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JaCVAM statement
on the Local Lymph Node Assay (LLNA): BrdU-ELISA
for skin sensitization assay

At the meeting concerning the above method, held on 1 October 2012 at the National
Institute of Health Sciences (NIHS), Tokyo, Japan, the members of the Japanese Center for
the Validation of Alternative Methods (JaCVAM) Regulatory Acceptance Board unanimously
endorsed the following statement:

The LLNA: BrdU-ELISA can be used to identify substances as potential skin sensitizers
or nonsensitizers as well as LLNA for regulatory use, without Radio-isotope.

Following the review of the results of the ICCVAM(Interagency Coordinating Committee on
theValidation of Alternative Methods, USA) Evaluation Report, JaCVAM peer review panel
reports, and OECD (Organisation for Economic Co-operation and Development) Test
Guideline revised No. 442B, it is concluded that the LLNA: BrdU-ELISA for skin
sensitization assay is clearly beneficial.

The JaCVAM Regulatory Acceptance Board has been regularly kept informed of the
progress of the study, and this endorsement is based on an assessment of various documents,
including, in particular, the evaluation report prepared by the JaCVAM ad hoc peer review
panel for skin sensitization assay.

Wt & ;i '

. A {..-{:- ,i,-,:"- I::.:If:J ﬁf—-—-ﬂh—i-___
Takemi f;.slhida Akiyoshi Nishikawa
Chairperson Chairperson
JaCVAM Regulatory Acceptance Board JaCVAM Steering Committee

20 January, 2013



The JaCVAM Regulatory Acceptance Board was established by the JaCVAM Steering
Committee, and is composed of nominees from the industry and academia.

Mr. Takemi Yoshida (Japanese Society of Toxicology): Chairperson

Mr. Norihide Asano (Japanese Environmental Mutagen Society)

Mr. Yoshiaki Ikarashi (National Institute of Health Sciences: NIHS)

Mr. Takeyuki Oshima (Japan Chemical Industry Association)

Mr. Hiromichi Ogasawara (Pharmaceuticals and Medical Devices Agency)

Mr. Hiroshi Onodera (Pharmaceuticals and Medical Devices Agency)

Mr. Tsutomu Miki Kurosawa (Japanese Society for Animal Experimentation)

Ms. Mariko Sugiyama (Japan Cosmetic Industry Association)

Mr. Akiyoshi Nishikawa (Biological Safety Research Center: BSRC, NIHS)

Mr. Ryuichi Hasegawa (National Institute of Technology and Evaluation)

Mr. Eiji Maki (Japanese Society of Immunotoxicology)

Mr. Mitsuteru Masuda(nominee by Chairperson)

Mr. Hiroo Yokozeki (Japanese Society for Dermatoallergology and Contact
Dermatitis)

Ms. Midori Yoshida (BSRC, NIHS)

Mr. [sao Yoshimura (nominee by Chairperson)

Mr. Kazuto Watanabe (Japan Pharmaceutical Manufacturers Association)



This statement was endorsed by the following members of the JaCVAM steering Committee
after receiving the report from JaCVAM Regulatory Acceptance Board:

Mr. Akiyoshi Nishikawa (BSRC, NIHS): Chairperson

Mr. Yasuo Ohno (NIHS)

Ms. Kumiko Ogawa (Division of Pathology, BSRC, NIHS)

Mr. Jun Kanno (Division of Cellular and Molecular Toxicology, BSRC, NIHS)

Mr. Kazuyuki Saito (Pharmaceutical & Medical Devices Agency)

Mr. Masahiro Sasaki (Ministry of Health, Labour and Welfare)

Ms. Yuko Sekino (Division of Pharmacology, BSRC, NIHS)

Mr. Atsuya Takagi (Animal Management Section of the Division of Cellular and
Molecular Toxicology, BSRC, NIHS)

Mr. Kazuhisa Hasebe (Ministry of Health, Labour and Welfare)

Mr. Akihiko Hirose (Division of Risk Assessment, BSRC, NIHS)

Mr. Masamitsu Honma (Division of Genetics and Mutagenesis, BSRC, NIHS)

Mr. Toshinari Mitsuoka (Ministry of Health, Labour and Welfare)

Mr. Hajime Kojima (Section for the Evaluation of Novel Methods, Division of
Pharmacology, BSRC, NIHS):Secretary



R & I e 3R BR U Local Lymph Node Assay (LLNA):
BrdU-ELISA

o 1
i 7

OECD GUIDELINE FOR THE TESTING OF CHEMICALS No.442B,

Skin Sensitization: Local Lymph Node Assay:
BrdU-ELISA 15

ICCVAM Test Method Evaluation Report on the Murine Local Lymph Node Assay:
BrdU-ELISA A Nonradioactive Alternative Test Method to Assess the Allergic

Contact Dermatitis Potential of Chemicals and

Products 31

() AL R TE RS X 0 42RO & o 7o RSB EMERRER UL (LLNA-BrdU {£)
D —UREHl &

65

() AL ERHAGA TR K 0 42 D & o 72 B R R EMERRBR % (LLNA-BrdU %)
D IR EHm

81



R FE A EME R BRCR 1E Local Lymph Node Assay (LLNA): BrdU-ELISA
DY EFED LT I|Z BT 2 ISR e

JaCVAM FFAfi &7

SRk 24 A (2012 4F) 10 A 1 H



JaCVAM A=

HHRE (AARREETR) - EE

EEES (HARBEL R )

TR EW (ESLES A & an i BT 2 AT)

Rt (AP TERR)

NEJFALE ORSIATEAEN R R AR S HAS)

NEFSFIRE MSZATEOEAN A ERR R G SRR AE)

B 5 (HADYEBRREEER)
HILEHY (AR TRES R

PaJHRKEE (ENZE AR an i AT et Rt EwslEisit 2 —)
BER)IE— RSIATBOEN B ERAM B EARAEAS)

Bo R (AARREEETR)

FEMOEEE (FEERAHERS)

RERAIERE (A ARBE T LV — - Befil i g 2%
HHRk (ENZERSRSEENEST L
ERZh (BERAERS)

B — N (HAREE TR R)

FR)
MR v 2 —)

R3] . SRk 244F 4 H 1 H~FRK 2643 A 31 H

Lk



B JERAEMERRBR L LLNA: BrdU-ELISA I22W T, BEIZ JaCVAM #Hli 5k TF D2 4N
FHl ST 5 D, 4[] LLNA: BrdU-ELISA OERHEDOZE HIZEET 2 BEMEREGHLZ E 206
Ot D&, LT O 10 HEIZOWTEHI L 720 THE 5,

<N >
1. YERABREIL. FOXOREKRRELZAREBETL2000, £hid. LOX > REHLZFH ML 5
WIZTHRIT D B DD,

3% Local Lymph Node Assay (LLNA): BrdU-ELISA 1%, {bL5W/E % D R &R EN: 2 514 % €
JLE v b Maximization Test (GPMT) & % T Buehler Test (BT) D {4ERER{E CTH 5~ 7 A LLNA
DEBEARBRIETH D, o T, HLARBREOTHT 5 & 2 AL, EREBRIED LLNA 23 74 51k
FWHEE DK ERNETH D,

2. UYL L WERRBRIEORIZED L 5 BRI D2 B Y B3 5D,

PERRBRIEIT, BAEIZEES B U o Hi O MR BT SO 2 B % E O [BH-methyl]-thymidine
(BH-TdR)® DNA ~DOHUAL ZHEIE & L TR 23BRIETH 2, HikalRisid, BIFREIC LD Y
VNHIHIE OIS D & O BRIBRIE O JREIIECRRBRIE L R U Th 208, HUHMEmE O
SH-TdR Oft4> V) (2, bromodeoxyuridine (BrdU)?® DNA ~DOHUAZ 481 & L, BrdU E %R
ZEREE (ELISA) X0V BOtEE LCEHAIT 26D TH 5,

3. YUBHEBELZOT—XIiT, EH TSI RRFERFHMEZZ T TV DD,

ICCVAM %, %= HiliZEE A2/ L. JaCVAM 2% L 72 4%k Bk OB 9 T b h
7= 10 WEORBRAMAE & 5T 43 WHE OB Z L s AT 7 ¢ TN L, R CRERERBRIE

CRDORERE LT, %@ﬁfﬂfﬁ BT, YZRBRIEIC BT D BERAE O EREL LTh v b
ﬁ71ﬁ21.6 AHEHTHZLICL D, IERRBRIE L RISORENESND Z L &R L, YERBRIED
R EE @Eﬁizﬁ%ﬁﬁ%%ﬂ?ﬁﬂ L7z 9, 2Ok L OREHERE F1X. ICCVAM O h— A—T TR
HINTWD

$72. HAED LLNA: BrdU-ELISA /MBI Z B 2213, JaCVAM T3 S 4172 Y 3%k
EORGERE & 52 ICCVAM OREAffE H 4 6k b U CREAl L 7=,

F o T, YiZRBEOHEREDOE T, FEH TSI RFHE 2T T\ D LI 42,

4. YERBRIEIL, ERRBREORBFEL LT, EoX 5 WENIRGEZFMET2Z L2 L
LTV 525
LREABRIAIT, BESMHAIE LTV D IR, RS, (BhEn . BB M O SIS, 23K
FICEENDWHEXITZN S ORISR 6 D B RAENE 2 FHE 9 2 1ERRBIEOREIE L LT
OEREZRET 5,

5. MEBBIEIL. A#—bﬁmbéwm)x&ﬁﬁ0856_ﬁﬁf&ém
UHABRIEL, OB IR B RO — FFHECH I TH 5,



6. YUHERBIEIX. BNET3HENIMMHOFELIMETE 50 TOHE. YRABREOEA
SAEDBAREIZ 72 > TV B,

BHARBIEOZ UM AR T T — 21X, JaCVAM DRGERABRICHER L7 10 ME =51 43 E (b
BEGL, bRodh, BRI, EEL, BEWEA, SRR KOEMEL RREn . FEE AR
BLOBA) ORBEIETH D, Lo T, BkBikix, 2o 20863 2 W SUTRL O B GRS E
PEZFHET 2 Z ENTEDE VR D,

WEGRBRIE IRV T, REkaBRIE &[RRI EE O /JET RIS S o 2 F mtE a2 R & VW HE
iR LT 5, BREMEEAPEBRT 5720, BERIEEO B HIE %L JaCVAM CHGEE L 727 >
FATZE>2.0 2B >1.6 ICEHE Lz, ZOEHESNIHEREICE T, BBEEZ R THE LT
TET 5720, FRERIEMEORMEHIEIL, HBRWE BT 20 ®R (B 21F, HERISHEHR.
B MR U < IXERE 7o /T BRI OREL, Z X fEAME, s, B L O )
EEELTUTHIMEDRD D,

PRI, fEkRBRIED LLNA LR TH 5,

7. SUBEBREIT 0 Fa v OBMARERICK L TERRTH 52

YRR, FERABRIE L IFERROICR U T 5 2 L b, MatBRIEO LI DN IR L O
MR EAE S L OB T, FORMBRIE LA U Ch D L B2 bhd, MEaikiEg, BrdU HIEC
#if BLISA % v R 232 2 Linh, BIEOET (BlZ13, 71— FOWls LU0, Kk
PURD SOSFFE) 1 ZEMAZE® T 2 EKNIC2RY 5 5, LaL, FEhll 72> TiL, ICCVAM ®
BT LB LT AICRR T 0 h 2 2 L 2078 h bR BEICFS 2 ERBETH S,

8. UMABRIEOEINBER/IZT, BRI EBREBTHNIHELEEILL > TEHLRLDOTH DD,
PRBRIE D S (PR R BRAB AN LB D,
YLABRIEIL, WY 22T BBRE AN E T L > TEOEME[RITESL TH 5, WK
FBRTENZ FeS . TR M BB % 55 OO 5 R 72 AR 1 T ZE 70

0. UHBBEIL. GERBEBE L K THHBERNICEL T BD,

PERABRIEIL, U >/ SEROBPERS A MET 5 ik s LCRIHEWE (RD AT 5720, 4
PR BRI A LB L L, MO, BESE O LIS MR e R 5 L CHix O
Mibofz, —J7, MERBIEE, WHOKBRBESLN X, F7o, RI ASEL LAV L LY,
BB CRE I D E RSB Th Y | MIMIORSENICER TV 5,

10. MEAREIL, BWERLOBARURIFEH RN L, BH L T 29EIRMH OB 2 M
HREWEE LT, T ERAT 2 Z L IEFTRED,

WEERBRIEIL, B & O W UERRBRIE TIE 22y, Las L, GPMT %5l oo B2 8 I R BR 1k &
HB LT, 8IC5 25 A b L AT SROBHE V) R TEATWD, BIEAHAIE LTH
WD ESEG, EREER, (bR, BOEE ] O EREE MG, BEEICE EN2WE T TN L OGO
RIS ENE 2 T 2 Y i%al BRI X M E R ED D » NA T % T 5 2 LI L0 ARYEOPERRS AT
REIC7e D & & bic, RI AT & S ERRBRIE L RSO RMFOND Z b 1TBL RIS
HZEIFAEETH D,



235 3R

1)

2)

3)

4)

P& RN AR (LLNA : BrdU {£) ORHli=##EE. JaCVAM FHilisg (Fak 22 4 5 H |
Rk 28 4 4 7 80E)

B R A EMERRIBR %5 Local Lymph Node Assay (LLNA): BrdU-ELISA O =& 7HliEs (OF
Bl 24 47 1)

Hajime Kojima, et al. Inter-laboratory validation of the modified murine local lymph node
assay based on 5-bromo-2’-deoxyuridine incorporation. J. Appl. Toxicol. 31: 63-74 (2011)
ICCVAM (2010). ICCVAM Test Method Evaluation Report on the Murine Local Lymph
Node Assay: BrdU-ELISA, a Nonradioactive Alternative Test Method to Assess the Allergic
Contact Dermatitis Potential of Chemicals and Products. NTH Publication No. 10-7552.

