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Preface

In 1999, the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) recommended the murine local lymph node assay (LLNA) to U.S. Federal
agencies as a valid substitute for currently accepted guinea pig test methods to assess the
allergic contact dermatitis potential of many, but not all, types of substances. The
recommendation was based on a comprehensive evaluation of the validation status of the
LLNA that included an assessment by an international independent scientific peer review
panel (hereafter, Panel). The LLNA was subsequently incorporated into national and
international test guidelines for the assessment of skin sensitization (OECD 2002; ISO 2002;
EPA 2003). (This LLNA will be referred to hereafter as the “traditional” LLNA.)

In January 2007, the U.S. Consumer Product Safety Commission formally requested that
ICCVAM assess the validation status of:*

e  The traditional LLNA as a stand-alone assay for potency determinations
(including severity) for the purpose of hazard classification

e  Three modifications of the traditional LLNA not requiring the use of

radioactive materials

e The reduced LLNA (rLLNA; also referred to as the LLNA limit dose
procedure)

e The ability of the traditional LLNA to test mixtures, metals, and aqueous

solutions (i.e., to re-evaluate the applicability domain for the traditional

LLNA)
The National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM), in coordination with ICCVAM and the [ICCVAM
Immunotoxicity Working Group (IWG), prepared comprehensive draft background review
documents (BRDs) for each modified version of the traditional LLNA test method being
evaluated, as well as a draft applicability domain addendum to the final BRD published
previously on the traditional LLNA. In addition, ICCVAM developed draft LLNA
performance standards intended for use in validating alternative test methods that are
functionally and mechanistically similar to the traditional LLNA. Finally, ICCVAM, based
on the information contained in each of the draft BRDs and the draft addendum, developed
draft test method recommendations.

The supporting documents and the draft ICCVAM recommendations were provided to a new
international Panel for an independent scientific review. This Panel met in public session in

2 The U.S. Consumer Product Safety Commission nomination can be obtained at:
http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA nom.pdf.
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March 2008.” Subsequent to the Panel review, finalized recommended performance
standards for the LLNA and ICCVAM recommendations for the TLLNA were published.’
The final documents considered the comments of the Panel, the public, and ICCVAM’s
scientific advisory panel.

The Panel concluded in March 2008 that more information and data were required for the
three modified nonradioactive LLNA test methods before recommendations could be made
regarding their use for regulatory safety testing (ICCVAM 2008). Similarly, the Panel
concluded that more data would be needed before a recommendation on the usefulness and
limitations of the current applicability domain of the traditional LLNA could be made.
Subsequent to the Panel meeting, NICEATM received additional LLNA data for pesticide
formulations and other products, as well as new data for the three modified nonradioactive
LLNA test methods.

Using the additional information and working in coordination with the IWG, NICEATM
revised the BRDs for each of these modified test methods and new applications of the LLNA.
The revised draft BRDs provide the data and analyses supporting the scientific validity of the
modified test methods and proposed applications. ICCVAM also prepared revised draft test
method recommendations regarding proposed usefulness and limitations, standardized
protocols, and future studies.

The revised draft BRDs, the revised draft applicability domain addendum, and revised draft
ICCVAM recommendations were provided to the Panel for independent scientific review. In
addition, NICEATM announced the availability of these documents on the NICEATM —
ICCVAM website for public comment in a Federal Register (FR) notice (74 FR 8974) and
via the ICCVAM email list. The FR notice also announced the public Panel meeting, to be
convened at the National Institutes of Health in Bethesda, Maryland, on April 28 — 29, 2009.

The Panel was charged with:

e Reviewing each revised draft BRD and the revised draft addendum for
completeness, and identifying any errors or omissions of existing relevant data
or information

e Evaluating the information in each revised draft BRD and the revised draft
addendum to determine the extent to which each of the applicable criteria for
validation and acceptance of toxicological test methods (ICCVAM 2003) had

* The conclusions and recommendations of the Panel are included in its report, which is available at:
http://iccvam.niehs.nih.gov/docs/immunotox _docs/LLNAPRPRept2008.pdf.

* The Recommended LLNA Performance Standards document is available at:
http://iccvam.niehs.nih.gov/docs/immunotox_docs/llna-ps/LLNAPerfStds.pdf; the ICCVAM
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been appropriately addressed for the recommended use of the new versions
and applications of the traditional LLNA

e  Considering the ICCVAM revised draft test method recommendations for the
following, and commenting on the extent to which they are supported by the
information provided in the revised draft BRDs and the revised draft
addendum:

—  Proposed test method uses
—  Proposed recommended standardized protocols
—  Proposed test method performance standards

—  Proposed additional studies

During its public meeting in April 2009, the Panel discussed each charge, listened to public
comments, and developed conclusions and recommendations for [CCVAM. The Panel
emphasizes that it was asked to consider two overall questions. The Panel was to consider:
(1) whether the validation status of each of the above proposed modifications or alternative
uses of the LLNA had been adequately characterized for its intended purpose according to
established ICCVAM validation criteria,” and (2) whether proposed modifications or
alternative uses of the LLNA are sufficiently accurate and reliable to be used for the
identification of sensitizing substances and nonsensitizing substances in place of the
traditional LLNA procedure.

This report details the Panel’s independent conclusions and recommendations. ICCVAM will
consider this report, along with all relevant public comments, as it develops final test method
recommendations. The final ICCVAM test method recommendations will be forwarded to
U.S. Federal agencies for their consideration in accordance with the ICCVAM Authorization
Act of 2000 (Public Law 106-545).

The Panel gratefully acknowledges the efforts of NICEATM staff in coordinating the
logistics of the peer review Panel meeting and in preparing materials for the Panel’s review.
The Panel also thanks each of the test method developers, Drs. George DeGeorge (LLNA:
bromodeoxyuridine detected by flow cytometry test method), Kenji Idehara (LLNA: Daicel
adenosine triphosphate test method), and Masahiro Takeyoshi, (LLNA: bromodeoxyuridine
detected by ELISA) for providing summaries and additional clarifications of the

recommendations for the rLLNA are in the ICCVAM Test Method Evaluation Report, available at:
http://iccvam.niehs.nih.gov/docs/immunotox_docs/LLNA-LD/TMER.pdf.

