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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 (NTP) Interagency Center
for the Evaluation of Alternative Toxicological Methods (NICEATM) evaluated the
validation status of the murine local lymph node assay (LLNA) as an alternative to guinea
pig test methods for assessing the allergic contact dermatitis (ACD) potential of substances.
As described in the 1999 ICCVAM evaluation report’, ICCVAM recommended that the
LLNA could be used as a valid substitute for the accepted guinea pig test methods, in most

ACD testing situations.

Based on the ICCVAM recommendations, the ICCVAM member agencies that require the
regulatory submission of ACD data accepted the LLNA, with identified limitations, as an
alternative to guinea pig tests for assessing 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)’.

On January 10, 2007, the U.S. Consumer Product Safety Commission (CPSC) formally
nominated several activities related to the LLNA for evaluation by ICCVAM and
NICEATM®*. One of the nominated activities was an assessment of the validation status of
non-radioactive alternatives to the current version of the LLNA, which uses radioactivity.
After considering comments from the public and the Scientific Advisory Committee on
Alternative Toxicological Methods (SACATM) on this nomination, ICCVAM assigned it a
high priority, and directed NICEATM and the ICCVAM Immunotoxicity Working Group
(IWGQG) to conduct a review of the current literature and an evaluation of the available data.
The information described in this background review document (BRD) was compiled by
ICCVAM in response to this nomination. ICCVAM and its IWG developed draft test method

recommendations based on this evaluation. An independent peer review panel (Panel) is

?ICCVAM 1999. The murine local lymph node assay: A test method for assessing the allergic contact
dermatitis potential of chemical/compounds. NIH Publication No. 99-4494. Research Triangle Park,
NC: National Toxicology Program (available at
http://iccvam.niehs.nih.gov/docs/immunotox_docs/llna/llnarep.pdf

> OECD. 2002. Test guideline 429. Skin Sensitisation: Local Lymph Node Assay, adopted April 24,
2002. In: OECD Guidelines for Testing of Chemicals. Paris:OECD (available at
http://www.oecd.org/document/55/0,2340,en_2649 34377 2349687 1 1 1 1,00.html)

4 Available at http://iccvam.niehs.nih.gov/methods/immunotox/linadocs/CPSC_LLNA nom.pdf
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being convened to peer review the BRD and to evaluate the extent to which the information
contained in the BRD support the draft recommendations. ICCVAM will consider the
conclusions and recommendations of the Panel, along with comments received from the
public and SACATM, when developing a final BRD and final recommendations on the
usefulness and limitations of each non-radioactive alternative LLNA test method that is being

considered.

We gratefully acknowledge the organizations and scientists who provided data and
information for this document. We would also like to recognize the efforts of the individuals
who contributed to the preparation of this BRD. These include David Allen, Ph.D., Thomas
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Judy Strickland, Ph.D., and Doug Winters, M.S., of Integrated Laboratory Systems, Inc., the
NICEATM Support Contractor, as well as the members of the ICCVAM IWG and the
ICCVAM representatives who subsequently reviewed and provided comments throughout
the process leading to this final draft version. We also want to thank Raymond Tice, Ph.D.,
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199 Executive Summary

200  In 1999, the Interagency Coordinating Committee on the Validation of Alternative Methods
201  (ICCVAM) recommended to U.S. Federal agencies that the murine local lymph node assay

202  (LLNA) is a valid substitute for currently accepted guinea pig test methods to assess the allergic
203  contact dermatitis (ACD) potential of many, but not all, types of substances. The

204  recommendation was based on a comprehensive evaluation that included an independent

205  scientific peer review panel (Panel) assessment of the validation status of the LLNA. The Panel
206  report and the ICCVAM recommendations (ICCVAM 1999) are available at the National

207  Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative Toxicological
208  Methods (NICEATM)/ICCVAM website

209  (http://iccvam.niehs.nih.gov/docs/immunotox_docs/lIna/llnarep.pdf). The LLNA was

210  subsequently incorporated into national and international test guidelines for the assessment of
211  skin sensitization (Organisation for Economic Co-operation and Development [OECD] Test
212 Guideline 429 [OECD 2002]; International Standards Organization [ISO] 10993-10: Tests for
213 TIrritation and Sensitization [ISO 2002]; U.S. Environmental Protection Agency [EPA] Health
214  Effect Testing Guidelines on Skin Sensitization [EPA 2003]).

