohol Gerberick et al. (2005) AOO NA NA NA 25/2.50 50/4.80 100/8.30 +
Data Submitted by D.
Basketter, I. Kimber, and F. 1/1.00 10/1.30 30/1.30 NA NA NA -
Gerberick
Methyl salicylate Gerberick et al. (2005) AOO 1/1.00 2.5/1.10 5/1.60 10/1.40 20/0.90 NA -
Data submitted by D. 1086 | 25119 | 5116 | 10141 | 20/1.72 NA ;
Germolec
Potassium Gerberick et al. (2005) DMSO | 002516 1 051 40 | 0.1/3.80 | 025/5.30 | 051610 | NA +
dichromate 0
Data submitted by D. 0.0251.2 1 o os/184 | 01222 | 025339 | NaA NA +
Germolec 1
Ryan et al. (2002) 0'023/1'4 0.05/2.50 | 0.1/9.50 0'25(/)25'9 0.5/10.10 NA +

Abbreviations: AOO = acetone: olive oil; DMSO = dimethyl sulfoxide; NA = not applicable because dose level was not tested; SI = stimulation index
lo= non-sensitizer, + = sensitizer
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8.0 rLLNA Data Quality

8.1 Adherence to National and International GLP Guidelines

The extent to which the LLNA studies complied with GLP guidelines is based on the
information provided in published and submitted reports. Based on the available information,
the following papers and data submissions were identified as originating from studies that
followed GLP guidelines or used data obtained according to GLP guidelines: H.W. Vohr/BGIA,
P. Ungeheuer/EF{CI, E. Debruyne/Bayer CropScience SA, P. Botham/ECPA, M.J. Olson/GSK,
and D. Germolec/NIEHS.

8.2 Data Quality Audits

Formal assessments of data quality, such as quality assurance audits, generally involve a
systematic and critical comparison of the data provided in a study report to the laboratory
records generated for a study.

Much of the data published by Gerberick et al. (2005) was conducted following GLP guidelines
or were conducted in GLP-compliant facilities. Therefore, it was previously inferred that data
audits were conducted on the data (ICCVAM 1999).

A formal assessment of the quality of the remainder of the LLNA data included in this BRD
was not feasible. The published data on the LLNA were limited to tested concentrations and
calculated SI and EC3 values. Auditing the reported values would require obtaining the original
individual animal data for each LLNA experiment, which were not obtained. However, the
conduct of many of the studies according to GLP guidelines implies that an independent quality
assurance audit was conducted.

8.3 Impact of Deviations from GLP Guidelines

The impact of deviations from GLP guidelines cannot be evaluated for the data reviewed in this
BRD, because no information on data quality audits was obtained.

8.4  Availability of Laboratory Notebooks or Other Records

The original records were not obtained for the studies included in this evaluation. Data were
available for several of the substances included in the ICCVAM 1999 evaluation, thus some of
the raw data for these substances were available for review.
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9.0 Other rLLNA Scientific Reports and Reviews

9.1 Reports in the Peer-Reviewed Literature

A search of the terms “reduced LLNA,” “cut-down LLNA,” “limit dose LLNA,” and “limit test
LLNA” in the MEDLINE®, TOXLINE®, and Web of Science” search engines through
December 2007 produced one relevant published report in addition to that of Kimber et al.
(2006). Three related presentations (two posters and one platform) were included in the 2007
SOT Annual Meeting held in Charlotte, NC, from March 25-29. One of the posters (Basketter
et al. 2007) and the platform presentation (Basketter 2007) detailed the evaluation that resulted
in the Kimber et al. (2006) publication and are therefore not discussed below. The information
in the second poster, Chaney et al. (2007), described the impact of reducing the number of
animals per dose group on the performance of the rLLNA and is summarized below from the
subsequent publication (Ryan et al. 2008; published online ahead of print as Ryan et al. 2007).

9.1.1 Ryan et al. (2008)

Ryan et al. (2008) evaluated the impact of reducing the number of mice (from five animals to
two) on the performance characteristics using the rTLLNA. Nineteen sensitizing and five non-
sensitizing sustances were evaluated with 33 sensitizer datasets and eight non-sensitizer data

sets.

SI values were determined for all possible two-animal combinations for the control- and high-
dose groups. With 10 possible data combinations per experimental group, there were

100 possible sets of four values (two control animals and two high-dose animals) for each data
set. The 100 possible SI values, each based on a unique set of four values, were plotted for each
data set, and the percentage of combinations that resulted in an SI > 3 was calculated. Of the
sensitizers evaluated, at least 96% of the combinations yielded an SI > 3 for 76% (25/33) of the
data sets. Thirteen or fewer percent (<13%) of the possible combinations of non-sensitizers
(excluding three data sets for sodium lauryl sulfate) had an SI > 3. For the data sets with
threshold SI values (2—4.9), however, 90% or more of the combinations resulted in SI> 3 for
only 20% (4/20) of the sensitizers. Thirteen of the 20 (65%) sensitizer data sets had less than
75% of the combinations producing SI > 3. The authors concluded that the decreased sensitivity
produced by using two mice per group was inappropriate for using the rLLNA to identify skin
sensitization hazard.
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10.0 Animal Welfare Considerations

10.1 How the rLLNA will Refine, Reduce, or Replace Animal Use

Compared to the traditional LLNA, the rLLNA will reduce the number of animals used to
assess skin sensitization. In addition to a concurrent vehicle-control group and a positive-
control group, the traditional LLNA requires testing four to five mice with each of at least three
test-substance dose levels (ICCVAM 1999). Because the rLLNA tests only the highest dose
level of the test substance being evaluated, in addition to the concurrent control groups, the
number of animals tested would be decreased by at least 40% for each test.