> ICCVAM validation criteria are detailed in the document, Validation and Regulatory Acceptance of
Toxicological Test Methods: A Report of the ad hoc Interagency Coordinating Committee on the Validation
of Alternative Methods, available at http://iccvam.niehs.nih.gov/docs/about_docs/validate.pdf.
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nonradioactive test methods under review. Finally, as Panel Chair, I thank each Panel
member for her or his thoughtful and objective review of these LLNA-related activities.
Michael Luster, Ph.D.

Chair, LLNA Peer Review Panel
June 2009
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Executive Summary

This report describes the conclusions and recommendations of an international independent
scientific peer review panel (hereafter, Panel). This Panel was charged by the Interagency
Coordinating Committee on the Validation of Alternative Methods (ICCVAM) with
evaluating the validation status of new versions and applications of the murine local lymph
node assay (LLNA) for assessing the allergic contact dermatitis (ACD) potential of
chemicals and products. The LLNA which was first evaluated in 1999 by ICCVAM is
hereafter referred to as the “traditional LLNA™ to distinguish it from other versions
considered by the Panel. The new versions and applications considered include:

e  The application of the traditional LLNA for evaluating pesticide formulations

and other products, metals, and substances in aqueous solutions

e Three modified versions of the traditional LLNA not requiring the use of
radioactive markers:

— LLNA: DA (LLNA: Daicel adenosine triphosphate)

— LLNA: BrdU-FC (LLNA: bromodeoxyuridine detected by flow
cytometry)

— LLNA: BrdU-ELISA (LLNA: bromodeoxyuridine detected by ELISA)

Nonradioactive LLNA Protocol — The LLNA: DA Test Method

The Panel concluded that the available data and performance support the revised draft
ICCVAM recommendations on usefulness and limitations for the LLNA: DA test method.
They agreed that the test method could be used for identifying substances as potential skin
sensitizers and nonsensitizers. On the basis of the available data, accuracy is optimized if a
stimulation index (SI) > 2.5 is used to identify sensitizers, and an SI < 1.7 is used to identify
nonsensitizers. A limitation of the LLNA: DA involves the indeterminate identification of
substances with SI values between 1.7 and 2.5 (exclusive). Thus, when an SI between 1.7 and
2.5 is obtained in the LLNA: DA, users should carefully interpret the results in an integrated
decision strategy in conjunction with all available and relevant information (e.g., dose
response information, statistical analyses, peptide-binding activity, molecular weight, results
from related chemicals, other testing data) to determine if there is adequate information for a
definitive skin sensitization identification or if additional testing is necessary. The Panel
noted that because the decision criteria chosen to identify sensitizers and nonsensitizers were
based on a post hoc analysis, prospective testing with the test method might affect the
proposed model. For this reason, data generated should be routinely evaluated to determine if
the proposed model is still optimal with regard to the decision criteria. Even with these
limitations, the LLNA: DA provides opportunities to reduce animal usage (e.g., use of guinea
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pigs) in those regions in which guinea pig tests rather than the traditional LLNA are
performed because radioisotope use is not permitted. In addition, the use of two decision
criteria allows for a more definitive identification of sensitizers and nonsensitizers, which
also provides animal welfare benefits by reducing further tests that might be required in

instances where the hazard classification of a substance is not as clear.

The revised draft LLNA: DA background review document (BRD) was compiled to provide
a comprehensive review of available data and information evaluating the usefulness and
limitations of the LLNA: DA test method to assess the ACD-inducing potential of chemicals
and other products. The Panel evaluated the revised draft BRD for completeness, errors, and
omissions, and recommended that its suggestions/corrections relating to general, statistical,

and specific editorial issues be incorporated into future revisions.

The Panel agreed that the data supported the revised draft ICCVAM recommendations for
the proposed standardized protocol for the LLNA: DA. The recommendations for
maintaining a positive control database reflect current evidence and best practice. The Panel
agreed that four animals per dose group should be recommended for the LLNA: DA.

The Panel considered the substances tested in the LLNA: DA to be representative of a
sufficient range of chemicals expected to be tested for skin sensitization potential, and
concluded that the accuracy analysis had made appropriate comparisons to the traditional
LLNA, guinea pig tests, and human data/experience. The Panel indicated that the number of
substances in the range of uncertainty was too few to determine if specific characteristics
(e.g., chemical class, physical form, molecular weight, peptide reactivity, etc.) associated
with those substances could be used for definitive skin sensitization identification.

With regard to test method reliability, the Panel concluded that the interlaboratory
reproducibility of the LLNA: DA had been adequately evaluated. The Panel noted that five
of the 10 laboratories that participated in the first phase of the interlaboratory validation
study exceeded the performance standards’ acceptable range for ECt values (estimated
concentration of a substance needed to produce an SI that is indicative of a positive response)
for 2,4-dinitrochlorobenzene (DNCB). The Panel indicated that this was understandable since
DNCB is a strong sensitizer and the LLNA: DA has a different dosing regimen and time
course than the traditional LLNA, which might extend into the elicitation phase of skin
sensitization. However, all the laboratories that participated in the first and second phase of
the interlaboratory validation study obtained EC2.5 values (estimated concentration of a
substance needed to produce an SI of 2.5) within the concentration range indicated for hexyl
cinnamic aldehyde (HCA), which documents the test method’s favorable reproducibility and
performance.