Research Triangle Park, NC: National Institute of Environmental Health Sciences.
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OECD GUIDELINE FOR THE TESTING OF CHEMICALS

Skin Sensitization: Local Lymph Node Assay: BrdU-ELISA

INTRODUCTION

1. OECD Guidelines for the Testing of Chemicals are periodically reviewed in light of scientific progress,
changing regulatory needs, and animal welfare considerations. The first Test Guideline (TG) for the
determination of skin sensitization in the mouse, the Local Lymph Node Assay (LLNA; TG 429) was
adopted in 2002, and has since then been revised (1). The details of the validation of the LLNA and a
review of the associated work have been published (2) (3) (4) (5) (6) (7) (8) (9). In the LLNA,
radioisotopic thymidine or iodine is used to measure lymphocyte proliferation and therefore the assay has
limited use in regions where the acquisition, use, or disposal of radioactivity is problematic. The LLNA:
BrdU-ELISA [Enzyme-Linked Immunosorbent Assay] is a non-radioactive modification to the LLNA test
method, which utilises non-radiolabelled 5-bromo-2-deoxyuridine (BrdU) (Chemical Abstracts Service
[CAS] No 59-14-3) in an ELISA-based test system to measure lymphocyte proliferation. The LLNA:
BrdU-ELISA has been validated and reviewed and recommended by an international independent scientific
peer review panel as considered useful for identifying skin sensitizing and non-sensitizing test substances,
with certain limitations (10) (11) (12). This Test Guideline is designed for assessing skin sensitization
potential of chemicals in animals. TG 406 utilises guinea pig tests, notably the guinea pig maximisation
test and the Buehler test (13). The LLNA (TG 429) and the two non-radioactive modifications, LLNA:
BrdU-ELISA (TG 442 B) and LLNA: DA (TG 442 A), all provide an advantage over the guinea pig tests
in TG 406 (13) in terms of reduction and refinement of animal use.

2. Similar to the LLNA, the LLNA: BrdU-ELISA studies the induction phase of skin sensitization and
provides quantitative data suitable for dose-response assessment. Furthermore, an ability to detect skin
sensitizers without the necessity for using a radiolabel for DNA eliminates the potential for occupational
exposure to radioactivity and waste disposal issues. This in turn may allow for the increased use of mice to
detect skin sensitizers, which could further reduce the use of guinea pigs to test for skin sensitization
potential (i.e. TG 406) (13).

DEFINITIONS

3. Definitions used are provided in Annex 1.
INITIAL CONSIDERATIONS AND LIMITATIONS

4. The LLNA: BrdU-ELISA is a modified LLNA method for identifying potential skin sensitizing test
substances, with specific limitations. This does not necessarily imply that in all instances the LLNA: BrdU-
ELISA should be used in place of the LLNA or guinea pig tests (i.e. TG 406) (13), but rather that the assay
is of equal merit and may be employed as an alternative in which positive and negative results generally no
longer require further confirmation (10) (11). The testing laboratory should consider all available
information on the test substance prior to conducting the study. Such information will include the identity
and chemical structure of the test substance; its physicochemical properties; the results of any other in vitro
or in vivo toxicity tests on the test substance; and toxicological data on structurally related test substances.
This information should be considered in order to determine whether the LLNA: BrdU-ELISA is
© OECD, (2010)
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appropriate for the test substance (given the incompatibility of limited types of test substances with the
LLNA: BrdU-ELISA [see paragraph 5]) and to aid in dose selection.

5. The LLNA: BrdU-ELISA is an in vivo method and, as a consequence, will not eliminate the use of
animals in the assessment of allergic contact sensitizing activity. It has, however, the potential to reduce
the animal use for this purpose when compared to the guinea pig tests (TG 406) (13). Moreover, the
LLNA: BrdU-ELISA offers a substantial refinement of the way in which animals are used for allergic
contact sensitization testing, since unlike the TG 406, the LLNA: BrdU-ELISA does not require that
challenge-induced dermal hypersensitivity reactions be elicited. Furthermore, the LLNA: BrdU-ELISA
does not require the use of an adjuvant, as is the case for the guinea pig maximisation test (13). Thus, the
LLNA: BrdU-ELISA reduces animal distress. Despite the advantages of the LLNA: BrdU-ELISA over TG
406 (13), there are certain limitations that may necessitate the use of TG 406 (e.g. the testing of certain
metals, false positive findings with certain skin irritants [such as some surfactant-type substances] (6) (1),
solubility of the test substance). In addition, test substance classes or substances containing functional
groups shown to act as potential confounders (15) may necessitate the use of guinea pig tests (i.e. TG 406
(13)). Limitations that have been identified for the LLNA (1) have been recommended to apply also to the
LLNA: BrdU-ELISA (10). Other than such identified limitations, the LLNA: BrdU-ELISA should be
applicable for testing any test substances unless there are properties associated with these substances that
may interfere with the accuracy of the LLNA: BrdU-ELISA. In addition, consideration should be given to
the possibility of borderline positive results when Stimulation Index (SI) values between 1.6 and 1.9 are
obtained (see paragraphs 31-32). This is based on the validation database of 43 substances using an
Sl > 1.6 (see paragraph 6) for which the LLNA: BrdU-ELISA correctly identified all 32 LLNA sensitizers,
but incorrectly identified two of 11 LLNA non-sensitizers with Sl values between 1.6 and 1.9 (i.e.
borderline positive) (10). However, as the same dataset was used for setting the Sl-values and calculating
the predictive properties of the test, the stated results may be an over-estimation of the real predictive
properties.

PRINCIPLE OF THE TEST

6. The basic principle underlying the LLNA: BrdU-ELISA is that sensitizers induce proliferation of
lymphocytes in the lymph nodes draining the site of test substance application. This proliferation is
proportional to the dose and to the potency of the applied allergen and provides a simple means of
obtaining a quantitative measurement of sensitization. Proliferation is measured by comparing the mean
proliferation in each test group to the mean proliferation in the vehicle treated control group (VC). The
ratio of the mean proliferation in each treated group to that in the concurrent VC group, termed the Sl, is
determined, and should be >1.6 before further evaluation of the test substance as a potential skin sensitizer
is warranted. The methods described here are based on the use of measuring BrdU content to indicate an
increased number of proliferating cells in the draining auricular lymph nodes. BrdU is an analogue of
thymidine and is similarly incorporated into the DNA of proliferating cells. The incorporation of BrdU is
measured by ELISA, which utilises an antibody specific for BrdU that is also labelled with peroxidase.
When the substrate is added, the peroxidase reacts with the substrate to produce a coloured product that is
quantified at a specific absorbance using a microtiter plate reader.

DESCRIPTION OF THE ASSAY

Selection of animal species

7. The mouse is the species of choice for this test. Validation studies for the LLNA: BrdU-ELISA
were conducted exclusively with the CBA/JN strain, which is therefore considered the preferred strain (10)

(12). Young adult female mice, which are nulliparous and non-pregnant, are used. At the start of the study,
animals should be between 8-12 weeks old, and the weight variation of the animals should be minimal and
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not exceed 20% of the mean weight. Alternatively, other strains and males may be used when sufficient
data are generated to demonstrate that significant strain and/or gender-specific differences in the LLNA:
BrdU-ELISA response do not exist.

Housing and feeding conditions

8. Mice should be group-housed (16), unless adequate scientific rationale for housing mice
individually is provided. The temperature of the experimental animal room should be 22 £+ 3°C. Although
the relative humidity should be at least 30% and preferably not exceed 70%, other than during room
cleaning, the aim should be 50-60%. Lighting should be artificial, the sequence being 12 hours light, 12
hours dark. For feeding, conventional laboratory diets may be used with an unlimited supply of drinking
water.

Preparation of animals

9. The animals are randomly selected, marked to permit individual identification (but not by any form
of ear marking), and kept in their cages for at least five days prior to the start of dosing to allow for
acclimatisation to the laboratory conditions. Prior to the start of treatment all animals are examined to
ensure that they have no observable skin lesions.

Preparation of dosing solutions

10. Solid test substances should be dissolved or suspended in solvents/vehicles and diluted, if
appropriate, prior to application to an ear of the mice. Liquid test substances may be applied neat or diluted
prior to dosing. Insoluble substances, such as those generally seen in medical devices, should be subjected
to an exaggerated extraction in an appropriate solvent to reveal all extractable constituents for testing prior
to application to an ear of the mice. Test substances should be prepared daily unless stability data
demonstrate the acceptability of storage.

Reliability check

11. Positive controls (PC) are used to demonstrate appropriate performance of the assay by responding
with adequate and reproducible sensitivity to a sensitizing test substance for which the magnitude of the
response is well characterised. Inclusion of a concurrent PC is recommended because it demonstrates
competency of the laboratory to successfully conduct each assay and allows for an assessment of intra-,
and inter-laboratory reproducibility and comparability. Some regulatory authorities also require a PC for
each study and therefore users are encouraged to consult the relevant authorities prior to conducting the
LLNA: BrdU-ELISA. Accordingly, the routine use of a concurrent PC is encouraged to avoid the need for
additional animal testing to meet such requirements that might arise from the use of a periodic PC (see
paragraph 12). The PC should produce a positive LLNA: BrdU-ELISA response at an exposure level
expected to give an increase in the SI> 1.6 over the negative control (NC) group. The PC dose should be
chosen such that it does not cause excessive skin irritation or systemic toxicity and the induction is
reproducible but not excessive (e.g. SI > 14 would be considered excessive). Preferred PC test substances
are 25% hexyl cinnamic aldehyde (CAS No 101-86-0) and 25% eugenol (CAS No 97-53-0) in
acetone: olive oil (4:1, v/v). There may be circumstances in which, given adequate justification, other PC
test substances, meeting the above criteria, may be used.

12. While inclusion of a concurrent PC group is recommended, there may be situations in which
periodic testing (i.e. at intervals <6 months) of the PC test substance may be adequate for laboratories that
conduct the LLNA: BrdU-ELISA regularly (i.e. conduct the LLNA: BrdU-ELISA at a frequency of no less
than once per month) and have an established historical PC database that demonstrates the laboratory’s
ability to obtain reproducible and accurate results with PCs. Adequate proficiency with the LLNA: BrdU-
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ELISA can be successfully demonstrated by generating consistent positive results with the PC in at least 10
independent tests conducted within a reasonable period of time (i.e. less than one year).

13. A concurrent PC group should always be included when there is a procedural change to the LLNA:
BrdU-ELISA (e.g. change in trained personnel, change in test method materials and/or reagents, change in
test method equipment, change in source of test animals), and such changes should be documented in
laboratory reports. Consideration should be given to the impact of these changes on the adequacy of the
previously established historical database in determining the necessity for establishing a new historical
database to document consistency in the PC results.

14. Investigators should be aware that the decision to conduct a PC study on a periodic basis instead of
concurrently has ramifications on the adequacy and acceptability of negative study results generated
without a concurrent PC during the interval between each periodic PC study. For example, if a false
negative result is obtained in the periodic PC study, negative test substance results obtained in the interval
between the last acceptable periodic PC study and the unacceptable periodic PC study may be questioned.
Implications of these outcomes should be carefully considered when determining whether to include
concurrent PCs or to only conduct periodic PCs. Consideration should also be given to using fewer animals
in the concurrent PC group when this is scientifically justified and if the laboratory demonstrates, based on
laboratory-specific historical data, that fewer mice can be used (17).