215  OnJanuary 10, 2007, the U.S. Consumer Product Safety Commission (CPSC) formally
216  nominated several activities related to the LLNA for evaluation by ICCVAM and NICEATM
217  (Available at http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA _nom.pdf).

218  One of the nominated activities was an assessment of the validation status of non-radioactive
219  alternatives to the current version of the LLNA ([ICCVAM 1999, Dean et al. 2001] referred to
220  hereafter as the “traditional LLNA”), which uses radioactivity to detect sensitizers. The

221  information described in this background review document (BRD) was compiled by ICCVAM
222 and NICEATM in response to this nomination. The BRD provides a comprehensive review of
223  available data and information regarding the usefulness and limitations of one of these methods,
224 the LLNA with detection of bromodeoxyuridine (BrdU) incorporation by flow cytometry

225  (referred to hereafter as the “LLNA: BrdU-FC”).

226  The LLNA: BrdU-FC was developed by MB Research Labs (2001). While the traditional LLNA
227  assesses cell proliferation by measuring the incorporation of radioactivity into the

228  deoxyribonucleic acid (DNA) of dividing lymph node cells, the LLNA: BrdU-FC assesses cell

Xiii
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proliferation by measuring the incorporation of the thymidine analog bromodeoxyuridine (BrdU)
into the DNA of dividing lymphocytes using flow cytometry. A Stimulation Index (SI), the ratio
of the mean BrdU incorporation into the lymph nodes of mice in the test substance group to the
mean BrdU incorporation into the lymph nodes of mice in the vehicle group, greater than three
identifies a substance as a sensitizer. Other than the procedure for measuring lymph node cell
proliferation, the protocol for the LLNA: BrdU-FC is similar to that of the traditional LLNA
(Dean et al. 2001; ICCVAM 1999). The LLNA: BrdU-FC also includes enhancements (referred
to hereafter as the “eLLNA: BrdU-FC”), for substances with SI > 3 that include assessment of

immunophenotypic markers to distinguish sensitizers from irritants.

The accuracy and reliability of the LLNA: BrdU-FC and the eLLNA: BrdU-FC was assessed
using data for up to 45 substances that were submitted by MB Research Labs (2007). Of these 45
substances, 37 had LLNA: BrdU-FC, traditional LLNA, and GP data while 42 substances had
LLNA: BrdU-FC, traditional LLNA, and human data. Three of the 45 substances produced
divergent results when tested at least twice in the traditional LLNA and/or in the LLNA: BrdU-
FC (referred to hereafter as "equivocal" substances). To account for the equivocal substances,
two separate accuracy analyses were conducted: 1) only the substances with unequivocal LLNA:
BrdU-FC results were evaluated, and 2) the three equivocal substances were included by using

the more conservative result (i.e., positive) for all three substances.

When the LLNA: BrdU-FC was compared to the traditional LLNA (and excluding the three
equivocal substances) the LLNA: BrdU-FC had an accuracy of 93% (39/42), a sensitivity of
100% (24/24), a specificity of 83% (15/18), a false positive rate of 17% (3/18), and a false
negative rate of 0% (0/24). Including the three equivocal substances resulted in an accuracy for
the LLNA: BrdU-FC of 91% (41/45), a sensitivity of 100% (26/26), a specificity of 79% (15/19),
a false positive rate of 21% (4/19), and a false negative rate of 0% (0/26).

When the eLLNA: BrdU-FC was compared to the traditional LLNA, accuracy was 90% (38/42),
sensitivity was 92% (22/24), specificity was 89% (16/18), the false positive rate was 11% (3/18),
and false negative rate was 8% (2/24). Using the traditional LLNA as the reference classification,
two nonsensitizers and two sensitizers were not identified correctly. However, the two

substances identified by the eLLNA: BrdU-FC as nonsensitizers (ethylene glycol dimethacrylate

and sodium lauryl sulfate) were also identified as nonsensitizers by GP skin sensitization tests.