Xii
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The Panel stated that the available data supported the revised draft ICCVAM
recommendations for the LLNA: DA in terms of future studies, which included performing
more LLNA: DA studies on metals, irritants, and formulations with comparative traditional
LLNA, guinea pig, and human data. Regarding irritants, the proposed future studies might
help explain why results obtained using the LLNA: DA were discordant with the traditional
LLNA and may even provide general insight into the problematic nature of discriminating
irritants in the LLNA. The Panel also recommended that additional decision criteria and
guidance should be identified for substances with SI greater than 1.7 but less than 2.5, and
that the additional decision criteria be reassessed as additional discriminators and data
become available (e.g., high-quality human ACD data). The Panel recommended that a
protocol for defining and reevaluating the SI decision criteria for sensitizers and
nonsensitizers be developed. Further, future interlaboratory validation studies should
simultaneously evaluate intralaboratory reproducibility, using the appropriate statistics, to
evaluate variation both within a laboratory and between laboratories. Additionally, the Panel
strongly recommended that a statistician actively participate in the preparation of future
BRDs and formulation of ICCVAM recommendations.

The Panel disagreed with the revised draft ICCVAM recommendation that separate
performance standards be developed to assess modified versions of the LLNA: DA test
method. Although the test methods differ in the dosing regimen and in the timing of the
assay, the Panel viewed the LLNA: DA as mechanistically similar to the traditional LLNA,
in that both methods measure cellular stimulation in the draining lymph nodes. Consequently,
the Panel concluded that the ICCVAM-recommended LLNA performance standards
(ICCVAM 2009) are applicable to the LLNA: DA as a mechanistically and functionally
similar test method. Generally, the Panel viewed the difference in treatment schedule
between the LLNA: DA and the traditional LLNA to be potentially significant if the LLNA:
DA test progressed through the elicitation phase of skin sensitization, which is associated
with a localized skin reaction. Thus, the Panel was concerned that if the duration of the test
involved the elicitation phase of ACD development, this would produce undue discomfort
and distress in the animals. The Panel also recommended that the test method developer
(Daicel Chemical Industries, Ltd.) justify the use of 1% sodium lauryl sulfate (SLS) (i.e.,
determine whether the 1% SLS pretreatment is necessary).

Nonradioactive LLNA Protocol — The LLNA: BrdU-FC Test Method

The Panel concluded that the data and test method performance of the LLNA: BrdU-FC
supported the revised draft [CCVAM recommendations that the test method may be useful
for identifying substances as potential skin sensitizers or nonsensitizers, and agreed that
formal recommendations should be deferred until original study records are received for an

Xiii



Independent Peer Review Panel Report June 2009

independent audit and interlaboratory transferability and reproducibility have been assessed.
The final test method recommendations should highlight those items of highest priority for
further validation consideration: (1) a review of the original data at the individual animal
level with appropriate positive and negative controls, (2) an evaluation, based on the data
from the intralaboratory study data, of the minimum number of animals required per test
group to ensure test performance is as good as or better than the traditional LLNA, then (3)
an interlaboratory reproducibility study conducted and evaluated according to the
specifications in the ICCVAM-recommended LLNA performance standards (ICCVAM
2009) and with appropriate quality control systems. The Panel agreed that, subsequently, less
critical items (e.g., methodological specifics, immunophenotypic endpoints, alternative
decision criteria for identifying materials as sensitizers and nonsensitizers) should then be

evaluated.

The revised draft LLNA: BrdU-FC BRD was compiled to provide a comprehensive review
of available data and information evaluating the usefulness and limitations of the LLNA:
BrdU-FC test method to assess the ACD-inducing potential of chemicals and other products.
The Panel evaluated the revised draft BRD for completeness, errors, and omissions, and
recommended that its recommendations/corrections relating to general, statistical, and

specific editorial issues be incorporated into future revisions.

The Panel agreed that the available data supported the revised draft ICCVAM
recommendations for the proposed test method protocol for the LLNA: BrdU-FC procedure.
Also, revised power calculations should be performed using the data provided for the
intralaboratory performance to determine the minimum group size required to provide a level
of test performance equivalent to or better than the traditional LLNA. The minimum group
size in the protocol should then be adjusted, if necessary. The ICCVAM recommendation for
maintaining a positive control database reflects current evidence and best practice. The Panel
considered the measurement of ear swelling and the use of immunophenotypic markers as
potentially valuable adjuncts to the traditional LLNA and other modified LLNA protocols.

The Panel noted that since the 2008 Panel evaluation no new data for additional test
substances were added to the analyses in the revised draft BRD, although new data for
intralaboratory reproducibility were properly integrated into the assessment. As such, similar
to 2008, the substances tested in the LLNA: BrdU-FC seemed representative of a sufficient
range of chemical classes and physical chemical properties, and thus the test method
appeared applicable to many of the types of chemicals and products that are typically tested
for skin sensitization potential. The results of the revised concordance assessments of the
LLNA: BrdU-FC against the traditional LLNA test method suggest that the LLNA: BrdU-FC

(as performed at the originating facility) can be developed as a reliable alternative to the
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traditional LLNA, with the same applicability domain. Both the LLNA: BrdU-FC and the
eLLNA: BrdU-FC (“enhanced” LLNA: BrdU-FC), on the basis of the information available,
performed equally well compared with the traditional LLNA in a single laboratory.

The Panel concluded that compared to the 2008 review, intralaboratory reproducibility was
adequately assessed and fit for the intended purpose. This was based on additional studies
submitted for HCA and DNCB. The Panel agreed that the assessment of interlaboratory
reproducibility described in the [CCVAM-recommended LLNA performance standards
(ICCVAM 2009) can be appropriately applied to the LLNA: BrdU-FC test method.