15. Although the PC test substance should be tested in the vehicle that is known to elicit a consistent
response (e.g. acetone: olive oil; 4:1, v/v), there may be certain regulatory situations in which testing in a
non-standard vehicle (clinically/chemically relevant formulation) will also be necessary (18). If the
concurrent PC test substance is tested in a different vehicle than the test substance, then a separate VVC for
the concurrent PC should be included.

16. In instances where test substances of a specific chemical class or range of responses are being
evaluated, benchmark test substances may also be useful to demonstrate that the test method is functioning
properly for detecting the skin sensitization potential of these types of test substances. Appropriate
benchmark test substances should have the following properties:

o structural and functional similarity to the class of the test substance being tested:;
o known physical/chemical characteristics;

e supporting data from the LLNA: BrdU-ELISA;

e supporting data from other animal models and/or from humans.

TEST PROCEDURE
Number of animals and dose levels

17. A minimum of four animals is used per dose group, with a minimum of three concentrations of the
test substance, plus a concurrent NC group treated only with the vehicle for the test substance, and a PC
group (concurrent or recent, based on laboratory policy in considering paragraphs 11- 15). Testing multiple
doses of the PC should be considered especially when testing the PC on an intermittent basis. Except for
absence of treatment with the test substance, animals in the control groups should be handled and treated in
a manner identical to that of animals in the treatment groups.

18. Dose and vehicle selection should be based on the recommendations given in the references 2 and
19. Consecutive doses are normally selected from an appropriate concentration series such as 100%, 50%,
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25%, 10%, 5%, 2.5%, 1%, 0.5%, etc. Adequate scientific rationale should accompany the selection of the
concentration series used. All existing toxicological information (e.g. acute toxicity and dermal irritation)
and structural and physicochemical information on the test substance of interest (and/or structurally related
test substances) should be considered, where available, in selecting the three consecutive concentrations so
that the highest concentration maximises exposure while avoiding systemic toxicity and/or excessive local
skin irritation (19)(20). In the absence of such information, an initial pre-screen test may be necessary (see
paragraphs 21-24).

19. The vehicle should not interfere with or bias the test result and should be selected on the basis of
maximising the solubility in order to obtain the highest concentration achievable while producing a
solution/suspension suitable for application of the test substance. Recommended vehicles are acetone: olive
oil (4:1 v/v), N,N-dimethylformamide, methyl ethyl ketone, propylene glycol, and dimethyl sulphoxide (6)
but others may be used if sufficient scientific rationale is provided. In certain situations it may be necessary
to use a clinically relevant solvent or the commercial formulation in which the test substance is marketed
as an additional control. Particular care should be taken to ensure that hydrophilic substances are
incorporated into a vehicle system, which wets the skin and does not immediately run off, by incorporation
of appropriate solubilisers (e.g. 1% Pluronic® L92). Thus, wholly aqueous vehicles are to be avoided.

20. The processing of lymph nodes from individual mice allows for the assessment of inter-animal
variability and a statistical comparison of the difference between test substance and VC group
measurements (see paragraph 33). In addition, evaluating the possibility of reducing the number of mice in
the PC group is only feasible when individual animal data are collected (17). Further, some national
regulatory authorities require the collection of individual animal data. Regular collection of individual
animal data provides an animal welfare advantage by avoiding duplicate testing that would be necessary if
the test substance results originally collected in one manner (e.g. via pooled animal data) were to be
considered later by regulatory authorities with other requirements (e.g. individual animal data).

Pre-screen test

21. In the absence of information to determine the highest dose to be tested (see paragraph 18), a pre-
screen test should be performed in order to define the appropriate dose level to test in the LLNA: BrdU-
ELISA. The purpose of the pre-screen test is to provide guidance for selecting the maximum dose level to
use in the main LLNA: BrdU-ELISA study, where information on the concentration that induces systemic
toxicity (see paragraph 24) and/or excessive local skin irritation (see paragraph 23) is not available. The
maximum dose level tested should be a concentration of 100% of the test substance for liquids or the
maximum possible concentration for solids or suspensions.

22. The pre-screen test is conducted under conditions identical to the main LLNA: BrdU-ELISA study,
except there is no assessment of lymph node proliferation and fewer animals per dose group can be used.
One or two animals per dose group are suggested. All mice will be observed daily for any clinical signs of
systemic toxicity or local irritation at the application site. Body weights are recorded pre-test and prior to
termination (Day 6). Both ears of each mouse are observed for erythema and scored using Table 1 (20). Ear
thickness measurements are taken using a thickness gauge (e.g. digital micrometer or Peacock Dial
thickness gauge) on Day 1 (pre-dose), Day 3 (approximately 48 hours after the first dose), and Day 6.
Additionally, on Day 6, ear thickness could be determined by ear punch weight determinations, which
should be performed after the animals are humanely killed. Excessive local irritation is indicated by an
erythema score >3 and/or ear thickness of >25% on any day of measurement (21) (22). The highest dose
selected for the main LLNA: BrdU-ELISA study will be the next lower dose in the pre-screen
concentration series (see paragraph 18) that does not induce systemic toxicity and/or excessive local skin
irritation.
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Table 1. Erythema Scores

Observation Score

No erythema 0
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate to severe erythema 3
4

Severe erythema (beet redness) to eschar formation preventing grading of erythema

23. In addition to a 25% increase in ear thickness (21) (22), a statistically significant increase in ear
thickness in the treated mice compared to control mice has also been used to identify irritants in the LLNA
(22) (23) (24) (25) (26) (27) (28). However, while statistically significant increases can occur when ear
thickness is less than 25% they have not been associated specifically with excessive irritation (25) (26)
(27) (28) (29).

24. The following clinical observations may indicate systemic toxicity (30) when used as part of an
integrated assessment and therefore may indicate the maximum dose level to use in the main LLNA:
BrdU-ELISA: changes in nervous system function (e.g. pilo-erection, ataxia, tremors, and convulsions);
changes in behaviour (e.g. aggressiveness, change in grooming activity, marked change in activity level);
changes in respiratory patterns (i.e. changes in frequency and intensity of breathing such as dyspnea,
gasping, and rales), and changes in food and water consumption. In addition, signs of lethargy and/or
unresponsiveness and any clinical signs of more than slight or momentary pain and distress, or a >5%
reduction in body weight from Day 1 to Day 6 and mortality should be considered in the evaluation.
Moribund animals or animals showing signs of severe pain and distress should be humanely killed (31).

Main study experimental schedule

25. The experimental schedule of the assay is as follows:

° Day 1:

Individually identify and record the weight of each animal and any clinical observation.
Apply 25 pL of the appropriate dilution of the test substance, the vehicle alone, or the PC
(concurrent or recent, based on laboratory policy in considering paragraphs 11-15), to the
dorsum of each ear.

o Days 2 and 3:
Repeat the application procedure carried out on Day 1.

° Days 4:
No treatment.

. Days 5:
Inject 0.5 mL (5 mg/mouse) of BrdU (10 mg/mL) solution inter-peritoneally.
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° Day 6:

Record the weight of each animal and any clinical observation. Approximately 24 hours
(24 h) after BrdU injection, humanely kill the animals. Excise the draining auricular lymph
nodes from each mouse ear and process separately in phosphate buffered saline (PBS) for
each animal. Details and diagrams of the lymph node identification and dissection can be
found in reference (17). To further monitor the local skin response in the main study,
additional parameters such as scoring of ear erythema or ear thickness measurements
(obtained either by using a thickness gauge, or ear punch weight determinations at
necropsy) may be included into the study protocol.

Preparation of cell suspensions

26. From each mouse, a single-cell suspension of lymph node cells (LNC) excised bilaterally is
prepared by gentle mechanical disaggregation through 200 micron-mesh stainless steel gauze or another
acceptable technique for generating a single-cell suspension (e.g. use of a disposable plastic pestle to crush
the lymph nodes followed by passage through a #70 nylon mesh). The procedure for preparing the LNC
suspension is critical in this assay and therefore every operator should establish the skill in advance.
Further, the lymph nodes in NC animals are small, so careful operation is important to avoid any artificial
effects on Sl values. In each case, the target volume of the LNC suspension should be adjusted to a
determined optimised volume (approximately 15 mL). The optimised volume is based on achieving a mean
absorbance of the NC group within 0.1- 0.2.

Determination of cellular proliferation (measurement of BrdU content in DNA of lymphocytes)

27. BrdU is measured by ELISA using a commercial kit (e.g. Roche Applied Science, Mannheim,
Germany, Catalogue Number 11 647 229 001). Briefly, 100 uL of the LNC suspension is added to the
wells of a flat-bottom microplate in triplicate. After fixation and denaturation of the LNC, anti-BrdU
antibody is added to each well and allowed to react. Subsequently the anti-BrdU antibody is removed by
washing and the substrate solution is then added and allowed to produce chromogen. Absorbance at 370
nm with a reference wavelength of 492 nm is then measured. In all cases, assay test conditions should be
optimised (see paragraph 26).

OBSERVATIONS

Clinical observations

28. Each mouse should be carefully observed at least once daily for any clinical signs, either of local
irritation at the application site or of systemic toxicity. All observations are systematically recorded with
records being maintained for each mouse. Monitoring plans should include criteria to promptly identify
those mice exhibiting systemic toxicity, excessive local skin irritation, or corrosion of skin for euthanasia
(31).

Body weights

29.  As stated in paragraph 25, individual animal body weights should be measured at the start of the
test and at the scheduled humane kill.

CALCULATION OF RESULTS
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30. Results for each treatment group are expressed as the mean Sl. The Sl is derived by dividing the
mean BrdU labelling index/mouse within each test substance group and the PC group by the mean BrdU
labelling index for the solvent/\/C group. The average Sl for the VCs is then one.

The BrdU labelling index is defined as:

BrdU labelling index = (ABSer,— ABS blankey) — (ABSs— ABS blank)
Where; em = emission wavelength; and ref = reference wavelength.

31. The decision process regards a result as positive when S 1.6 (10). However, the strength of the
dose-response relationship, the statistical significance and the consistency of the solvent/vehicle and PC
responses may also be used when determining whether a borderline result (i.e. SI value between 1.6 and
1.9) is declared positive (3) (6) (32).

32. For a borderline positive response between an Sl of 1.6 and 1.9, users may want to consider
additional information such as dose-response relationship, evidence of systemic toxicity or excessive
irritation, and where appropriate, statistical significance together with SI values to confirm that such results
are positives (10). Consideration should also be given to various properties of the test substance, including
whether it has a structural relationship to known skin sensitizers, whether it causes excessive skin irritation
in the mouse, and the nature of the dose-response observed. These and other considerations are discussed
in detail elsewhere (4).

33. Collecting data at the level of the individual mouse will enable a statistical analysis for presence
and degree of dose-response relationship in the data. Any statistical assessment could include an evaluation
of the dose-response relationship as well as suitably adjusted comparisons of test groups (e.g. pair-wise
dosed group versus concurrent solvent/vehicle control comparisons). Statistical analyses may include, e.g.
linear regression or Williams’s test to assess dose-response trends, and Dunnett’s test for pair-wise
comparisons. In choosing an appropriate method of statistical analysis, the investigator should maintain an
awareness of possible inequalities of variances and other related problems that may necessitate a data
transformation or a non-parametric statistical analysis. In any case, the investigator may need to carry out
Sl calculations and statistical analyses with and without certain data points (sometimes called “outliers”).

DATA AND REPORTING

Data

34. Data should be summarised in tabular form showing the individual animal BrdU labelling index
values, the group mean BrdU labelling index/animal, its associated error term (e.g. SD, SEM), and the
mean Sl for each dose group compared against the concurrent solvent/vehicle control group.