X1v



259
260
261
262
263

264
265
266
267
268
269
270
271
272
273
274
275
276
277

278
279
280
281
282

283
284
285
286
287
288

DRAFT — LLNA:BrdU-FC Background Review Document January 7, 2008

Sodium lauryl sulfate is also considered a nonsensitizer based on human data (i.e., human
maximization test), but ethylene glycol dimethacrylate is considered a sensitizer based on its
inclusion as a human patch test kit allergen. Including the three equivocal substances resulted in
an accuracy for the eLLNA: BrdU-FC of 89% (40/45), a sensitivity of 92% (24/26), a specificity
of 84% (16/19), a false positive rate of 16% (3/19), and a false negative rate of 8% (2/26).

The LLNA: BrdU-FC and the eLLNA: BrdU-FC results included 13 of the 18 minimum
substances proposed in the Revised Draft ICCVAM Murine Local Lymph Node Assay
Performance Standards (ICCVAM 2007); there were eight sensitizers and five nonsensitizers.
The sensitizer/nonsensitizer outcome of the LLNA: BrdU-FC was consistent with the outcome of
the traditional LLNA with the exception of two substances (one sensitizer and one non-
sensitizer) that produced equivocal results in the LLNA: BrdU-FC (i.e., produced an equal
number of divergent results when tested at least twice). Three optional reference substances
included in the draft ICCVAM Performance Standards (2007) were also tested in the LLNA:
BrdU-FC/eLLNA: BrdU-FC. Although the LLNA: BrdU-FC classifications for two substances
that yielded false positive results in the traditional LLNA were consistent with the traditional
LLNA classification, the eLLNA: BrdU-FC correctly classified them as irritants rather than
sensitizers. The third optional reference substance was classified by the LLNA: BrdU-FC and the
eLLNA: BrdU-FC as a non-sensitizer, which is the same incorrect result produced by the

traditional LLNA.

Intralaboratory reproducibility for the LLNA: BrdU-FC and the eLLNA: BrdU-FC outcomes
were assessed with a coefficient of variation (CV) analysis of SI values. The CVs for the SI
values of 25% hexyl cinnamic aldehyde, the positive control substance, tested in various vehicles
ranged from 30.1-52.6%. Interlaboratory reproducibility was not assessed because all LLNA:
BrdU-FC results were produced in one laboratory, MB Research Labs.

The LLNA: BrdU-FC and the eLLNA: BrdU-FC will use the same number of animals when
compared to the traditional LLNA. However, since use of the traditional LLNA is restricted in
some institutions because it involves radioactivity, availability and use of the non-radioactive
LLNA: BrdU-FC and the eLLNA: BrdU-FC test methods may lead to further reduction in use of
the GP tests, which would provide for reduced animal use and increased refinement due to the

avoidance of pain and distress in the LLNA procedure.
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The transferability of the LLNA: BrdU-FC and the eLLNA: BrdU-FC is expected to be similar
to the traditional LLNA. Compared to the traditional LLNA, the LLNA: BrdU-FC and the
eLLNA: BrdU-FC will not require facilities, equipment, and licensing permits for handling
radioactive materials. However, these test methods require a flow cytometer. The level of
training and expertise needed to conduct the LLNA: BrdU-FC and the eLLNA: BrdU-FC should
be similar to the traditional LLNA except that the understanding and use of flow cytometry is

required.

ICCVAM has developed draft recommendations for the LLNA: BrdU-FC with regard to its
usefulness and limitations, test method protocol, and future studies to further characterize its
usefulness and limitations. These are provided in a separate document, Draft ICCVAM Test
Method Recommendations, Non-radioactive Murine Local Lymph Node Assay: Flow Cytometry
Test Method Protocol (LLNA: BrdU-FC).