The Panel affirmed that the revised draft ICCVAM recommendations for future studies
highlighted the unanswered questions raised by the available data set. The Panel specifically
recommended: (1) that an independent audit of the original data should be performed to
establish the validity of the data relied upon in the revised draft BRD, (2) that revised power
calculations should be performed using the data provided for the intralaboratory validation so
that the number of animals needed to provide performance equivalent to, or better than, the
traditional LLNA can be determined, (3) that an interlaboratory study is an absolute
requirement for validation to determine the transferability and reliability of the test method
when used in different laboratories, (4) that alternate prediction models (e.g., multiple SIs
similar to those recommended for the LLNA: DA and LLNA: BrdU-ELISA test methods)
should be considered, and (5) that the ICCVAM-recommended LLNA performance standards
(ICCVAM 2009) should be followed in this future work. The Panel recommended that
ICCVAM should work with NICEATM to support and facilitate these activities. The Panel
also considered that an emphasis should be given to the use of ear swelling measurements to
identify local irritants as a means of improving the traditional LLNA and modified LLNA test
methods. This is particularly relevant when considering the challenges associated with
discriminating irritants from sensitizers in the LLNA and ultimately emphasizes the need to

better understand the correlation between mouse ear data and human data/experience.

It is the view of the Panel that this test method can be considered to have been scientifically
validated and to be ready for regulatory consideration if the following requirements are
satisfactorily met: (1) an independent data audit should be conducted confirming the acceptable
quality of the data relied upon in the revised draft BRD, (2) a revised evaluation of the
minimum number of animals required should be conducted; then, if n =4 or 5 yields statistical
power that is equivalent to or better than the traditional LLNA, an interlaboratory evaluation
should be performed using the test, (3) the interlaboratory study should produce results that
satisfy the requirements in the ICCVAM-recommended LLNA performance standards
(ICCVAM 2009).
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The Panel considered the LLNA: BrdU-FC and the traditional LLNA to be mechanistically
and functionally similar. Thus, the studies proposed by the ICCVAM-recommended LLNA
performance standards are sufficient to establish the intra- and interlaboratory performance
of the LLNA: BrdU-FC. The Panel commented that for regulatory data submissions, a
laboratory (either with flow cytometry experience and/or following training and certification
of personnel) should demonstrate proficiency by repeating the evaluation of the same
substance (i.e., four independent tests) to allow an assessment of intralaboratory
reproducibility before using the test for regulatory purposes. Results should be evaluated for
both a known strong and known moderate sensitizer (i.e., DNCB and HCA, respectively).
The inclusion of a known, reproducible weak sensitizer and a negative control is also
essential to confirm that the full range of appropriate responses can be reproduced.

Additional considerations would include development of a standard test method protocol,
standard operating procedure, and other documentation, and adherence to recognized quality
assurance/quality control systems for flow cytometry and associated data acquisition
equipment.

Nonradioactive LLNA Protocol — The LLNA: BrdU-ELISA Test Method

The Panel concluded that the data and performance for the LLNA: BrdU-ELISA test method
supported the revised draft [CCVAM recommendations that it can be used for identifying
substances as potential skin sensitizers and nonsensitizers. An SI > 2.0 should be used to
identify substances as sensitizers and SI < 1.3 should be used to identify nonsensitizers. A
limitation of the LLNA: BrdU-ELISA involves the indeterminate identification of substances
that produce an SI greater than or equal to 1.3 but less than 2.0. When such a result is
obtained in the LLNA: BrdU-ELISA, users should carefully interpret the results in an
integrated decision strategy in conjunction with all available and relevant information (e.g.,
dose response information, statistical analyses, peptide-binding activity, molecular weight,
results from related chemicals, other testing data) to determine if there is adequate
information for definitive skin sensitization identification or if additional testing is necessary.
The Panel noted that because the decision criteria chosen to identify sensitizers and
nonsensitizers were based on post hoc analysis, prospective testing with the test method
might affect the proposed model. For this reason, data generated should be routinely
evaluated to determine if the proposed model is still optimal with regard to the decision
criteria. Even with these limitations, the LLNA: BrdU-ELISA provides opportunities to
reduce animal usage (e.g., use of guinea pigs) in those regions that are not permitted to use
radioisotopes and thus perform guinea pig tests rather than the traditional LLNA. In addition,
using two decision criteria allows for a more definitive identification of sensitizers and

Xvi



Independent Peer Review Panel Report June 2009

nonsensitizers, which also provides animal welfare benefits by reducing further tests that

might be required in instances where the hazard classification of a substance is not as clear.

The revised draft LLNA: BrdU-ELISA BRD was compiled to provide a comprehensive
review of available data and information evaluating the usefulness and limitations of the
LLNA: BrdU-ELISA test method to assess the ACD-inducing potential of chemicals and
other products. The Panel evaluated the draft BRD for completeness, errors, and omissions
and recommended that its suggestions/corrections relating to general, statistical and specific
editorial issues be incorporated into the final document.

The Panel agreed that the available data supported the revised draft ICCVAM
recommendations for the proposed standardized test method protocol for the LLNA: BrdU-
ELISA test method. The recommendations for maintaining a positive control database reflect

current evidence and best practice. The Panel agreed that four animals per dose group should
be recommended for the LLNA: BrdU-ELISA.

The Panel considered the database of substances tested in the LLNA: BrdU-ELISA to be
representative of a sufficient range of chemicals expected to be tested for skin sensitization
potential, and concluded that the accuracy analysis had made appropriate comparisons to the
traditional LLNA, guinea pig tests, and human data/experience. The Panel indicated that the
number of substances in the range of uncertainty (i.e., 1.3 < SI < 2.0) was too few to
determine if specific characteristics (e.g., chemical class, physical form, molecular weight,
peptide reactivity, etc.) associated with those substances could be used for definitive skin
sensitization identification.

In 2008, the Panel did not find sufficient power for using SI > 1.3 as the decision criterion.
Even with a group size of eight animals, the power was only 50% (ICCVAM 2008). Power
calculations might be necessary to determine if the sample size used is sufficient for those
substances that are not definitively identified as sensitizers or nonsensitizers (i.e., substances
in the range of uncertainty of 1.3 < SI <2.0).