Test report

35.  The test report should contain the following information:

Test substance and control test substance:

- identification data (e.g. CAS number, if available; source; purity; known impurities; lot
number);

- physical nature and physicochemical properties (e.g. volatility, stability, solubility);

- if formulation, composition and relative percentages of components;
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Solvent/vehicle:

Test animals:

Test conditions:

OECD/OCDE 442B

identification data (purity; concentration, where appropriate; volume used);
justification for choice of vehicle;

source of CBA mice;

microbiological status of the animals, when known;
number and age of animals;

source of animals, housing conditions, diet, etc.;

source, lot number, and manufacturer’s quality assurance/quality control data (antibody
sensitivity and specificity and the limit of detection) for the ELISA Kit;

details of test substance preparation and application;

justification for dose selection (including results from pre-screen test, if conducted);
vehicle and test substance concentrations used, and total amount of test substance applied;
details of food and water quality (including diet type/source, water source);

details of treatment and sampling schedules;

methods for measurement of toxicity;

criteria for considering studies as positive or negative;

details of any protocol deviations and an explanation on how the deviation affects the
study design and results;

Reliability check:

Results:

a summary of results of latest reliability check, including information on test substance,
concentration and vehicle used;

concurrent and/or historical PC and concurrent negative (solvent/vehicle) control data for
testing laboratory;

if a concurrent PC was not included, the date and laboratory report for the most recent
periodic PC and a report detailing the historical PC data for the laboratory justifying the
basis for not conducting a concurrent PC;

individual weights of mice at start of dosing and at scheduled humane kill; as well as mean
and associated error term (e.g. SD, SEM) for each treatment group;

time course of onset and signs of toxicity, including dermal irritation at site of
administration, if any, for each animal;

a table of individual mouse BrdU labelling indices and Sl values for each treatment group;

mean and associated error term (e.g. SD, SEM) for BrdU labelling index/mouse for each
treatment group and the results of outlier analysis for each treatment group;

calculated Sl and an appropriate measure of variability that takes into account the inter-
animal variability in both the test substance and control groups;

dose-response relationship;

statistical analyses, where appropriate;

Discussion of results:

9 © OECD, (2010
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- a brief commentary on the results, the dose-response analysis, and statistical analyses,
where appropriate, with a conclusion as to whether the test substance should be considered
a skin sensitizer.

© OCDE, (2010) 10
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ANNEX 1

Accuracy: The closeness of agreement between test method results and accepted reference values. It is a
measure of test method performance and one aspect of relevance. The term is often used interchangeably
with “concordance” to mean the proportion of correct outcomes of a test method (33).

Benchmark test substance: A sensitizing or non-sensitizing substance used as a standard for comparison
to a test substance. A benchmark substance should have the following properties: (i) a consistent and
reliable source(s); (ii) structural and functional similarity to the class of substances being tested; (iii)
known physical/chemical characteristics; (iv) supporting data on known effects; and (v) known potency in
the range of the desired response.

False negative: A test substance incorrectly identified as negative or non-active by a test method, when in
fact it is positive or active (33).

False positive: A test substance incorrectly identified as positive or active by a test, when in fact it is
negative or non-active (33).

Hazard: The potential for an adverse health or ecological effect. The adverse effect is manifested only if
there is an exposure of sufficient level.

Inter-laboratory reproducibility: A measure of the extent to which different qualified laboratories, using
the same protocol and testing the same test substance, can produce qualitatively and quantitatively similar
results. Inter-laboratory reproducibility is determined during the pre-validation and validation processes,
and indicates the extent to which a test can be successfully transferred between laboratories, also referred
to as between-laboratory reproducibility (33).

Intra-laboratory reproducibility: A determination of the extent that qualified people within the same
laboratory can successfully replicate results using a specific protocol at different times. Also referred to as
within-laboratory reproducibility (33).

Outlier: An outlier is an observation that is markedly different from other values in a random sample from
a population.

Quality assurance: A management process by which adherence to laboratory testing standards,
requirements, and record keeping procedures, and the accuracy of data transfer, are assessed by individuals
who are independent from those performing the testing.

Reliability: Measures of the extent that a test method can be performed reproducibly within and between
laboratories over time, when performed using the same protocol. It is assessed by calculating intra- and
inter-laboratory reproducibility (33).

Skin sensitization: An immunological process that results when a susceptible individual is exposed
topically to an inducing chemical allergen, which provokes a cutaneous immune response that can lead to
the development of contact sensitization.

Stimulation Index (S1): A value calculated to assess the skin sensitization potential of a test substance that
is the ratio of the proliferation in treated groups to that in the concurrent vehicle control group.

© OCDE, (2010) 14



Test substance: Any material tested using this TG, whether it is a single compound or consists of multiple
components (e.g. final products, formulations). When testing formulations, consideration should be given
to the fact that certain regulatory authorities only require testing of the final product formulation. However,
there may also be testing requirements for the active ingredient(s) of a product formulation.
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Preface

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

Skin sensitization testing has typically required the use of guinea pigs (Buehler 1965; Magnusson
and Kligman 1970). However, in 1998, the Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM) evaluated and recommended an alternative test
method known as the murine (mouse) local lymph node assay (“traditional LLNA”).? The
traditional LLNA provides several advantages compared to guinea pig test methods, including
elimination of potential pain and distress, use of fewer animals, less time to perform, and
availability of dose-response information. Based on the validation database and performance,
ICCVAM recommended the LLNA as an alternative test method for assessing the skin
sensitization potential of most types of substances (ICCVAM 1999). United States and
international regulatory agencies subsequently accepted the traditional LLNA as a valid
alternative test method for ACD testing.

In 2007, the U.S. Consumer Product Safety Commission (CPSC) requested that ICCVAM
evaluate several modifications of the traditional LLNA, including a nonradioactive version of the
LLNA that measures bromodeoxyuridine (BrdU) incorporation into proliferating lymphocytes by
an enzyme-linked immunosorbent assay (ELISA) (referred to hereafter as the “LLNA:
BrdU-ELISA”), instead of using a radioactive marker to measure lymphocyte proliferation. The
BrdU-ELISA was developed by Dr. Masahiro Takayoshi at the Chemicals Evaluation and
Research Institute in Saitama, Japan and validation studies were completed in coordination with
the Japanese Center for the Validation of Alternative Methods (JaCVAM) at the National
Institute of Health Sciences. ICCVAM assigned this activity a high priority after considering
comments from the public and ICCVAM’s Scientific Advisory Committee on Alternative
Toxicological Methods (SACATM). As part of their ongoing collaboration with ICCVAM,
scientists from the European Centre for the Validation of Alternative Methods (ECVAM) and
JaCVAM served as liaisons to the ICCVAM Immunotoxicity Working Group (IWG). A detailed
timeline of the LLNA: BrdU-ELISA evaluation is included with this report.

This Test Method Evaluation Report provides ICCVAM’s recommendations regarding the
LLNA: BrdU-ELISA for assessing the ACD potential of chemicals and products. Since the
LLNA: BrdU-ELISA does not require a radioactive marker, it can be used by laboratories that
currently cannot use the traditional LLNA because they do not have a license for using
radioisotopes and in countries that discourage or severely limit the use of radioactive materials.
The report also summarizes the validation status of the LLNA: BrdU-ELISA and provides the
ICCVAM-recommended LLNA: BrdU-ELISA test method protocol.

Following independent scientific peer reviews in 2008 and 2009, ICCVAM submitted a proposed
draft Organisation for Economic Co-operation and Development (OECD) Test Guideline (TG)
for the LLNA: BrdU-ELISA that was circulated in July 2009 to the 30 OECD member countries

' http://www.blf.gov/IIF

2 The “traditional LLNA” refers to the validated ICCVAM-recommended LLNA test method protocol,
which measures lymphocyte proliferation based on incorporation of *H-methyl thymidine or '*’I-
iododeoxyuridine into the cells of the draining auricular lymph nodes (ICCVAM 1999; Dean et al. 2001).
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for review and comment. The U.S. CPSC and NICEATM-ICCVAM hosted an OECD Expert
Consultation meeting on October 20-22, 2009, to evaluate the comments. A revised TG was
distributed to the 30 OECD member countries in December 2009 for comment and then the final
draft was forwarded to the OECD Working Group of National Co-ordinators of the Test
Guidelines Programme, which was approved as TG 442B at their March 23-25, 2010 meeting.

ICCVAM solicited and considered public comments and stakeholder involvement throughout the
LLNA: BrdU-ELISA evaluation process. ICCVAM considered the SACATM comments, the
conclusions of the Panel and the OECD Expert Consultation, and all public comments before
finalizing the ICCVAM test method recommendations for the LLNA: BrdU-ELISA. The
recommendations and the background review document (BRD), which is provided as an appendix
to this report, are incorporated in this ICCVAM Test Method Evaluation Report. As required by
the ICCVAM Authorization Act, ICCVAM will forward its recommendations to U.S. Federal
agencies for consideration. Federal agencies must respond to ICCVAM within 180 days after
receiving the ICCVAM test method recommendations. ICCVAM recommendations are available
to the public on the NICEATM-ICCVAM website,” and agency responses will also be made
available on the website as they are received.

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

Dr. Michael Luster for serving as the Panel Chair and to Dr. Michael Woolhiser, Dr. Michael
Olson, Dr. Stephen Ullrich, and Kim Headrick for their service as Evaluation Group Chairs. We
thank the IWG for assuring a meaningful and comprehensive review. We especially thank Dr.
Joanna Matheson (Consumer Product Safety Commission) and Dr. Abigail Jacobs (U.S. Food and
Drug Administration Center for Drug Evaluation and Research) for serving as Co-Chairs of the
IWG. We also acknowledge Integrated Laboratory Systems, Inc., the NICEATM support
contractor, for providing excellent scientific and operational support, including Dr. David Allen,
Thomas Burns, Michael Paris, Dr. Eleni Salicru, Frank Stack, and Dr. Judy Strickland. Finally,
we thank Dr. Silvia Casati and Dr. Hajime Kojima, the IWG liaisons from ECVAM and
JaCVAM, respectively, for their participation and contributions.

This comprehensive ICCVAM evaluation of the LLNA: BrdU-ELISA should facilitate regulatory
agency decisions on the acceptability of the method. Use of the method by industry can be
expected to significantly reduce and refine animal use for ACD testing while continuing to
support the protection of human health.

Marilyn Wind, Ph.D.

Deputy Associate Executive Director
Directorate for Health Sciences

U.S. Consumer Product Safety Commission
Chair, ICCVAM

William S. Stokes, D.V.M., DACLAM

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

Executive Director, ICCVAM

? Available at http://iccvam.niehs.nih.gov/methods/immunotox/llna-ELISA/TMER.htm
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Executive Summary

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM)
recently evaluated the validation status of a nonradioactive version of the murine local lymph
node assay (LLNA) called the LLNA: BrdU-ELISA. The LLNA is used to identify chemicals and
products that may cause allergic contact dermatitis (ACD), an allergic skin reaction characterized
by redness, swelling, and itching. The LLNA: BrdU-ELISA uses bromodeoxyuridine (BrdU)
uptake to measure proliferating lymphocytes. The BrdU in this version is quantified with an
enzyme-linked immunosorbent assay (ELISA) kit, while the traditional LLNA uses *H-methyl
thymidine or '*I-iododeoxyuridine uptake to measure lymphocyte proliferation.® This Test
Method Evaluation Report provides ICCVAM’s recommendations regarding the usefulness and
limitations of the LLNA: BrdU-ELISA as an alternative to the traditional LLNA. The report
includes the ICCVAM-recommended LLNA: BrdU-ELISA test method protocol, the final
LLNA: BrdU-ELISA background review document (BRD) describing the validation status of the
test method, and recommendations for future studies and performance standards.

Following nomination of the LLNA: BrdU-ELISA by the U.S. Consumer Product Safety
Commission (CPSC), the National Toxicology Program Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM), ICCVAM, and the ICCVAM Immunotoxicity
Working Group prepared an initial draft BRD and draft test method recommendations. The drafts
were provided to an independent international scientific peer review panel (Panel) and to the
public for comment. The Panel met twice in public session to review the initial and revised draft
BRD and draft ICCVAM recommendations. The initial draft BRD evaluated data for 24
substances. The Panel initially met in public session on March 4-6, 2008, to discuss its peer
review of the ICCVAM draft BRD and to provide conclusions and recommendations regarding
the validation status of the LLNA: BrdU-ELISA test method. The Panel also reviewed how well
the information in the draft BRD supported ICCVAM’s draft test method recommendations. The
Panel concluded that definitive test method recommendations could not be made until a detailed
protocol and individual animal data were obtained and an evaluation of interlaboratory
reproducibility was conducted.

NICEATM revised the draft BRD with additional information and data. The revised draft BRD
evaluated data for 31 substances. The Panel reconvened in public session on April 28-29, 2009, to
review the ICCVAM revised draft BRD and to finalize its conclusions and recommendations on
the current validation status of the LLNA: BrdU-ELISA test method.