XVi
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1.0 Introduction
1.1 Historical Background

In 1999, the Interagency Coordinating Committee for the Validation of Alternative Methods
(ICCVAM) recommended that the murine local lymph node assay (LLNA) is a valid
substitute for currently accepted guinea pig (GP) test methods to assess the allergic contact
dermatitis (ACD) potential of many, but not all, types of substances. 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 National Toxicology
Program (NTP) Interagency Center for the Evaluation of Alternative Toxicological Methods
(NICEATM)/ICCVAM website

(http://iccvam.niehs.nih.gov/docs/immunotox_docs/llna/llnarep.pdf).

ICCVAM forwarded recommendations to U.S. Federal agencies that the 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 GP test methods (ICCVAM 1999, Sailstad et al. 2001). The
LLNA was subsequently incorporated into national and international test guidelines for the
assessment of skin sensitization (Organisation for Economic Co-operation and Development
[OECD] Test Guideline 429 [OECD 2002]; International Standards Organization [ISO]
10993-10: Tests for Irritation and Sensitization [ISO 2002]; U.S. Environmental Protection
Agency [EPA] Health Effect Testing Guidelines on Skin Sensitization [EPA 2003]).

On January 10, 2007, the U.S. Consumer Product Safety Commission (CPSC) formally
nominated several activities related to the LLNA for evaluation by ICCVAM and NICEATM
(Available at
http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/CPSC_LLNA_nom.pdf). One of

the nominated activities was an assessment of the validation status of non-radioactive
alternatives to the current version of the LLNA ([ICCVAM 1999, Dean et al. 2001] referred
to hereafter as the “traditional LLNA”), which uses radioactivity to detect sensitizers. The
information described in this background review document (BRD) was compiled by

ICCVAM and NICEATM in response to this nomination. The BRD provides a
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comprehensive review of available data and information regarding the usefulness and
limitations of one of these methods, the LLNA with detection of bromodeoxyuridine (BrdU)
(referred to hereafter as the “LLNA: BrdU-FC”).

1.2 The LLNA: BrdU-FC

The LLNA: BrdU-FC was developed by MB Research Labs (2001). The flow cytometry
based murine local lymph node assay was developed as a non-radioactive alternative to the
current version of the traditional murine LLNA. While the traditional LLNA assesses cellular
proliferation by measuring the incorporation of radioactivity into the deoxyribonucleic acid
(DNA) of dividing lymph node cells, the LLNA: BrdU-FC assesses the same endpoint by
measuring the incorporation of the thymidine analog BrdU. which is detected and quantified
with a flow cytometer. Routine measurements of ear swelling are also included as a measure
of excessive local irritation when evaluating results. Additional endpoints (e.g.,
immunophenotypic markers such as B220 and CD69) are incorporated into an enhanced
LLNA: BrdU-FC protocol (hereafter the "eLLNA: BrdU-FC") to further distinguish irritants

from sensitizers.
This document provides:

. A comprehensive summary of the LLNA: BrdU-FC test method protocol

. The substances used in the validation of the test method and the test results
. The performance characteristics (accuracy and reliability) of the test method
. Animal welfare considerations

. Other considerations relevant to the usefulness and limitations of this test

method (e.g., transferability, cost of the test method).
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2.0 LLNA: BrdU-FC Test Method Protocol

The LLNA: BrdU-FC protocol (see Figure 2-1 and Appendix A) follows the ICCVAM-
recommended protocol for the traditional LLNA (ICCVAM 1999; Dean et al. 2001) with the
exception of the method used to assess lymphocyte proliferation. To evaluate excessive skin
irritation, as recommended by the ICCVAM LLNA protocol when determining the highest
dose level, the LLNA: BrdU-FC incorporates a quantitative assessment of potential dermal
irritation by measuring ear thickness (i.e., with a digital micrometer) at three separate time
points (on days 1 [prior to dosing], 3, and 6). The ICCVAM protocol is less specific and
recommends only that mice be carefully observed daily for signs of excessive local irritation

(i.e., redness and /or swelling) at the application site, and a record made of the observations.
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Figure 2-1  Strategy for Using the LLNA: BrdU-FC to Detect Irritants vs. Sensitizers