With regard to test method reliability, the Panel concluded that the interlaboratory
reproducibility had been adequately evaluated and that the test is reproducible. Considering
that the radioisotope measurement in the traditional LLNA is more sensitive than the
technique for the LLNA: BrdU-ELISA, and that the analysis of EC3 values (estimated
concentration of a substance needed to produce a stimulation index of 3) in the traditional
LLNA was based on a larger dataset, it is appropriate to adjust the acceptability range of the
two positive control substances tested, dependent on the method used for measurement of the
endpoint. Although the qualitative performance was acceptable in the interlaboratory study,
the quantitative data for two of the laboratories suggests a relatively high degree of
variability, which justifies the routine use of appropriate positive and negative controls.
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The Panel stated that the available data supported the revised draft ICCVAM
recommendations for the LLNA: BrdU-ELISA in terms of future studies, which included
performing more LLNA: BrdU-ELISA studies on metals, irritants, and formulations with
comparative traditional LLNA, guinea pig, and human data. Regarding irritants, the proposed
future studies might help explain why results obtained using the LLNA: BrdU-ELISA and
traditional LLNA were discordant, and further address the general challenge of
discriminating irritants in the traditional LLNA itself. The Panel also recommended that
additional decision criteria and guidance should be identified for substances that produce an
SI greater than or equal to 1.3 but less than 2.0, and that the additional decision criteria be
reassessed as additional discriminators and data become available (e.g., high-quality human
ACD data). The Panel recommended that a protocol for defining and reevaluating the SI
decision criteria for sensitizers and nonsensitizers be developed. Further, future
interlaboratory validation studies should simultaneously evaluate intralaboratory
reproducibility, using the appropriate statistics, to evaluate variation both within a laboratory
and between laboratories. As stated previously, the Panel strongly recommended that a
statistician actively participate in the preparation of future BRDs and formulation of
ICCVAM recommendations.

The Panel agreed with the revised draft ICCVAM recommendation that separate performance
standards should not be developed to assess modified versions of the LLNA: BrdU-ELISA test
method. The LLNA: BrdU-ELISA is mechanistically and functionally similar to the traditional
LLNA, such that the ICCVAM-recommended LLNA performance standards (ICCVAM 2009)
could be used to evaluate future modifications of the LLNA: BrdU-ELISA.

LLNA for Testing Pesticide Formulations and Other Products, Aqueous Solutions, and
Metals

The Panel comprises experts with knowledge in the evaluation of a range of test materials,
but it is by no means expert in all of the product classes for which skin sensitization potential
should be evaluated. The Panel also acknowledges that information and data gaps exist which
prevent a full understanding of ACD epidemiology in humans. The test materials for which
data are provided in the revised draft Addendum cover only a subset of the active ingredients
used in each of the relevant product classes, and their frequency of use within those product
classes is not noted in the revised draft Addendum. The Panel recommends that Federal
agencies considering the results of this validation process assess how representative the test
materials and findings in the revised draft Addendum are relative to substances of interest. In
particular, the agencies should assess the chemical classes used in, and the range of
biological effects of, the materials and products in which they have an interest.
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The revised draft ICCVAM recommendations state that, although the database is limited, the
traditional LLNA appears to be useful for evaluating substances tested in aqueous solutions
or pesticide formulations provided the potential for overclassification (i.e., false positives) is
not a limitation. The Panel agreed with these revised draft ICCVAM recommendations
noting that the high rate of false positive substances may be inherent to the product and/or
chemical class, testing of substances at concentrations that produced skin irritation, and to the
fact that the LLNA detects the induction phase of skin sensitization. Furthermore, where
comparative data were available, the LLNA identified more sensitizers than did guinea pig
tests (predominantly Buehler tests which are considered to be less sensitive than the guinea
pig maximization test [Basketter et al. 1993; Frankild et al. 2000]) but missed no materials
that the guinea pig tests classified as sensitizers.

The Panel further suggested that, unless there are unique physiochemical properties
associated with a material that might affect its ability to interact with immune processes, it
should be a candidate for LLNA testing. An example of a material class that may possess
such unique properties is some nanomaterials that are incapable of recognition by dendritic
cells. Along these lines, the Panel also disagreed with the revised draft ICCVAM
recommendation that a definitive recommendation on the usefulness of the LLNA for testing
natural complex substances and dyes could not be made until more data were accrued. The
Panel considered these classes of materials suitable for testing in the LLNA unless there are
unique physiochemical properties associated with these materials that might affect their

ability to interact with immune processes.

The Panel expressed a strong desire to avoid revalidation of the LLNA for new classes/types
of test substances unless there is a biologically-based rationale. For new classes of test
materials (e.g., nanomaterials), an integrated assessment of all available and relevant
information should be conducted. This should include computer-assisted structure-activity
relationships, prediction/measurement of biotransformation to potential reactive species, and
possibly peptide, protein, or lipid binding. The Panel agreed that if any variant of the LLNA
is validated for use to test novel classes, then the findings should be relevant to the family of
validated LLNA tests and that similar uncertainties would surround the use of guinea pig
models to evaluate novel classes of test materials.

The revised draft Addendum to the original validation report for the traditional LLNA
(ICCVAM 1999) provided a comprehensive review of currently available data and information
for evaluating the usefulness and limitations of the traditional LLNA for assessing the skin
sensitization potential of pesticide formulations and other products, substances tested in aqueous
solutions, and metals. The Panel evaluated the revised draft Addendum for completeness, errors,
and omissions and concluded that there were no apparent errors. However, a Panel member did
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note during the public meeting an omission regarding the natural complex substances; the
relationship between the LLNA, guinea pig, and human data for major constituents (substances
constituting at least 70%) of some of the natural complex substances and the LLNA results of
the natural complex substances themselves was omitted. The Panel recommended that its
suggestions/corrections relating to general, statistical, and specific editorial issues be
incorporated into future revisions.