Based on the revised draft ICCVAM recommendations and Panel reports, NICEATM submitted a
proposed draft Organisation for Economic Co-operation and Development (OECD) Test
Guideline (TG) for the LLNA: BrdU-ELISA. The draft TG was circulated in July 2009 to the 30
OECD member countries for review and comment. The U.S. CPSC and NICEATM-ICCVAM
hosted an OECD Expert Consultation meeting on October 20-22, 2009, to evaluate the comments.
The expert group reviewed the draft OECD TG for the LLNA: BrdU-ELISA, proposed responses
to comments from member countries, and evaluated LLNA: BrdU-ELISA results for 12
additional substances tested and submitted to NICEATM after the April 2009 Panel evaluation. A
revised TG was distributed to the 30 OECD member countries in December 2009 for comment
and then the final draft was forwarded to the OECD Working Group of National Co-ordinators of

* The traditional LLNA refers to the validated ICCV AM-recommended LLNA protocol, which measures
lymphocyte proliferation based on incorporation of *H methyl thymidine or '*I-iododeoxyuridine into
the cells of the draining auricular lymph nodes (ICCVAM 1999; Dean et al. 2001).
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the Test Guidelines Programme, which approved the LLNA: BrdU ELISA as TG442B at their
March 23-25, 2010 meeting.

In finalizing this Test Method Evaluation Report and the BRD, which is included as an appendix,
ICCVAM considered (1) the conclusions and recommendations of the Panel and the OECD
Expert Consultation, (2) comments from ICCVAM’s Scientific Advisory Committee on
Alternative Toxicological Methods (SACATM), and (3) public comments.

ICCVAM Recommendations: Test Method Usefulness and Limitations

ICCVAM concludes that the accuracy and reliability of the LLNA: BrdU-ELISA support use of
the test method to identify substances as potential skin sensitizers or nonsensitizers. For the
validation database of 43 substances, the LLNA: BrdU-ELISA correctly identified all 32 LLNA
sensitizers (0% [0/32] false negatives), and nine of the 11 LLNA nonsensitizers (18% [2/11] false
positives). [ICCVAM recommends that a stimulation index (SI) > 1.6 be used as the decision
criterion to identify substances as potential sensitizers. ICCVAM bases this recommendation on
the fact that no false negatives, relative to the traditional LLNA, result with the current validation
database when SI > 1.6 is used.

A limitation of the LLNA: BrdU-ELISA is the potential for false positive results when borderline
positive responses between an SI of 1.6 and 1.9 are obtained (see Section 3.4). ICCVAM
considers the applicability domain for the LLNA: BrdU-ELISA to be the same as the traditional
LLNA unless there are properties associated with a class of materials that may interfere with the
accuracy of the LLNA: BrdU-ELISA. One exception would be nickel compounds. Unlike the
traditional LLNA, the LLNA: BrdU-ELISA can be used for testing nickel compounds based on
its ability to correctly identify them as potential sensitizers.

ICCVAM Recommendations: Test Method Protocol

ICCVAM recommends a LLNA: BrdU-ELISA test method protocol that is based on the protocol
developed by Takeyoshi et al. (2001) and refined during an interlaboratory validation study
(Kojima et al. 2008). The ICCVAM-recommended LLNA: BrdU-ELISA protocol incorporates all
aspects of the ICCVAM-recommended traditional LLNA test method protocol, except for those
procedures unique to the conduct of the LLNA: BrdU-ELISA. In testing situations where dose-
response information is not required, or negative results are anticipated, [CCVAM recommends
that the reduced LLNA: BrdU-ELISA should be considered and used where determined
appropriate. The reduced LLNA tests only the high dose, thus further reducing animal use by up to
40%.

ICCVAM Recommendations: Future Studies

ICCVAM recommends the following future studies to further characterize the usefulness and
limitations of the LLNA: BrdU-ELISA test method:

o Efforts should be made to identify additional human data and human experience for
test substances. These data may be used to further assess the usefulness and
limitations of this and other versions of the LLNA for identifying human sensitizing
substances. Such efforts might include post-marketing surveillance of consumers for
allergic reactions and occupational surveillance of potentially exposed workers.

e Additional substances that are nonsensitizing skin irritants should be tested to
determine the impact of such substances on the false positive rate of the LLNA:
BrdU-ELISA.

o Efforts should be made to further characterize the sensitization potential of borderline
positive substances (those that produce an SI between 1.6 and 1.9) in the LLNA:
BrdU-ELISA to determine if such results might be false positives. This could include
evaluations of peptide reactivity, determination of molecular weight, identification of
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results from related chemicals, human studies where ethically and scientifically
justified, review of occupational exposures and postmarketing experience or
monitoring, or in vitro testing data. All decision criteria should be reassessed as
additional discriminators and data become available.

ICCVAM Recommendations: Performance Standards

ICCVAM concludes that the ICCVAM-recommended performance standards (ICCVAM 2009a)
for the traditional LLNA can be used to evaluate any future modifications of the LLNA: BrdU-
ELISA. The ICCVAM-recommended performance standards for the traditional LLNA apply to
the LLNA: BrdU-ELISA because the test method is functionally and mechanistically similar to
the traditional LLNA.

Validation Status of the LLNA: BrdU-ELISA

The mechanistic basis of the LLNA: BrdU-ELISA is identical to that of the traditional LLNA.
The traditional LLNA measures the lymphocyte proliferation in the draining lymph nodes for the
skin area where the test article is applied. In the traditional LLNA, lymphocyte proliferation more
than three-fold or higher than the vehicle control is considered a positive response indicative of a
skin sensitizing substance. The only difference between the test method protocols for the
traditional LLNA and the LLNA: BrdU-ELISA is the procedure for measuring lymphocyte
proliferation. The traditional LLNA assesses lymphocyte proliferation by measuring the
incorporation of radioactivity into the DNA of dividing cells in the draining auricular lymph
nodes. The LLNA: BrdU-ELISA assesses cell proliferation by measuring the incorporation of a
nonradioactive thymidine analog, BrdU, into the DNA of dividing cells using an ELISA.

The accuracy of the LLNA: BrdU-ELISA was compared to that of the traditional LLNA using the
current validation database of 43 test substances. Optimal LLNA: BrdU-ELISA performance was
achieved using SI > 1.6 to classify sensitizers versus nonsensitizers. Compared to the traditional
LLNA, accuracy was 95% (41/43), with a false positive rate of 18% (2/11) and a false negative
rate of 0% (0/32). The two false positive substances produced SI values between 1.6 and 1.9 in
the LLNA: BrdU-ELISA. Therefore, other available information such as dose-response, evidence
of systemic toxicity or excessive local irritation, and where appropriate, statistical significance
together with SI values should be considered to confirm that such borderline positive results are
potential skin sensitizers. Consideration should also be given to various properties of the test
substance, including whether it is structurally similar to known skin sensitizers.

An evaluation to determine the robustness of the SI > 1.6 decision criterion indicated that the SI
was quite stable. Taking different samples of the data as training and validation sets had relatively
little impact on the cutoff SI criteria or on the resulting number of false positives or false
negatives.

ICCVAM concludes that the reproducibility of the LLNA: BrdU-ELISA supports the use of the
method to identify substances as potential skin sensitizers and nonsensitizers. The validation
database supported an assessment of both intra-and interlaboratory reproducibility. One study was
conducted to assess interlaboratory reproducibility.

In a qualitative analysis of intralaboratory reproducibility, two to six LLNA: BrdU-ELISA tests
yielded 100% concordance for sensitizer/nonsensitizer outcomes for 10/12 substances (10
sensitizers and two nonsensitizers). One of the nonsensitizers with 100% concordance, however,
produced false positive results in 2/2 tests. The two discordant substances were traditional LLNA
sensitizers that yielded one test with SI < 1.6 and another test with SI > 1.6. Quantitative analyses
of EC1.6 values (estimated concentration needed to produce an SI of 1.6) were performed for
four substances tested two to five times. The analyses produced coefficient of variation (CV)
values from 37% to 118%.
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The qualitative interlaboratory reproducibility analysis of 10 substances (seven sensitizers and
three nonsensitizers) tested in three to seven laboratories indicated 100% interlaboratory
agreement (3/3, 6/6, or 7/7) for nine substances (seven sensitizers and two nonsensitizers). One of
the nonsensitizers with 100% concordance, however, produced false positive results in 3/3
laboratories. There was 67% (4/6) agreement among the tests for the remaining nonsensitizer.
Interlaboratory CV values for the EC1.6 values of the seven sensitizers ranged from 31% to 93%.

Reproducibility of results for the 18 substances (13 LLNA sensitizers and 5 LLNA
nonsensitizers) that had two to 12 test results, regardless of whether the tests were performed in
one laboratory or multiple laboratories, was assessed with respect to SI category. When the SI >
1.6 decision criterion was used to classify sensitizers and nonsensitizers, the results for 78%
(14/18) of the substances were 100% concordant. The results for 85% (11/13) of the LLNA
sensitizers were 100% concordant (i.e., all yielded SI > 1.6) for two to 12 tests. The results for
60% (3/5) of the nonsensitizers were 100% concordant for two to three tests. All (3/3) tests for
two nonsensitizers had SI < 1.6. All (2/2) tests for the third nonsensitizer yielded SI values
between 1.6 and 1.9, the narrow region in which false positive results occurred.

The Panel agreed with ICCVAM that the reproducibility of the LLNA: BrdU-ELISA supported
the use of the method to identify substances as potential skin sensitizers and nonsensitizers.

ICCVAM Consideration of Independent Peer Review Panel Report and Other Comments

The ICCVAM evaluation process incorporates a high level of scientific peer review and
transparency. The evaluation process for the LLNA: BrdU-ELISA included two public review
meetings by an independent scientific peer review panel, multiple opportunities for public
comments, consideration of the OECD Expert Consultation on the LLNA, and comments from
the SACATM. ICCVAM and the Immunotoxicity Working Group considered the Panel report,
conclusions of the OECD Expert Consultation, the SACATM comments, and all public
comments before finalizing the ICCVAM Test Method Evaluation Report and final BRD for the
LLNA: BrdU-ELISA.
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1.0 Introduction

The murine local lymph node assay (traditional LLNA") is an alternative skin sensitization test
method that requires fewer animals and less time than currently accepted guinea pig (GP) tests (e.g.,
the guinea pig maximization test [GPMT] and the Buehler test). It also avoids animal discomfort that
can occur in the guinea pig tests when substances cause allergic contact dermatitis (ACD). The LLNA
measures cell proliferation in the draining auricular lymph nodes of the mouse by analyzing
incorporation of a radioactive marker into newly synthesized DNA. The LLNA was the first
alternative test method evaluated and recommended by the U.S. Interagency Coordinating Committee
on the Validation of Alternative Methods (ICCVAM). International regulatory authorities have now
recognized the traditional LLNA as an acceptable alternative to GP tests for most testing situations.

The LLNA with detection of bromodeoxyuridine (BrdU) incorporation by an enzyme-linked
immunosorbent assay (ELISA) (referred to hereafter as the “LLNA: BrdU-ELISA”) was one of
several modified versions of the LLNA nominated by the U.S. Consumer Product Safety Commission
(CPSC) for evaluation by ICCVAM and the National Toxicology Program Interagency Center for the
Evaluation of Alternative Toxicological Methods (NICEATM).” It is a nonradioactive version of the
LLNA that assesses cell proliferation using the incorporation of BrdU into newly synthesized DNA
rather than by quantifying the incorporation of *H-methyl thymidine or '*’I-iododeoxyuridine. The
increase in BrdU in lymph nodes from test animals compared to vehicle controls is then quantified
using an ELISA kit. The LLNA: BrdU-ELISA can reduce the use of animals for skin sensitization
testing when it is used in place of GP tests in countries that severely limit or discourage the use of
radioactive materials that are required by the traditional LLNA.

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

The ICCVAM Immunotoxicity Working Group (IWG) was established to work with NICEATM to
evaluate the LLNA: BrdU-ELISA and other test methods and applications. The European Centre for
the Validation of Alternative Methods (ECVAM) and the Japanese Center for the Validation of
Alternative Methods (JaCVAM) designated liaison members for the IWG.

To facilitate peer review of the LLNA: BrdU-ELISA test method, the IWG and NICEATM prepared
a comprehensive draft BRD that provided information and data from validation studies and the
scientific literature. A May 17, 2007, Federal Register (FR) notice (72 FR 27815%) requested data and
information on these test methods and nominations of individuals to serve on an international
independent scientific peer review panel (Panel). The request was also disseminated via the [CCVAM
electronic mailing list and through direct requests to over 100 stakeholders. In response to this
request, one individual submitted LLNA: BrdU-ELISA data and three individuals or organizations
nominated members to the Panel (see Section 4.0).

! The “traditional LLNA” refers to the validated ICCVAM-recommended LLNA test method protocol, which
measures lymphocyte proliferation based on incorporation of *H-methyl thymidine or '*I-iododeoxyuridine
into the cells of the draining auricular lymph nodes ICCVAM 1999; Dean et al. 2001).