Bolded Boxes=
Apply Test Substance to .
Mouse Ears Basic LLNA
Shaded Box=
* Enhanced LLNA
SI<3 . Inj gct BrdU and SI>3
Excise Auricular Lymph Nodes
* Ear Swelling
increase >25% Irritating?
Analyze Proliferating LNC (Ear Swelling)
(Calculate Sls)
NO
; increase
LRIV Immunophenotyping >25%
%B220+ or B: T Cell Ratio
equivocal *
increase
negative | Activation Markers: >25%
%CD69+, %I-A*+

A 4 VY A A 4
Negative Irritant

Abbreviations: B = B lymphocyte; BrdU = Bromodeoxyuridine; LLNA = Murine local lymph node assay; LNC
= Lymph node cells; SI = Stimulation index; T = T lymphocyte

The shaded box shows that the enhancements of immunophenotyping and measurement of activation markers
are used when SI > 3 and mouse ear swelling > 25% (i.e., the enhanced LLNA: BrdU-FC protocol ([eLLNA:
BrdU-FC]).
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In the traditional LLNA, the test substance is administered on three consecutive days. Forty-
125
I

eight hour after the final application of the test substance, *H-methyl thymidine or
fluorodeoxyuridine (in phosphate buffered saline; 250 pL/mouse) is administered via the tail
vein. This same dosing schedule is followed in the LLNA: BrdU-FC, but BrdU is
administered, 200 uL per mouse, via intraperitoneal injection rather than intravenously. See
Appendix A for the rationale for the route of administration and amount of BrdU. Again
following the traditional LLNA protocol, five hours after BrdU administration, lymph nodes
are excised and processed. Measurement of the total number of lymphocytes and the total
number of cells with incorporated BrdU in the lymph node preparation is described in

Appendix A.

As mentioned above, the eLLNA: BrdU-FC incorporates immunophenotypic endpoints,
which are evaluated in tiers using the criteria described in Section 2.1, to distinguish irritants
from dermal sensitizers when an SI > 3 is recorded. For mice exhibiting ear swelling > 25%,
the first tier endpoints include determination of the %B lymphocytes (%B220+) or the B
lymphocyte to T lymphocyte ratio (B:T cell ratio) in the isolated lymph node cells of the
treated mice. B220 is an isoform of a transmembrane protein expressed on B lymphocytes
that assists in the activation of the cells. Allergen treated mice show a preferential increase in
the percentage of B220+ cells compared with irritant treated mice (Gerberick et al. 2002). A
greater than 25% increase of B220+ cells or a B:T cell ratio greater than 1.25 indicates that a
substance is an irritating sensitizer. If the B220+ or B:T cell ratio increases by less than 25%,
then the substance is classified as an irritant. However, if the outcome of the B220+ or B:T
cell ratio produces a borderline response, a second tier of immunophenotypic measurements
can be used to reconcile such cases. An increase of greater than 25% in IA®+ cells (B-

lymphocytes) or CD69 (T-lymphocytes) is an irritating sensitizer.

NICEATM has requested, but not obtained, a detailed protocol from MB Research Labs to

describe the specific procedures used to quantify the immunophenotypic endpoints.

2.1 Decision Criteria

Like the traditional LLNA, an SI is used in the LLNA: BrdU-FC to distinguish skin
sensitizers from non-sensitizers. The SI in the LLNA: BrdU-FC is the ratio of the mean

number of lymph node cells with incorporated BrdU from mice in each of the test substance
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dose groups to the mean number of lymph node cells with incorporated BrdU from mice in

the vehicle control group. The formula is:

Mean number of BrdU - labeled cells in the treatment group

SI =
Mean number of BrdU - labeled cells the vehicle control group

An SI >3 is the threshold for labeling a substance as a sensitizer. This same SI threshold is

used in the traditional LLNA.