The Panel stated in its 2008 review (ICCVAM 2008) that the term mixtures was used too
broadly (i.e., can represent an infinite number of materials), and this concern was addressed in
the revised draft Addendum by dividing the substances considered into pesticide formulations,
dyes, natural complex substances, and substances tested in aqueous solutions (this group
included pesticide formulations tested in aqueous solutions), and analyzing the data for each
group separately. The Panel agreed that the terms used to classify information submitted for the
revised analysis are sensible and help to divide the dataset into useful categories for analysis,
and that the product categories selected fit well with the nature and range of materials in the
database. Such categories indicate classes of materials for which there exist, or do not exist,
LLNA data and thus provide useful information for industry and regulatory agencies.

The Panel noted that the revised draft Addendum does not consider many classes of
formulations to which humans may be exposed, by intention or by accident, such as:
metalworking fluids, fuels, petroleum products used as lubricants, detergents and other cleaning
agents, enzymes used in cleaning products, chemical household products, chemical (low
molecular weight) pharmaceutical products, medical device materials (chemically characterized
extracts), and nanomaterials (e.g., titanium oxide). Available data for substances within these
classes may prove informative for human health.

Regarding pesticide formulations, the Panel concluded that the performance characteristics,
reproducibility, and reliability of the LLNA had been adequately assessed and that the methods
of data analysis were appropriate. The Panel indicated that the analysis for dyes, natural
complex substances, and substances tested in aqueous solutions reflected the available

information and the appropriate concordance statistics.

With regard to future studies, the Panel agreed with the ICCVAM recommendation for
continued accumulation of information in the targeted areas. The Panel also indicated that
solubility data should ideally be provided so that thermodynamic activity can be computed
and compared to maximum theoretical percutaneous penetration. This information should be
considered when comparing the data from LLNA studies in lipophilic delivery systems
compared to that in aqueous systems. The Panel also suggested that, before additional animal
testing is conducted, consideration should be given to product use and whether this renders a

need to test the substance for skin sensitization potential.
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1.0 Nonradioactive LLNA Protocol — The Murine Local Lymph Node
Assay (LLNA): Daicel Adenosine Triphosphate (LLNA: DA) Test
Method

1.1 Review of the Revised Draft Background Review Document for Completeness,
Errors, and Omissions

The Panel was asked if there were any errors in the revised draft LLNA: DA background

review document (BRD) that should be corrected, if omissions of existing relevant data had

been identified, and if there was additional information that should be included.

The Panel noted that the reference for the International Organization for Standardization
(ISO) standard in the reference section of the revised BRD (see Section 12.0) should be
corrected to indicate that it is part of the 10993 series of standards. In addition, there is a
typographical error in Table 6.6 of the revised draft BRD. The number of substances should
be 44 for each criterion evaluated. Important omissions of existing relevant data or
information that should be included in the final version of the LLNA: DA BRD are addressed
below.

1.2 Review of the Validation Status of the LLNA: DA

1.2.1 Substances Used for the Validation Studies

The Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) asked the Panel whether it now considers the LLNA: DA database to be
representative of a sufficient range of chemical classes and physicochemical properties such
that the test method would be applicable for testing any of the types of chemicals and
products typically tested for skin sensitization potential (see Section 6.3 of the revised draft
BRD for a comparison of the substances tested in the LLNA: DA with the ICCVAM-
recommended LLNA performance standards reference substances).

The Panel considered the LLNA: DA database broad and representative of a sufficient range
of chemicals and products. The range of substances agrees with the range of chemical classes
and reference substances suggested in the ICCVAM-recommended LLNA performance
standards (ICCVAM 2009). All ICCVAM-recommended LLNA performance standard
reference substances, except xylene, are included. The tested substances exhibit a full
dynamic range (number of substances proportionally increased) of responses and a similar
range of molecular weights, solubility, proportion of solids and liquids, etc., as the traditional
LLNA. Chemicals that are typically tested for skin sensitization potential, including metal

compounds, are included.
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Based on the analysis in the revised draft BRD, the LLNA: DA may give less reliable results,
similar to the traditional LLNA test method, for certain substances (e.g., metal compounds or
strong dermal irritants). The outcomes related to the evaluation of the applicability domain of
the traditional LLNA are also relevant and applicable to the LLNA: DA (i.e., any limitations
in the traditional LLNA are also applicable to the LLNA: DA).

The Panel was asked what additional reference substances or products should be evaluated to
obtain more data on the LLNA: DA test method’s usefulness for identifying human
sensitizers.

The Panel responded that further studies should be continuously conducted with substances
with comparative human, guinea pig, and traditional LLNA data, including irritants and
formulations. Regarding irritants, the proposed future studies might help explain why results
obtained using the LLNA: DA and the traditional LLNA were discordant and further provide
insight relating to the general challenges associated with discriminating irritants in the LLNA
itself. Furthermore, initial studies conducted with a few metal compounds suggest that the
LLNA: DA performs poorly with metals. Evaluation of additional metals may be needed to
determine if this concern is real.

1.2.2 Test Method Accuracy

The test method developers recommend a decision criterion of a stimulation index (SI)
greater than or equal to 3.0 when evaluating the test method performance of the LLNA: DA
as a predictor of skin sensitization potential (see Section 6.2 of the revised draft BRD). This
decision criterion yielded accuracy of 91% (40/44), sensitivity of 88% (28/32), and
specificity of 100% (12/12) (i.e., there were four false negatives and no false positives). A
decision criterion of SI > 2.0 yielded the same accuracy as SI > 3.0 but increased the
sensitivity (97% [31/32]) by decreasing the false negative rate to 3% (1/32) although the false
positive rate increased to 25% (3/12). These two single decision criteria were further
compared to guinea pig tests and human/data experience (see Table 6-1 of the revised draft
BRD).

The Panel was asked (1) whether these comparisons were appropriate for assessing the
accuracy of the LLNA: DA using a single decision criterion and (2) whether the revised draft
BRD had adequately evaluated and compared the relevance (e.g., sensitivity, specificity,
false positive and false negative rates) of the LLNA: DA, using a single decision criterion
(e.g., SI > 2.0) to distinguish between sensitizers and nonsensitizers, to the traditional LLNA
results.
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The Panel indicated that the comparisons made to traditional LLNA data (i.e., SI > 3.0) and
also to guinea pig and human data, where available, are appropriate for assessing the
accuracy of the LLNA: DA using a single decision criterion (e.g., SI>2.0 or SI > 2.5) to

identify a test substance as a sensitizer or a nonsensitizer.