2 Available at http://iccvam.niehs.nih.gov/methods/immunotox/linadocs/CPSC_LLNA_nom.pdf

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



In the initial draft BRD, ICCVAM examined data for 24 substances (16 sensitizers and eight
nonsensitizers, as classified by the traditional LLNA) that were tested in a single laboratory, with
results reported among six published studies and one platform presentation. On January 8, 2008,
ICCVAM announced the availability of the draft BRD to the public and a public Panel meeting to
review the validation status of the LLNA: BrdU-ELISA (and other LLNA-related activities)

(73 FR 1360%). All of the information provided to the Panel, including the ICCVAM draft BRD, draft
test method recommendations, and all public comments received prior to the Panel meeting, were
made publicly available via the NICEATM-ICCVAM website.’

The first Panel meeting was a public session held on March 4-6, 2008, to review the validation status
of the LLNA: BrdU-ELISA and the completeness of the ICCVAM draft BRD (see Appendix D1).
The Panel evaluated (1) the extent to which the draft BRD addressed established validation and
acceptance criteria and (2) the extent to which the BRD supported ICCVAM’s draft proposed test
method uses, recommended test method protocol, draft test method performance standards, and
proposed future studies. Interested stakeholders from the public were provided opportunities to
comment at the Panel meeting. The Panel considered these comments as well as those submitted prior
to the meeting before concluding their deliberations. The Panel agreed with the draft ICCVAM
recommendations that the LLNA: BrdU-ELISA may be useful for identifying substances as potential
skin sensitizers and nonsensitizers, but that more information and data were needed before definitive
conclusions on the usefulness and limitations of the LLNA: BrdU-ELISA could be made. The Panel
noted that the following information was needed before definitive recommendations could be made:
1) a detailed test method protocol; 2) individual animal data on a larger set of balanced reference
substances with respect to physicochemical properties and sensitization potency; and 3) an evaluation
of interlaboratory reproducibility. On May 20, 2008, ICCVAM posted a report of the Panel’s
recommendations® (see Appendix D2) on the NICEATM-ICCVAM website for public review and
comment (announced in 73 FR 29136”).

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

NICEATM subsequently obtained a detailed test method protocol and additional data and revised the
draft BRD to include this new information. The revised draft BRD included an accuracy evaluation
for the expanded database of individual animal results for 31 substances (22 sensitizers and nine
nonsensitizers, as classified by the traditional LLNA) as well as an evaluation of interlaboratory
reproducibility. Based on the analyses included in the revised draft BRD, ICCVAM prepared revised
draft test method recommendations for proposed test method uses and limitations, recommended test
method protocol, test method performance standards, and future studies for the LLNA: BrdU-ELISA.
ICCVAM released the revised draft documents to the public for comment on February 27, 2009, and
announced a second meeting of the Panel (74 FR 8974%). The Panel reconvened on April 27-28,
2009, to reassess the validation status of the LLNA: BrdU-ELISA (see Appendix D3). The Panel also
reviewed the completeness of the revised draft [ICCVAM BRD and the extent to which the
information therein supported the revised draft ICCVAM test method recommendations. On

June 1, 2009, ICCVAM posted the second report of the Panel’s recommendations’ (see

* Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7 25553 .pdf
http://iccvam.niehs.nih.gov
Available at http://iccvam.niehs.nih.gov/docs/immunotox_docs/LLNAPRPRept2008.pdf
Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR-E8-11195.pdf

Available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR-E9-4280.pdf

? Available at http://iccvam.niehs.nih.gov/docs/immunotox_docs/LLNAPRPRept2009.pdf
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Appendix D4) on the NICEATM-ICCVAM website for public review and comment (announced in
74 FR 26242'7).

ICCVAM provided SACATM with the revised draft BRD, the second Panel report, and all public
comments for discussion at their meeting on June 25-26, 2009, where public stakeholders were given
another opportunity to comment.

Based on the revised draft ICCVAM recommendations, NICEATM submitted a proposed draft
Organisation for Economic Co-operation and Development (OECD) Test Guideline (TG) for the
LLNA: BrdU-ELISA that was circulated in July 2009 to the 30 OECD member countries for review
and comment via their National Co-ordinators, who distributed the draft TG to interested
stakeholders. An OECD Expert Consultation meeting was held on October 20-22, 2009, to evaluate
the comments. Scientists from the National Institute of Environmental Health Sciences, the
Environmental Protection Agency, the Food and Drug Administration, and CPSC, as well as U.S. and
international experts from industry and other stakeholder organizations, participated in the meeting,
which was co-hosted by CPSC and NICEATM-ICCVAM. The expert group reviewed the draft
OECD TG for the LLNA: BrdU-ELISA, proposed responses to comments from member countries,
and evaluated additional LLNA: BrdU-ELISA results for substances tested and submitted to
NICEATM after the Panel evaluation. The expert group convened a subsequent teleconference on
December 1, 2009, to discuss outstanding issues identified at the October meeting. A revised TG was
again distributed to the 30 OECD member countries in December 2009 for review and comment by
national experts and interested stakeholders. A final teleconference of the Expert Consultation was
convened on January 29, 2010, to discuss the member country comments received during the last
round of review, and a final draft TG was developed based on these discussions. This final draft was
forwarded to the OECD Working Group of National Co-ordinators of the Test Guidelines Programme
to consider for adoption at their March 23-25, 2010, meeting.

ICCVAM and the IWG considered the SACATM comments, the Panel report, conclusions of the
OECD Expert Consultation, and all public comments before finalizing ICCVAM test method
recommendations for the LLNA: BrdU-ELISA. The recommendations (Section 2) and the final BRD
(Appendix C) are incorporated in this [CCVAM Test Method Evaluation Report. As required by the
ICCVAM Authorization Act (2000; Public Law 106-545, 42 United States Code 285/-3), ICCVAM
will forward its recommendations to U.S. Federal agencies for consideration. Federal agencies must
respond to ICCVAM within 180 days after receiving ICCVAM test method recommendations.
ICCVAM recommendations are available to the public on the NICEATM-ICCVAM website, and
agency responses also will be made available on the website as they are received.

1% Announced in 74 FR 26242 http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR-E9-12360.pdf



2.0 ICCVAM Recommendations for the Nonradioactive LLNA: BrdU-
ELISA Test Method

ICCVAM evaluated the validation status of the LLNA: BrdU-ELISA as a nonradioactive
modification of the traditional LLNA (ICCVAM 1999; Sailstad et al. 2001; Dean et al. 2001 Haneke
et al. 2001) to identify substances that may cause ACD for regulatory hazard classification and
labeling purposes. While the traditional LLNA assesses cellular proliferation by measuring the
incorporation of *H-methyl thymidine or '*’I-iododeoxyuridine into the DNA of dividing lymph node
cells, the LLNA: BrdU-ELISA assesses cellular proliferation by measuring the incorporation of the
thymidine analog BrdU using ELISA detection (see Appendix B). NICEATM and ICCVAM
prepared a comprehensive report on the data and information supporting the validity of this test
method, including its accuracy and reliability compared to the traditional LLNA (see Section 3.0 and
Appendix C).

2.1 ICCVAM Recommendations: Test Method Usefulness and Limitations

ICCVAM concludes that the accuracy and reliability of the LLNA: BrdU-ELISA supports the use of
the test method to identify substances as potential skin sensitizers and nonsensitizers. For the
validation database of 43 substances,'' the LLNA: BrdU-ELISA correctly identified all 32 LLNA
sensitizers (0% [0/32] false negatives), and nine of the 11 LLNA nonsensitizers (18% [2/11] false
positives). ICCVAM recommends that a stimulation index (SI) > 1.6 be used as the decision criterion
to identify substances as potential sensitizers. ICCVAM bases this recommendation on the fact that
no false negatives, relative to the traditional LLNA, result with the current validation database when
an SI > 1.6 is used.

A limitation of the LLNA: BrdU-ELISA is the potential for false positive results when borderline
positive responses between an SI of 1.6 and 1.9 are obtained (see Section 3.4). ICCVAM considers
the applicability domain for the LLNA: BrdU-ELISA to be the same as the traditional LLNA unless
there are properties associated with a class of materials that may interfere with the accuracy of the
LLNA: BrdU-ELISA. One exception would be nickel compounds where, unlike the traditional
LLNA, the LLNA: BrdU-ELISA can be used for testing nickel compounds based on its ability to
correctly identify them as potential sensitizers.

2.2 ICCVAM Recommendations: Test Method Protocol

ICCVAM recommends a LLNA: BrdU-ELISA test method protocol (Appendix B) that was based on
the protocol developed by Takeyoshi et al. (2001) and refined during an interlaboratory validation
study (Kojima et al. 2008). The ICCVAM-recommended LLNA: BrdU-ELISA protocol incorporates
all aspects of the [CCVAM-recommended LLNA test method protocol (Appendix A of ICCVAM
2009a), except for those procedures unique to the conduct of the LLNA: BrdU-ELISA. Key aspects
included in the ICCVAM-recommended protocol include the following:

e The high dose should be the maximum possible concentration (for liquids, solids, or
suspensions) that does not produce systemic toxicity and/or excessive local skin irritation.
The measurement of ear thickness is a potentially valuable adjunct for identifying local
skin irritation.

A minimum of four animals per dose group is recommended.

e Collection of individual animal data is recommended.

" For the accuracy analyses, results for substances tested multiple times were combined so that each substance
was represented by one result. In this case, the single result used for each substance represented the most
prevalent outcome. Multiple tests were available for 18 substances tested with the LLNA: BrdU-ELISA.



e Inclusion of a concurrent vehicle control and concurrent positive control in each study is
recommended.

Additionally, ICCVAM recommends there should be a measure of variability of the positive control
response over time. Laboratories should maintain a historical database of positive control SI values
such that results can be compared to the mean historical SI. There could be cause for concern when a
negative test substance result is accompanied by a concurrent positive control SI value significantly
lower than the mean historical SI.

In testing situations where dose-response information is not required, or negative results are
anticipated, [CCVAM recommends that the reduced LLNA: BrdU-ELISA should be considered and
used where determined appropriate. The reduced LLNA: BrdU-ELISA protocol uses only the high
dose (Kimber et al. 2006; ESAC 2007; ICCVAM 2009b), thus further reducing animal use by up to
40%.

2.3 ICCVAM Recommendations: Future Studies

ICCVAM recommends the following future studies to further characterize the usefulness and
limitations of the LLNA: BrdU-ELISA test method:

o Efforts should be made to identify additional human data and human experience for test
substances. These data may be used to further assess the usefulness and limitations of this
and other versions of the LLNA for identifying human sensitizing substances. Such
efforts might include post-marketing surveillance of consumers for allergic reactions and
occupational surveillance of potentially exposed workers.

e Additional substances that are nonsensitizing skin irritants should be tested to determine
the impact of such substances on the false positive rate of the LLNA: BrdU-ELISA.

e Efforts should be made to further characterize the sensitization potential of borderline
positive substances (those that produce an SI between 1.6 and 1.9) in the LLNA: BrdU-
ELISA to determine if such results might be false positives. This could include
evaluations of peptide reactivity, determination of molecular weight, identification of
results from related chemicals, human studies where ethically and scientifically justified,
review of occupational exposures and postmarketing experience or monitoring, or in vitro
testing data. All decision criteria should be reassessed as additional discriminators and
data become available.

24 ICCVAM Recommendations: Performance Standards

ICCVAM concludes that the ICCVAM-recommended performance standards (ICCVAM 2009a) for
the traditional LLNA can be used to evaluate any future modifications of the LLNA: BrdU-ELISA.
The ICCVAM-recommended performance standards for the traditional LLNA apply to the LLNA:
BrdU-ELISA because the test method is functionally and mechanistically similar to the traditional
LLNA. ICCVAM, in conjunction with ECVAM and JaCVAM, developed the internationally
harmonized test method performance standards for the traditional LLNA (ICCVAM 2009a) to
evaluate the performance of LLNA test methods that incorporate specific protocol modifications (e.g.,
procedures to measure lymphocyte proliferation) compared to the traditional LLNA. Thus, unique
performance standards for the LLNA: BrdU-ELISA are not proposed at this time.



3.0 Validation Status of the LLNA: BrdU-ELISA Test Method

The ICCVAM BRD for the LLNA: BrdU-ELISA test method (Appendix C) provides a
comprehensive review of the current validation status of the LLNA: BrdU-ELISA test method,
including its accuracy and reliability, the substances tested, the rationale for the standardized protocol
used for the validation studies, and all available data supporting its validity. This section provides a
brief description and summary of the validation status of the LLNA: BrdU-ELISA test method.