The eLLNA: BrdU-FC provides the opportunity for further evaluating substances producing
an SI > 3 to distinguish between sensitizers and irritants. As detailed in Figure 2-1, if mouse
ear swelling exceeds 25% for substances with an SI > 3, then an evaluation of the first set of
immunophenotypic markers is conducted (i.e., B220+ cells or the calculation of the B:T cell
ratio). If %B220+ increases less that 25% above control values or the B:T cell ratio is <1.25,
then the substance is classified as an irritant. If %B220+ increases more than 25% above
control values or the B:T cell ratio is >1.25, then the substance is classified as an irritating
sensitizer. If the increase in %B220+ or the B:T cell ratio is equivocal (i.e., at least one
mouse has ear swelling > 25% and %B220+ or B:T cell ratio is significantly elevated or is
greater than 25% above control values), then an evaluation of the second set of
immuophenotypic markers is conducted (i.e., %IA®+ cells or CD69+ cells). If the %IA®+
cells or %CD69+ cells is > 25% above control values, then the substance is classified as a
sensitizer. If the %IA®+ cells or %CD69+ cells is <25% above control values, then the

substance is classified as an irritant.
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3.0 LLNA: BrdU-FC Validation Database

To evaluate the performance of the LLNA: BrdU-FC and the eLLNA: BrdU-FC against the
traditional LLNA, MB Research Labs tested a total of 48 substances (MB Research Labs
2007) (Appendix B). Traditional LLNA data were identified by NICEATM for 45 of the 48
substances (Table 3-1). Traditional LLNA data were not identified for 4-aminophenol HCI,
chlorpromazine with ultraviolet radiation (chlorpromazine +UVR), and croton oil and
therefore they were excluded from this evaluation. Forty of the 45 substances previously
tested in the traditional LLNA were considered in the original evaluation of the LLNA by
ICCVAM (ICCVAM 1999). The traditional LLNA data for the five remaining substances
(cobalt chloride, diphenylcyclopropenone, fluorescein isothiocyanate, isopropyl myristate,
and linalool) were identified from Ryan et al. (2000), Basketter et al. (2006), Gerberick et al.
(2005), and Schneider and Akkan (2004). Of these 45 substances, 27 were classified by the
traditional LLNA as skin sensitizers and 18 were classified as non-sensitizers. As shown by
the EC3 values (i.e., calculated concentration that corresponds to SI=3) in Table 3-1, four
sensitizers had EC3 <0.1%, six sensitizers had 0.1% < EC3 <1%, nine sensitizers had 1% <

EC3 <10%, eight sensitizers had 10% < EC3 <100%.

Appendix B provides information on the physicochemical properties (e.g., peptide reactivity,
octanol-water partition coefficient), Chemical Abstracts Service Registry Number (CASRN),
and chemical class for each substance tested. When available, chemical class information
was retrieved from the National Library of Medicine’s ChemID Plus database. If chemical
class information was not located, they were assigned for each test substance using a
standard classification scheme, based on the National Library of Medicine Medical Subject
Headings (MeSH) classification system (available at

http://www.nlm.nih.gov/mesh/meshhome.html). A substance could be assigned to more than

one chemical class; however, no substance was assigned to more than three classes.
Chemical class information is presented only to provide an indication of the variety of
structural elements that are present in the structures that were evaluated in this analysis.
Classification of substances into chemical classes is not intended to make a representation
regarding the impact of structure on biological activity with respect to sensitization potential.
Table 3-1 shows that 23 chemical classes are represented by the 45 substances included in

this evaluation. Fifteen substances are classified in more than one chemical class. The classes
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with the highest number of substances are carboxylic acids (12 substances) and amines

(seven substances).

4.0 Reference Data

The reference data for the traditional LLNA used for the accuracy evaluation described in
Section 6.0 were obtained from ICCVAM (1999), Ryan et al. (2000), Basketter et al. (2006),
Gerberick et al. (2005), or Schneider and Akkan (2004). As stated in Section 3.0, no
traditional LLNA data were identified for three substances: 4-aminophenol HCl,
chlorpromazine +UVR, and croton oil. Therefore they were not included in this evaluation.
An independent quality assurance contractor for the National Toxicology Program (NTP)
audited the traditional LLNA data provided in ICCVAM (1999). Audit procedures and
findings are presented in the quality assurance report on file at the National Institute of
Environmental Health Sciences (NIEHS). The audit supports the conclusion that the
transcribed test data in the submission were accurate, consistent, and complete as compared
to the original study records. A similar audit of the traditional LLNA data in Ryan et al.
(2001), Schneider and Akkan (2004), Gerberick et al. (2005), and Basketter et al. (2006) has

not been possible, but copies of original data have been requested.