The Panel preferred the ICCVAM-recommended analyses using multiple SI decision criteria
(i.e., one SI cutoff to identify sensitizers and another SI cutoff to identify nonsensitizers),
although the Panel expressed reservations about how the test variability might influence the
classification of substances with SI values in the range of uncertainty. Additional information
or testing is needed to classify substances with SI values in this range. For data in the test
method accuracy tables, the Panel recommended graphing SI values for the traditional LLNA
versus the SI values for the LLNA: DA with dividing lines at the cutoff values used to

discriminate sensitizers from nonsensitizers to clarify the structure of the data.

The Panel agreed that the relevance of the LLNA: DA using a single decision criterion to
distinguish between sensitizers and nonsensitizers has been adequately evaluated and
compared to the traditional LLNA. Based on the most prevalent outcome for substances with
multiple tests, Table 6-6 in the revised draft BRD shows identical accuracy, sensitivity,
specificity, etc., using SI > 3.0 or SI > 2.5 for identification of sensitizers. Additional analysis
based on data obtained from other studies may further strengthen confidence in the data
concordance. Although the comparisons were appropriate, the analyses using multiple SI
decision criteria are preferred. Additional information or testing is needed to classify

substances with SI values in the range of uncertainty.

The performance of the LLNA: DA test method using classical statistical hypothesis testing
(i.e., analysis of variance [ANOVA] or ¢-test to interpret sensitization potential for a given
test) yielded accuracy of 84% (37/44), sensitivity of 94% (30/32), and specificity of 58%
(7/12) (i.e., there were five false positives and two false negatives) relative to the traditional
LLNA (see Section 6.5 of the revised draft BRD). ICCVAM asked the Panel whether these
comparisons were appropriate for assessing the accuracy of the LLNA: DA using classical
statistical hypothesis testing. It was also asked if the accuracy analysis provides an adequate
comparison with which to decide between using a single SI decision criterion (e.g., SI > 2.5)
or classical statistical hypothesis testing to distinguish sensitizers from nonsensitizers.

The Panel indicated that the use of either ANOVA or t-test could determine if lymphocyte
stimulation is significantly greater than the negative vehicle control; however, a statistical
difference may not necessarily reflect a biologically important difference between a
sensitizer and a nonsensitizer. Although the Panel agreed that these comparisons are
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appropriate, the analyses using multiple SI decision criteria were preferable. However, the
low specificity compared to traditional LLNA results does not support the use of classical
statistical hypothesis testing as the only approach for determining whether a test substance is
a sensitizer or nonsensitizer in the LLNA: DA. Substances other than sensitizers, including
irritants, also significantly increase stimulation. Salicylic acid, for example, is an irritant, but
not a sensitizer (Gerberick et al. 2002). This and a limited number of other irritants that
induce proliferation in the draining lymph nodes may be incorrectly regarded as sensitizers
(i.e., false positives) (Montelius et al. 1994). Table 6-8 of the revised draft BRD shows that
salicylic acid is classified as a sensitizer when classical statistical hypothesis testing is used
to test whether the vehicle control group is different from the treated groups. For data in the
test method accuracy tables, the structure of the data would be clarified by graphing SI values
for the traditional LLNA versus the SI values for the LLNA: DA, with dividing lines at the
cutoff values used to discriminate sensitizers from nonsensitizers. Still, in cases where the
sensitization potential of a test substance is uncertain, the use of classical statistical
hypothesis testing in conjunction with a single decision criterion may contribute to a
definitive skin sensitization identification of the test substance.

According to the Panel, the relevance (e.g., sensitivity, specificity, false positive and false
negative rates) of the LLNA: DA using classical statistical hypothesis testing was correctly
compared to the traditional LLNA, based on evaluation of individual raw values and
considering the most prevalent outcome (or conservative outcome, in the case of an equal
number of positive and negative results). The evaluation of alternative decision criteria
included differences in adenosine triphosphate (ATP) values between treated and control
groups, as well as mean ATP values of treated group versus two and three times the standard
deviation of the mean ATP values of control group. The Panel mentioned that Table 6-6 of
the revised draft BRD should be revised to delete the ‘N’ column and to add the number of
substances evaluated to the table title.

Further evaluation of multiple decision criteria to identify substances as sensitizers or
nonsensitizers indicates that at an SI > 2.5 there were no false positives and at an SI < 1.7
there were no false negatives in the LLNA: DA compared to traditional LLNA results (see
Section 6.7 of the revised draft BRD).

ICCVAM asked the Panel whether these comparisons were appropriate for assessing the
accuracy of the LLNA: DA using multiple decision criteria.

The Panel responded that these comparisons are appropriate to determine the optimal
threshold values for identification of sensitizers and nonsensitizers. The most appropriate SIs

for the traditional LLNA and its variants are not immutable biological constants; rather, they
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must be determined by evaluation of test results. The approach adopted in the revised draft
BRD did such an evaluation. In addition, this approach allows for the use of additional data
and information (e.g., molecular weight, peptide binding of intermediate compounds) in the
development of an informed decision regarding sensitization potential. Additional
information or testing would be needed to classify substances with SI values in the range of
uncertainty (i.e., 1.7 <SI <2.5).

According to the Panel, the use of “bootstrapping analysis” could be considered to determine
the reliability of the SI cutoffs for identifying sensitizers and nonsensitizers. This would
involve randomly sampling smaller subsets of the original dataset and calculating the cutoffs
at which no false negatives and no false positives are produced. Such analysis would provide
a measure of variability for the proposed cutoffs.