3.1 Test Method Description

Originally developed by Takeyoshi et al. (2001) and refined during an interlaboratory validation
study (Kojima et al. 2008), the purpose of the LLNA: BrdU-ELISA test method is to identify
potential skin sensitizers by quantifying lymphocyte proliferation. Like the traditional LLNA, the
magnitude of lymphocyte proliferation measured in the LLNA: BrdU-ELISA correlates with the
extent to which sensitization develops after a topical induction exposure to a potential skin-sensitizing
substance.

3.1.1 General Test Method Procedures

The test substance is administered topically on three consecutive days to the ears of mice at a
concentration that provides maximum solubility of the test substance without systemic toxicity and/or
excessive local irritation. Two days after the final application of the test substance, 10 mg/mL BrdU,
a thymidine analog, in 0.5 mL physiological saline is administered via intraperitoneal injection to
each mouse. Approximately 24 hours later, the draining auricular lymph nodes are excised, and a
single-cell suspension from the lymph nodes of each animal is prepared for quantifying the
incorporation of BrdU, which correlates with lymph node cell proliferation.

The incorporation of BrdU for each mouse is measured using an ELISA and is expressed in
absorbance units. The Sl is calculated as the ratio of the mean absorbance/mouse for each treatment
group against the mean absorbance/mouse for the vehicle control group. Substances producing an SI
greater than a specified threshold are considered to be sensitizers. Based on the accuracy evaluation
described in Section 3.4, the optimum accuracy was produced by SI > 1.6.

3.1.2 Similarities and Differences Between the Protocols for the Traditional LLNA
and the LLNA: BrdU-ELISA

The differences between the traditional LLNA (Dean et al. 2001; Sailstad et al. 2001; ICCVAM
1999) and the LLNA: BrdU-ELISA include the marker used to detect lymphocyte proliferation, the
route of administration of the marker, and time of lymph node excision. In the traditional LLNA, a
radioactive marker such as *H-methyl thymidine or '*I-iododeoxyuridine (in phosphate-buffered
saline; 250 uL/mouse) is administered via the tail vein. Then, five hours later, the draining auricular
lymph nodes are excised and prepared for quantifying the incorporation of radioactivity. As noted
above, in the LLNA: BrdU-ELISA, a BrdU solution is injected intraperitoneally to each mouse, and
the draining auricular lymph nodes are excised 24 hrs later. All other procedures for the two methods
are identical.

3.2 Validation Database

The current validation database for the LLNA: BrdU-ELISA includes results from studies of

43 substances that had previously been tested in the traditional LLNA. These results were obtained
from six published studies (Takeyoshi et al. 2003; 2004a; 2004b; 2005; 2006; 2007a), several
unpublished studies (Takeyoshi M, unpublished data), one platform presentation (Takeyoshi 2007b),
and one poster presentation (Kojima et al. 2008). The data from Takeyoshi et al. were generated in a



single laboratory while the data from Kojima et al. were generated in multiple laboratories during an
interlaboratory validation study. Data for 31 substances were available and reviewed by the
independent peer review panel in April 2009. Data for 12 additional substances and additional results
for four previously tested substances were submitted after the Panel review. ICCVAM and the OECD
Expert Consultation considered these additional data and the LLNA: BrdU-ELISA BRD was updated
to include the additional data.

The reference test data for the 43 substances were obtained from traditional LLNA tests. Of the

43 substances, 32 were classified by the traditional LLNA as skin sensitizers and 11 were classified as
nonsensitizers. GP skin sensitization data were available for 35 substances and human skin
sensitization test data or clinical case report information was available for 41 substances (see
Appendix C, Annex III-1).

Table 3-1 lists the 43 substances, uses, chemical classifications, traditional LLNA EC3 and
maximum stimulation index (SI) values, and LLNA: BrdU-ELISA EC1.6 and maximum SI values.
Nineteen chemical classes were represented by the substances tested in the LLNA: BrdU-ELISA;

11 substances were classified in more than one chemical class. The classes with the highest number of
substances were carboxylic acids (13 substances) and aldehydes (six substances). Of the 22 chemical
classes represented in the NICEATM LLNA database by at least five substances (thereby providing a
sufficiently large representation for further analyses), 20 classes had at least 60% of the traditional
LLNA results identified as positive. For this database of more than 600 substances, these classes were
identified as those most likely to be associated with skin sensitization. Fifteen of these classes were
also represented in the LLNA: BrdU-ELISA database (only amides, ethers, ketones, macromolecular
substances, and polycyclic compounds were not included). Among the chemical classes that have
been previously identified as common skin allergens (e.g., aldehydes, ketones, quinones, and
acrylates, [Gerberick et al. 2004]), only ketones were not included in the LLNA: BrdU-ELISA
database. Nevertheless, the Panel considered the database of substances tested in the LLNA: BrdU-
ELISA to be representative of a sufficient range of chemicals typically tested for skin sensitization
potential. The traditional LLNA EC3 values (i.e., estimated concentration needed to produce SI = 3)
for the 33 sensitizers ranged from 0.009% to 47.5%.

Physicochemical characteristics for the 43 substances are provided in Appendix C, Annex I1.
Molecular weights ranged from 30.03 to 388.29 g/mole. Twenty-five substances are liquids and
18 substances are solids. Log octanol: water partition coefficients, which were available for

41 substances, ranged from -3 to 3.88. Peptide reactivity, which was available for 22 substances,
ranged from high to minimal (Gerberick et al. 2007).



Table 3-1 Product Use and Chemical Classification, Traditional LLNA EC3 Values, LLNA: BrdU-ELISA EC1.6 Values, and
Maximum SI Values for 43 Tested Substances
Traditional LLNA: BrdU-
Substance Name Product Use' Chemical Class’ LLNA EC3 ELISA EC1.6
(Maximum SI)’ | (Maximum SI)°

5-Chloro-2-methyl-4- . . . Sulfur Compounds;

“sothaizolin-3-one" Cosmetics; Manufacturing; Pesticides Heterocyclic Compounds 0.009 (27.7) 0.065 (4.8)
p-Benzoquinone Manufacturing; Pesticides; Pharmaceuticals Quinones 0.010 (52.3) 0.150 (6.9)

Hydrocarbon, Halogenated;
2,4-Dinitrochlorobenzene” Manufacturing; Pesticides Nitro Compounds; 0.049 (43.9) 0.032 (18.8)
Hydrocarbons, Cyclic
Diphenylcyclopropenone Pharmaceuticals Hydrocarbons, Cyclic 0.050 (NA) 0.450 (19.1)
Glutaraldehyde Cosmetics; Disinfectant; Manufacturing; Aldehydes 0.083 (18.0) 0.115 (28.6)
Pesticides
4-Phenylenediamine’ Intermediate in chemlgal synthesis; Amines 0.11 (26.4) 0.285 (14.7)
Manufacturing
Formaldehyde Disinfectant; Manufacturing Aldehydes 0.50 (4.0) 0.163 (16.6)
Inorganic Chemical,
Cobalt chloride” Manufacturing; Pesticides Elements; Inorganic 0.66 (7.2) 0.316 (3.7)
Chemical, Metals

4-Methylaminophenol Manufacturing Amines; Phenols 0.8 (6.7) 1.081 (4.0)
sulfate

trans-Cinnamaldehyde Food additive; Fragrance agent Aldehydes 1.4 (13.1) 1.530(5.9)
Isoeugenol” Food additive; Fragrance agent Carboxylic Acids 1.5(31.0) 5.156 (8.4)
2-Mercaptobenzothiazole” Manufacturing; Pesticides Heterocyclic Compounds 1.7 (8.6) 12.097 (1.6)

Cosmetics; Food additive; Fragrance agent;
Cinnamic aldehyde Intermediate in chemical synthesis; Aldehydes 1.9 (18.4) 4.808 (4.0)
Personal care products; Pesticides
3-Aminophenol Cosmetics; Pharmaceuticals Amines; Phenols 3.2(5.7) 2.990 (3.1)




Traditional LLNA: BrdU-
Substance Name Product Use' Chemical Class® LLNA EC3 ELISA EC1.6
(Maximum SI)* | (Maximum SI)?
Diethyl maleate Food additive; Intermediate in chemical Carboxylic Acids 3.6 (22.6) 8.049 (6.3)
synthesis
Trimellitic anhydride Manufacturing Anhyd“dzsc;iciarboxyhc 4.7 (4.6) 0.862 (7.9)
Inorganic Chemicals,
Nickel sulfate Manufacturing Metals; Inorganic 4.8 (3.1) 1.027 (4.5)
Chemicals, Elements
4-Chloroaniline Intermediate in chemical synthesis; Amines 9.00 (3.3) 11.029 (2.5)
Manufacturing; Pesticides; Pharmaceuticals ) ) ) )
Cosmetics; Food additive; Manufacturing; Alcohols: Sulfur
Sodium lauryl sulfate” Personal care products; Pesticides; P 8.1 (8.9) 13.334 (2.6)
. Compounds; Lipids
Pharmaceuticals
Citral” Fragrance agent Hydrocarbons, Other 9.2 (20.5) 7.143 (16.4)
Hexyl cinnamic aldehyde” Food additive; Fragrance agent Aldehydes 9.7 (20.0) 12.920 (13.5)
Cosmetics; Food additive; Intermediate in
Eugenol’ chemical synthesis; Manufacturing; Carboxylic Acids 10.1 (17.0) 8.851 (17.7)
Personal care products; Pharmaceuticals
Phenyl benzoate” Manufacturing; Pesticides Carboxylic Acids 13.6 (11.1) 16.954 (3.4)
Cosmetics; Food additive; Fragrance agent;
Cinnamic alcohol” Intermediate in chemical synthesis; Alcohols 21.0(5.7) 24.091 (2.7)
Personal care products
Cyclamen aldehyde Food additive; Fragrance agent Aldehydes 22.3(5.2) 41.496 (5.7)
Hydroxycitronellal Food additive; Fragrance agent; Personal Hydrocarbons, Other 24.0 (8.5) 13.636 (4.8)
care products
Imidazolidinyl urca’ Cosmetics; Personal care products; Urea 24.0 (5.5) 49.545 (1.6)
Pesticides
Ethylene glycol . . .
dimethacrylate’ Manufacturing Carboxylic Acids 28.0(7.0) 31.751 (3.1)
Linalool Cosmetics; Food additive; Fragrance agent; |y 4o ons. Other 30.0 (8.3) 27.596 (4.7)

Personal care products; Pesticides




Traditional LLNA: BrdU-
Substance Name Product Use' Chemical Class® LLNA EC3 ELISA EC1.6
(Maximum SI)* | (Maximum SI)?
Ethyl acrylate Manufacturing Carboxylic Acids 32.8 (4.0) 33.333 (5.0)
. Cosmetics; Personal care products; ..
Isopropyl myristate Pharmaceuticals Lipids 44.0 (3.4) 9.404 (4.2)
. Food additive; Manufacturing; Personal .
Aniline care products; Pesticides; Pharmaceuticals Amines 47.5(4.4) 73596 (2.1)
2-Hydroxypropyl Intermediate in chemical synthesis; . .
methacrylate Manufacturing Carboxylic Acids NC (1.3) NC (1.1)
. Cosmetics; Manufacturing; Personal care . .

Diethyl phthalate products: Pesticides; Pharmaceuticals Carboxylic Acids NC (1.5) NC (0.9)
Dimethyl isophthalate Manufacturing; Fragrance agent Carboxylic Acids NC (1.0) NC (1.3)

Cosmetics; Food additive; Intermediate in

chemical synthesis; Manufacturing; )
Glycerol Personal care products; Pharmaceuticals: Alcohols; Carbohydrates NC (1.1) NC (1.3)
Solvent
Hexane Manufacturing; Solvent Hydrocarbons, Acyclic NC (2.2) 56.328 (1.9)
Cosmetics; Disinfectant; Food additive;
* Intermediate in chemical synthesis; 4
Isopropanol Manufacturing; Personal care products; Alcohols NC (.7 3-344(2.2)
Pharmaceuticals; Solvent
Lactic acid’ Food additive; Manufacturing; Carboxylic Acids NC (2.2) 15.177 (2.5)
Pharmaceuticals

Cosmetics; Food additive; Fragrance agent;

Methyl salicylate” Personal care products; Pharmaceuticals; Carboxylic Acids NC (2.9) NC (1.4)
Solvent
Salicylic acid’ Food additive; Manufacturing; Phenols; Carboxylic Acids NC (2.5) NC (1.3)
Pharmaceuticals
Sulfanilamide Pharmaceuticals Hydrocarbons, Cyclic; NC (1.0) NC (1.3)
Sulfur Compounds

Cosmetics; Food additive; Intermediate in

Propylene glycol chemical synthesis; Personal care products; Alcohols NC (1.6) NC (1.6)

Pharmaceuticals; Solvent




Abbreviations: EC3 = estimated concentration (expressed as percentage) needed to produce SI = 3; EC1.6 = estimated concentration (expressed as percentage)
needed to produce SI = 1.6; LLNA = murine local lymph node assay; LLNA: BrdU-ELISA= local lymph node assay with enzyme-linked immunosorbent
assay detection of bromodeoxyuridine; NA = not available; NC = not calculated since maximum SI < 3.0 for the traditional LLNA or maximum SI < 1.6 for
the LLNA: BrdU-ELISA; SI = stimulation index.