The reference data for the GP tests (Guinea Pig Maximization Test [GPMT] or Buehler Test
[BT]) and human tests (Human Maximization Test [HMT], Human Patch Test Allergen
[HPTA], or other human data) were obtained from Poole et al. (1970), Opdyke (19764,
1976b), Gad et al. (1986), Gerberick et al. (1992, 2005), Kimber and Basketter (1997),
ICCVAM (1999), Rasanen et al. (1999), Basketter et al. (2000, 2003), Kwon et al. (2003),
and Schneider and Akkan (2004). Neither GP nor human data could be located for four
substances: croton oil, chlorpromazine +UVR, 4-aminophenol HCI, and fluorescein
isothiocyanate. No GP data could be located for seven substances: diphenylcyclopropenone,
hexane, hydrocortisone, linalool, pyridine, xylene, and isopropyl myristate. Additionally, no

human data could be located for copper chloride and lactic acid.
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476 Table 3-1 Traditional LLNA EC3 Values and Chemical Classification of Substances

477 Tested in the LLNA: BrdU-FC (Sorted by EC3 Value)
Substance Name Chemical Class’ TraditionalzLLNA
EC3
Oxazalone Heterocyclic compounds 0.0034
Tetrachlorosalicylanilide Amides; Amines 0.04
2, 4-Dinitrochlorobenzene gigigzzillzgﬁjstg}l;ziinated; Nitro compounds; 0.049
Diphenylcyclopropenone Hydrocarbons, Cyclic 0.05
4-Phenylenediamine Amines 0.11
Potassium dichromate éiizizﬁ;cgsggzaﬁr’lihmmmm compounds; 0.11°
Fluorescein isothiocyanate Polycyclic compounds; Isocyanates; Sulfur 0.143*
compounds
Benzoyl peroxide Carboxylic acids 0.3°
Copper chloride Inorganic chemicals 0.4
Formaldehyde Aldehydes 0.53
Isoeugenol Carboxylic acids 1.53
Ethylenediamine Amines 2.2
Trimellitic anhydride Anhydrides; Carboxylic acids 4.71
Cobalt chloride Inorganic chemicals, Metals 4.8°
Diethylenetriamine Amines 5.8
Sodium lauryl sulfate Alcohols; Sulfur compounds; Lipids 8.08°
2-Mercaptobenzothiazole Heterocylic compounds 9.8
Citral Hydrocarbons, Other 9.8
Hexyl cinnamic aldehyde Aldehydes 9.9
Eugenol Carboxylic acids 10.1
Benzocaine Carboxylic acids 22
Et hylene glycol Carboxylic acids 28’
dimethacrylate
Linalool Hydrocarbons 30
Isopropyl myristate Lipids 44
Aniline Amines 63
Pyridine Heterocyclic compounds 72
Xylene Hydrocarbons, Cyclic 95.8°
4-Aminobenzoic acid Carboxylic acids NA
6-Methylcoumarin Heterocyclic compounds NA
Benzalkonium chloride Onium compounds NA
Benzoic acid Carboxylic acids NA
Chlorobenzene Hydrocarbons, Cyclic; Hydrocarbons, NA
Halogenated
Glycerol Alcohols; Carbohydrates NA
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Substance Name Chemical Class’ TraditionalzLLNA

EC3
Hexane Hydrocarbons, Acyclic NA
Hydrocortisone Polycyclic compounds NA
Isopropanol Alcohols NA
Lactic acid Carboxylic acids NA
Methyl salicylate Phenols; Carboxylic acids NA
Nickel chloride Inorganic chemicals NA
Propylene glycol Alcohols NA
Propylparaben Phenols; Carboxylic acids NA
Resorcinol Phenols NA
Salicylic acid Phenols; Carboxylic acids NA
Sulfanilimide Amides; Sulfur compounds; Amines NA
Tween 80 Alcohols NA