Power calculations might be necessary to determine if the sample size used is sufficient for
those substances that are not definitively identified as sensitizers or nonsensitizers (i.e.,
substances in the range of uncertainty of 1.7 <SI <2.5).

According to the Panel, the relevance (e.g., sensitivity, specificity, and false positive and
false negative rates) of the LLNA: DA using the SI > 2.5 criterion for sensitizers and the

SI < 1.7 criterion for nonsensitizers was adequately evaluated and compared to the traditional
LLNA. Additional analysis based on data obtained from future studies may further
strengthen confidence in the data concordance. The revised draft BRD provides a partial
rationale for the post hoc selection of these SI criteria, since importance should also be given

to the corollary that these decision criteria may not apply when new data is considered.

Ten of the 44 substances used to evaluate the LLNA: DA yielded SI values between 1.7 and
2.5 (exclusive). Among these substances, 5/10 are sensitizers and 5/10 are nonsensitizers
based on traditional LLNA results. Common characteristics of each group (i.e., the five
sensitizers and the five nonsensitizers) are described in Section 6.8 of the revised draft BRD.

The Panel was asked whether the number of sensitizers (i.c., five) and nonsensitizers (i.e.,
five) that yielded 1.7 < SI <2.5 was sufficient to identify characteristics (e.g., peptide-
binding activity, molecular weight) that might be potentially helpful in determining the skin
sensitization hazard classification of such substances. If it was inadequate, the Panel was
asked how many substances would be sufficient. If the number of substances was deemed
sufficient, Panel members were asked to identify characteristics that are associated with these
or similar substances and that may provide additional information about whether qualifying

substances should be classified as sensitizers or nonsensitizers.
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The Panel said that the number of sensitizers and nonsensitizers was not sufficient. If more
substances are tested using the LLNA: DA, more reliable identification of crucial
characteristics may be obtained. At present, the suggested characteristics (e.g., peptide-
binding activity, molecular weight) may be of added value for a definitive skin sensitization
identification of the substance, but the validation of these characteristics has not been done.
The suggested characteristics were identified not only on the basis of this validation study,
but because they represent cited characteristics of sensitizers in general.

The Panel indicated that including quantitative structure—activity relationship (QSAR)
information, such as sensitizer structural alerts, might be useful in the future. However, it
emphasized that too few substances in the range of uncertainty were analyzed to permit any

meaningful analysis.

The LLNA: DA test method was developed before publication of the ICCVAM-
recommended LLNA performance standards (ICCVAM 2009); therefore, those performance
standards were not used to evaluate the test method. ICCVAM further stated that some of the
protocol modifications noted for the LLNA: DA (i.e., pretreatment with sodium lauryl sulfate
[SLS] and extended dosing schedule [see Section 2.0 of the revised draft BRD]) cause the
LLNA: DA to be considered functionally and mechanistically different from the traditional
LLNA.

The Panel responded that the LLNA: DA is mechanistically similar to the traditional LLNA,
in that both methods measure cellular stimulation in the draining lymph nodes. The methods
differ in the dosing regimen and in the timing of the assay. However, the outcome of the
LLNA: DA test method is favorable, standard chemicals are included, and comparisons with
traditional LLNA and with guinea pig and human data, especially regarding specificity, are
favorable.

The Panel was asked whether the fact that the LLNA: DA produced false negative results for
two of the 18 required performance standards substances affected its validation status,
despite the fact that the ICCVAM-recommended LLNA performance standards (ICCVAM
2009) are not being used to evaluate its validity. The other 16 required performance
standards substances that were tested yielded results concordant with the traditional LLNA
(see Section 6.3 of the revised draft BRD).

The Panel agreed that the concordance of the results on 16 of 18 performance standard
substances (at SI > 3.0) is favorable. Both false negative results were obtained from a single
experiment. The highest SI for 2-mercaptobenzothiazole (i.e., 2.0) was established using only
three mice, and one positive control failed. The highest SI for methyl methacrylate is 1.8, and

neither individual SI values nor SI values for animals exposed to a positive control employed
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in this experiment are available. The highest SI values for both substances fall in the
recognized range of uncertainty. Both substances have low molecular weights, and 2-
mercaptobenzothiazole exhibits high peptide reactivity. For methyl methacrylate, no peptide
reactivity information was available. The Panel stated that studies with these substances
should be repeated, and additional information on other parameters should be sought. There

are distinct signs that these substances may be positive.

1.2.3  Test Method Reliability (Intra- and Interlaboratory Reproducibility)

The Panel was asked if it considered the intralaboratory reproducibility of the LLNA: DA to
have been adequately evaluated and compared to the traditional LLNA (see Section 7.1 of
the revised draft BRD) and, if not, what other analyses should be performed. It was asked if
this intralaboratory reproducibility assessment, performed with two substances (eugenol and
isoeugenol), had revealed any limitations.

The Panel responded that the intralaboratory reproducibility had been adequately evaluated
on the basis of the two substances tested. The revised draft BRD reports that these substances
were tested three times by one laboratory. The Panel noted that individual animal data from
repeated experiments are available for eugenol only at the 10% concentration and that data
for isoeugenol come only from one study (as documented in Appendix D1 of the revised
draft BRD).

The two-phased interlaboratory validation study of the LLNA: DA organized by the Japanese
Society for Alternatives to Animal Experiments (JSAAE) tested 14 different coded
substances (10 sensitizers and four nonsensitizers based on traditional LLNA results). Two
sensitizers and one nonsensitizer were each tested among a number of laboratories (ranging
from 10 to 17 laboratories); the remaining eight sensitizers and three nonsensitizers were
each tested in three or four laboratories. JSAAE’s Validation Management Team selected the
vehicles and the concentrations of the substances tested. The Panel was asked about (1) any
apparent limitations of this study design and (2) any concerns about the fact that vehicles and
concentrations were provided to the participating laboratories by the Validation Management

Team.

The Panel expressed more concern for reducing variables in the test than for transferability,
and therefore there are no concerns about vehicles