10.2 Requirements for the Use of Animals

The rationale for the use of animals and the basis for determining the number of animals used in
the rLLNA are the same as those for the traditional LLNA (ICCVAM 1999).
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11.0 Practical Considerations

Several issues in addition to performance evaluations must be taken into account when
assessing the practicality of an alternative test method in comparison to the existing test
method:

* Assessments of the laboratory equipment and supplies needed to conduct the
alternative test method

* Level of personnel training
* Labor costs
* Time required to complete the test method

The time, personnel cost, and effort required to conduct the proposed test method(s) must be
considered reasonable in comparison to those of the test method it is intended to replace.

11.1 Transferability of the rLLNA

Test method transferability addresses the ability of a method to be performed accurately and
reliably by multiple laboratories (ICCVAM 2003), including those experienced in the particular
type of procedure as well as laboratories with less or no experience in the particular procedure.
The degree of transferability of a test method can be evaluated by its interlaboratory
reproducibility. Section 7.0 discusses the minimum variability expected. The transferability of
the rLLNA is equal to that of the traditional LLNA (ICCVAM 1999), which includes
considerations for the required facilities, major fixed equipment, and any other necessary
supplies.

11.2 rLLNA Training Considerations

The level of training and expertise needed to conduct the rLLNA, and the training requirements
needed to demonstrate proficiency, are identical to that for the traditional LLNA (ICCVAM
1999).

11.3 Cost Considerations

The rLLNA uses the same basic protocol as the traditional LLNA. However, because fewer
animals are tested, the related test costs (e.g., animal care, radioactivity, scintillation fluid, etc.)
would be expected to be proportionally lower than the traditional LLNA.

11.4 Time Considerations

Because at least 40% fewer animals are tested in the rLLNA than in the traditional LLNA, the
overall time required to conduct the method (e.g., dosing mice, removing the auricular lymph
nodes from the animals) would be expected to decrease proportionally.
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13.0 Glossary

Accuracy: (a) The closeness of agreement between a test method result and an accepted
reference value. (b) The proportion of correct outcomes of a test method. It is a measure of test
method performance and one aspect of relevance. The term is often used interchangeably with
concordance (see also two-by-two table). Accuracy is highly dependent on the prevalence of
positives in the population being examined.*

Allergic contact dermatitis (ACD): A Type IV allergic reaction of the skin that results from
repeated skin contact with a skin sensitizer. Clinical signs include the development of erythema
(redness) and edema (swelling), blistering, and itching. Also referred to as skin sensitization.

Assay: The experimental system used. Often used interchangeably with test and test method.*

Coded substances: Substances labeled by code rather than name so that they can be tested and
evaluated without knowledge of their identity or anticipation of test results. Coded substances
are used to avoid intentional or unintentional bias when evaluating laboratory or test method
performance.

Concordance: The proportion of all substances tested that is correctly classified as positive or
negative. It is a measure of test method performance and one aspect of relevance. The term is
often used interchangeably with accuracy (see also two-by-two table). Concordance is highly
dependent on the prevalence of positives in the population being examined.*

EC3: The estimated concentration needed to produce a stimulation index of 3, as compared to
the concurrent vehicle control.

Essential test method component: Structural, functional, and procedural elements of a test
method that are used to develop the test method protocol. These components include unique
characteristics of the test method, critical procedural details, and quality control measures.
Adherence to essential test method components is necessary when the acceptability of a
proposed test method is being evaluated based on performance standards derived from
mechanistically and functionally similar validated test method. [Note: Previously referred to as
minimum procedural standards.]*

False negative: A substance incorrectly identified as negative by a test method.*

False negative rate: The proportion of all positive substances falsely identified by a test
method as negative (see two-by-two table). It is one indicator of test method accuracy.*

False positive: A substance incorrectly identified as positive by a test method.*

False positive rate: The proportion of all negative substances that are falsely identified by a
test method as positive (see two-by-two table). 1t is one indicator of test method accuracy.*

Good Laboratory Practices (GLP): Regulations promulgated by the U.S. Food and Drug
Administration and the U.S. Environmental Protection Agency, and principles and procedures
adopted by the OECD and Japanese authorities, which describe record keeping and quality
assurance procedures for laboratory records that will be the basis for data submissions to
national regulatory agencies.*