Abbreviations: LLNA: BrdU-FC = Murine local lymph node assay with flow cytometry measurement of
bromodeoxyuridine incorporation; EC3 = Estimated concentration needed to produce a stimulation index (SI) =
3; NA = Not applicable, since maximum SI < 3.
'Chemical classifications based on the Medical Subject Headings classification for chemicals and drugs,
developed by the National Library of Medicine (http:/www.nlm.nih.gov/mesh/meshhome.html).

2Average EC3 values from the NICEATM LLNA database. All tests use acetone:olive oil (4:1) as the vehicle

unless otherwise noted.
*Vehicle= Dimethyl sulfoxide.

*Vehicle = acetone/dibutyl phthalate (50:50).

>Vehicle not reported.

®Vehicle = Dimethylformamide.
"Vehicle = Methyl ethyl ketone.

10
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5.0 Test Method Data and Results

See Appendix C for the LLNA: BrdU-FC data for the 48 substances tested in this study. All
substances were also evaluated in the eLLNA: BrdU-FC protocol (only substances with SI >
3 and mouse ear swelling > 25% were evaluated with the additional immunophenotypic
markers included in the eLLNA: FC-BrdU). Test substances were not coded to hide their

identities during testing. All test results were obtained using the protocol in Appendix A.

As indicated in Section 3.0, traditional LLNA data were identified by NICEATM for 45 of
the 48 substances. Of these 45 substances, 37 had LLNA: BrdU-FC, traditional LLNA, and
GP data while 42 substances had LLNA: BrdU-FC, traditional LLNA, and human data.
Three of the 45 substances produced divergent results when tested at least twice in the
traditional LLNA and/or in the LLNA: BrdU-FC (i.e., benzocaine in both tests, and 2-
mercaptobenzothiazole and salicylic acid in the LLNA: BrdU-FC test). These three

substances are hereafter referred to as producing "equivocal" results in the LLNA: BrdU-FC.
6.0 Test Method Accuracy

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). Additional comparisons should also be made against
any available human data or experience from testing or accidental exposures. 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

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

incorrectly identified as positive

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

incorrectly identified as negative.

11



520
521
522
523
524
525
526
527
528
529
530

531

532

533
534
535
536

537
538
539

540

541
542
543
544
545
546
547

DRAFT — LLNA:BrdU-FC Background Review Document January 7, 2008

An accuracy analysis for the LLNA: BrdU-FC was conducted using data on 45 substances
tested by MB Research Labs (2007); these substances had also been tested in the traditional
LLNA. Thirty-seven of these substances had LLNA: BRDU-FC, traditional LLNA, and GP
data while 42 substances had LLNA: BRDU-FC, traditional LLNA, and human data. To
account for the substances that produced equivocal results in the LLNA: BrdU-FC (see
Section 5.0) two separate analyses were conducted: 1) only the substances with unequivocal
LLNA: BrdU-FC results were evaluated, and 2) the three equivocal substances were included
by using the more conservative result (i.e., positive) for all three substances. Including the
three equivocal substances resulted in a net gain of two correctly identified sensitizers and
one false positive result when comparing the LLNA: BrdU-FC to the traditional LLNA,

guinea, and human results.

6.1 LLNA: BrdU-FC Database Analysis

6.1.1 Accuracy vs. the Traditional LLNA

Based on the available data, when compared to the traditional LLNA (and excluding the
three equivocal substances) the LLNA: BrdU-FC had an accuracy of 93% (39/42), a
sensitivity of 100% (24/24), a specificity of 83% (15/18), a false positive rate of 17% (3/18),
and a false negative rate of 0% (0/24) (Table 6-1).

Including the three equivocal substances resulted in an accuracy for the LLNA: BrdU-FC of
91% (41/45), a sensitivity of 100% (26/26), a specificity of 7