The definitions in this glossary are restricted to their uses with respect to the rLLNA and the traditional LLNA.
* Definition used by ICCVAM (ICCVAM 2003).
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Hazard: The potential for an adverse health or ecological effect. Hazard potential results only if
an exposure occurs that leads to the possibility of an adverse effect being manifested.*

Interlaboratory reproducibility: A measure of whether different qualified laboratories using
the same protocol and test substances can produce qualitatively and quantitatively similar
results. Interlaboratory reproducibility is determined during the prevalidation and validation
processes and indicates the extent to which a test method can be transferred successfully among
laboratories.*

Intralaboratory repeatability: The closeness of agreement between test results obtained
within a single laboratory when the procedure is performed on the same substance under
identical conditions within a given time period.*

Intralaboratory reproducibility: The first stage of validation; a determination of whether
qualified people within the same laboratory can successfully replicate results using a specific
test protocol at different times.*

Immunological: Relating to the immune system and immune responses.
In vivo: In the living organism. Refers to assays performed in multicellular organisms.

Local lymph node assay (LLNA): An in vivo test method used to assess the skin sensitization
potential of a substance by measuring the proliferation of lymphocytes in the lymph nodes
draining the ears (i.e., auricular lymph nodes) of mice, subsequent to topical exposure on the
ear to the substance. The traditional LLNA measures lymphocyte proliferation by quantifying
the amount of tritiated thymidine ("H) incorporated into the cells of the draining lymph nodes.

Lymphocyte: A white blood cell found in the blood, lymph, and lymphoid tissues, which
regulates and plays a role in acquired immunity.

Negative predictivity: The proportion of correct negative responses among substances testing
negative by a test method (see two-by-two table). 1t is one indicator of test method accuracy.
Negative predictivity is a function of the sensitivity of the test method and the prevalence of
negatives among the substances tested.*

Non-sensitizer: A substance that does not cause skin sensitization after repeated skin contact.

Performance: The accuracy and reliability characteristics of a test method (see accuracy,
reliability).*

Positive control: A substance known to induce a positive response used to demonstrate the
sensitivity of the test method and to allow for an assessment of variability in the conduct of the
assay over time. For most test methods, the positive-control substance is tested concurrently
with the test substance and the vehicle/solvent control. However, for some in vivo test methods,
periodic studies using a positive-control substance is considered adequate by the OECD.

Positive predictivity: The proportion of correct positive responses among substances testing
positive by a test method (see two-by-two table). It is one indicator of test method accuracy.

The definitions in this glossary are restricted to their use with respect to the rTLLNA and the traditional LLNA.

* Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM 2003).
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Positive predictivity is a function of the sensitivity of the test method and the prevalence of
positives among the substances tested.*

Prevalence: The proportion of positives in the population of substances tested (see two-by-two
table).*

Protocol: The precise, step-by-step description of a test, including the listing of all necessary
reagents, criteria, and procedures for the evaluation of the test data.*

Quality assurance: A management process by which adherence to laboratory testing
standards, requirements, and record keeping procedures is assessed independently by
individuals other than those performing the testing.*

Reduction alternative: A new or modified test method that reduces the number of animals required.*

Reference test method: The accepted in vivo test method used for regulatory purposes to
evaluate the potential of a test substance to be hazardous to the species of interest.*

Refinement alternative: A new or modified test method that refines procedures to lessen or
eliminate pain or distress in animals or enhances animal well-being.*

Relevance: The extent to which a test method correctly predicts or measures the biological
effect of interest in humans or another species of interest. Relevance incorporates consideration
of the accuracy or concordance of a test method.*

Reliability: A measure of the degree to which a test method can be performed reproducibly
within and among laboratories over time. It is assessed by calculating intra- and interlaboratory
reproducibility and intralaboratory repeatability.*

Replacement alternative: A new or modified test method that replaces animals with non-
animal systems or one animal species with a phylogenetically lower one (e.g., a mammal with an
invertebrate).*

Reproducibility: The consistency of individual test results obtained in a single laboratory
(intralaboratory reproducibility) or in different laboratories (interlaboratory reproducibility)
using the same protocol and test substances (see intra- and interlaboratory reproducibility).*

rLLNA (reduced LLNA): Also called the cut-down LLNA, limit test LLNA, or LLNA limit
dose procedure. A variant of the traditional LLNA that employs a single high dose level of the
test substance rather than multiple dose levels to determine its skin sensitization potential.

Sensitivity: The proportion of all positive substances that are classified correctly as positive in
a test method. It is a measure of test method accuracy (see two-by-two table).*

Skin sensitizer: A substance that induces an allergic response following skin contact (U.N. 2005).

Specificity: The proportion of all negative substances that are classified correctly as negative in
a test method. It is a measure of test method accuracy (see two-by-two table).*

Stimulation index (SI): A value calculated for the local lymph node assay to assess the skin
sensitization potential of a test substance. The value is calculated as the ratio of radioactivity

The definitions in this glossary are restricted to their uses with respect to the rLLNA and the traditional LLNA.
* Definition used by ICCVAM (ICCVAM 2003).
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