* Reference substance from ICCVAM (2009a).

Information gathered from the following databases:

Hazardous Substances Database (http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB)
Haz-Map (http://hazmap.nlm.nih.gov/)

Household Products Database (http://hpd.nlm.nih.gov/index.htm)

International Programme on Chemical Safety INCHEM database (http://www.inchem.org/)
National Toxicology Program (http://ntp.niehs.nih.gov:8080/index.html?col=010stat).

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).

Mean EC3 (expressed as percent concentration) and maximum SI values are from the NICEATM database of traditional LLNA studies. EC1.6 and SI values
for individual LLNA: BrdU-ELISA tests are provided in Annex IV of the BRD (Appendix C).

Highest SI of seven tests. Because the majority (five) of the seven tests, had SI values < 1.6, isopropanol is considered to be a nonsensitizer in the LLNA:
BrdU-ELISA.



3.3 Reference Test Method Data

Thirty-five of the 43 substances that were tested in the traditional LLNA were considered in the
original evaluation of the LLNA by ICCVAM (ICCVAM 1999). The traditional LLNA reference data
used for the accuracy evaluation were obtained from ICCVAM (1999) for 33 of these substances.
Data for two substances which were negative in the original LLNA evaluation (ICCVAM 1999),
aniline and nickel sulfate, were obtained from more recent sources that tested higher concentrations
and obtained positive results. The traditional LLNA data for the remaining eight substances that were
not considered in the original ICCVAM evaluation were obtained from the scientific literature. The
reference data for GP tests (GPMT or Buehler test) and human tests (human maximization test,
human patch test allergen, or other human data) were also obtained from the original LLNA
evaluation (ICCVAM 1999) and the scientific literature. The LLNA, GP, and human reference data
and sources for the 43 substances evaluated are provided in Annex III of the BRD (Appendix C).

3.4 Test Method Accuracy

The ICCVAM evaluation of the LLNA: BrdU-ELISA included an assessment of multiple decision
criteria including SI > 2.0, the threshold for distinguishing sensitizers and nonsensitizers that was
used in the protocol for the interlaboratory validation study (Kojima et al. 2008) (Table 3-2). When
the optimal decision criterion of SI > 1.6 was used to identify sensitizers vs. nonsensitizers, compared
to the traditional LLNA, accuracy was 95% (41/43), with a false positive rate of 18% (2/11) and a
false negative rate of 0% (0/32). The two false positive substances, hexane (SI = 1.76 and 1.89) and
lactic acid (SI=1.80, 1.89, and 2.53), produced SI values between 1.6 and 1.9 in the LLNA: BrdU-
ELISA. Other available information such as dose-response, evidence of systemic toxicity or excessive
local irritation, and (where appropriate) statistical significance together with SI values should be
considered to confirm that such borderline results are potential skin sensitizers. Consideration should
also be given to various properties of the test substance, including whether it is structurally similar to
known skin sensitizers. For example, peptide reactivity (Gerberick et al. 2007) could be used to
interpret LLNA: BrdU-ELISA results when borderline positive results (e.g., SI values between 1.6
and 1.9) are produced to confirm that such results are not false positive. Both of the LLNA
nonsensitizers with positive results in the LLNA: BrdU-ELISA, lactic acid and hexane, had minimal
peptide reactivity. No unique characteristics were identified that could be used as rationale for
excluding any particular types of substances from testing in the LLNA: BrdU-ELISA.

An evaluation to determine the robustness of the optimum SI > 1.6 criterion indicated that the SI was
quite stable. Taking different samples of the data as training and validation sets had relatively little
impact on the cutoff SI criteria or on the resulting number of false positives or false negatives
(Appendix C, Annex VII).

Figure 3-1 shows that SI values for the LLNA: BrdU-ELISA are generally lower than those for the
traditional LLNA at comparable test doses. SI values for substances with more than one test result are
represented by the geometric mean with bars to show the overall range of individual study results
used to calculate the geometric mean. The purpose of showing the geometric mean and associated
ranges is to provide an assessment of variability among results, and the relative sensitivity of the
traditional LLNA and LLNA: BrdU-ELISA results. However, the accuracy analyses reported in the
BRD are based on individual test results and not on a geometric mean. The SI values for Figure 3-1
are provided in Table 3-3.



Table 3-2 Performance of the LLNA: BrdU-ELISA for 43 Substances in Predicting Skin Sensitizing Potential Using Alternative
Decision Criteria to Identify Sensitizers

oo | Aoomy | seniviy | speitcy | Fobpive | TabeNeomie | boume | Newmbe
Criterion % (No.") % (No. " % (No. " % (No. " % (No. " % (No. " % (No. "

Statistics” 91 | (39/43)| 97 | 3132)| 73 (8/11) 27 | 31D 3 (1/32) 91 | (31/34) | 89 (8/9)

>95% CI’ 88 | (38/43) | 100 | (32/32)| 54 (6/11) 46 | (5/11) 0 (0/32) 86 | 3237)| 100 (6/6)
>2 SD* 91 | (39/43) | 100 | (32/32)| 64 (7/11) 36 | (@11 0 (0/32) 89 | (32736) | 100 (7/7)
>3 SD’ 91 | 39/43)| 91 | (2932)| 91 | (10/11) 9 (1/11) 9 (3/32) 97 | (2930) | 77 | (10/13)
SI>5.0 49 | (21/43)| 31 | (10/32) | 100 | (11/11) 0 (0/11) | 69 | (22/32) | 100 | (10/10) | 33 | (11/33)
SI>4.5 58 | (25/43) | 44 | (14/32) | 100 | (11/11) 0 (0/11) | 56 | (18/32) | 100 | (14/14) | 38 | (11/29)
SI>4.0 63 | (27/43) | 50 | (16/32) | 100 | (11/11) 0 (0/11) | 50 | (16/32) | 100 | (16/16) | 41 | (11/27)
SI>3.5 74 | 32/43) | 66 | (21/32)| 100 | (11/11) 0 (0/11) 34 | (11/32) | 100 | 2121)] 50 | (11/22)
SI>3.0 84 | 36/43) | 78 | (25/32)| 100 | (11/11) 0 (o/11) | 22 (732) | 100 | 25/25)| 61 | (11/18)
SI>2.5 93 | (40/43) | 91 | (2932) | 100 | (11/11) 0 (0/11) 9 (3/32) | 100 | 2929)| 79 | (11/14)
SI>2.0 95 | (41/43)| 94 | (30/32)| 100 | (11/11) 0 (0/11) 6 (2/32) | 100 | 3030)| 85 | (11/13)
SI>1.9 95 | (41/43)| 94 | (30/32)| 100 | (11/11) 0 (0/11) 6 (2/32) | 100 | 3030)| 85 | (11/13)
SI> 1.6 95 | (41/43)| 100 | (32/32)| 82 (9/11) 18 | (2/11) 0 (0/32) 94 | (30/32) | 100 (9/9)
SI>1.5 95 | (41/43)| 100 | (32/32)| 82 (9/11) 18 | (2/11) 0 (0/32) 94 | (30/32) | 100 (9/9)
SI>1.3 93 | (40/43)| 100 | (32/32)| 73 (8/11) 27 | @11 0 (0/32) 91 | (32/35)| 100 (8/8)

Abbreviations: CI = confidence interval; LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent assay detection of
bromodeoxyuridine (BrdU); No. = number; SD = standard deviation; SI = stimulation index

' The proportion on which the percentage calculation is based.




2 Analysis of variance for difference of group means when substances were tested at multiple doses or ¢-test when substances were tested at one dose. The
absorbance data were log-transformed prior to analysis of variance. Significance at p < 0.05 was further tested by Dunnett’s test.

The mean absorbance of at least one treatment group was outside the 95% confidence interval for the mean absorbance of the vehicle control group.
The mean absorbance of at least one treatment group was greater than 3 SD from the mean absorbance of the vehicle control group.

The mean absorbance of at least one treatment group was greater than 2 SD from the mean absorbance of the vehicle control group.



Figure 3-1 Comparison of LLNA: BrdU-ELISA Stimulation Index with Traditional
LLNA Stimulation Index'
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Abbreviations: CMI = 5-chloro-2-methyl-4-isothiazoline-3-one solution; DPCP = diphenylcyclopropanone;
DNCB = 2,4-dinitrochlorobenzene; EGDA = ethylene glycol dimethacrylate; False + = false positive
results in the LLNA: BrdU-ELISA (based on most prevalent result for substances with multiple tests)
were in the SI range between 1.6 and 1.9; HCA = hexyl cinnamic aldehyde; HPMA = 2-hydroxypropyl
methacrylate; LLNA = murine local lymph node assay; LLNA: BrdU-ELISA = murine local lymph node
assay with enzyme-linked immunosorbent assay detection of bromodeoxyuridine; MAPS = 4-methyl
aminophenol sulfate; MBT = 2-mercaptobenzothiazole; Ni = nickel; SI = stimulation index.

LLNA: BrdU-ELISA and traditional LLNA responses at comparable test doses are shown. Symbols
show the SI for substances with one test result or geometric mean maximum SI for substances with more
than one test result. Table 3-3 shows the individual values used. Bars show the range of values reported
for multiple test results (heavy bars for LLNA: BrdU-ELISA and light bars for traditional LLNA).
Numbers in parentheses beside the chemical names show the number of SI values for the LLNA: BrdU-
ELISA and then the number of SI values for the traditional LLNA used in this figure. The number of SI
values used in the figure may be different from the total number of SI values available since only
comparable test doses and vehicles were used in this figure. The accuracy analyses used individual test
results rather than geometric mean SI values. Using individual test results, traditional LLNA
nonsensitizers with maximum SI between 1.6 and 1.9 include hexane and lactic acid.

* The LLNA: BrdU-ELISA SI for diethyl phthalate is outside of the displayed data range and is not shown
(SI<1).



Table 3-3

Compared to the Traditional LLNA

Maximum SI Values of 43 Substances Evaluated in the LLNA: BrdU-ELISA

Substance Name'

Test
Vehicle?

LLNA: BrdU-ELISA
Maximum SI Values®

Traditional LLNA
Maximum SI Values

Sensitizers (LLNA:

BrdU-ELISA SI > 1.6 and Traditional LLNA SI > 3.0)

Benzoquinone (1,1) AOO 6.94 52.30
1,4-Phenylenediamine (1,3) AOO 14.70 23.30, 37.40, 75.30
8‘,1;})‘enylcy°1°pr°pen°ne AOO/ACE 19.10 31.70
2.,4-Dinitrochlorobenzene AOO 3.68, 4.50, 5.29, 6.26, 23.00, 24.00, 26.80,
(7,5) 6.53, 12.30, 18.80 36.70, 49.60
CMI (1,1) DMF 4.83 22.70
Diethyl maleate (1,1) AOO 6.27 22.60
Glutaraldehyde (3,1) ACE 2.25,3.72,28.60 18.00
10.00, 11.60, 11.60,
2.72,2.87,3.02, 3.27, 13.40, 14.00, 14.00,
HCA (11,14) AOO 3.34, 3.40, 3.60, 3.64, 14.10, 14.50, 16.00,
3.84,5.90, 13.50 17.00, 17.00, 17.00,
17.60, 20.00
trans-Cinnamaldehyde (4,1) AOO 3.37,3.50,4.11, 5.86 13.10
Cinnamic aldehyde (1,3) AOO 3.97 7.60, 15.80, 18.40
4.01, 6.10, 9.30, 9.60,
3.05,3.17, 3.18, 7.09, 10.20, 12.40, 14.10,
Eugenol (6,12) AOCO 12.30, 17.70 16.00, 16.10, 16.10,
17.00, 70.30
4.10, 4.90, 5.00, 5.60,
6.70, 6.80, 7.20, 7.20,
7.50, 7.50, 7.60, 8.70,
10.00, 11.00, 11.10,
11.80, 12.40, 13.80,
Isoeugenol (4,36) AOO 2.36, 2.43, 7.20, 8.36 13.10, 13.10, 13.10,
14.10, 14.70, 14.70,
15.30, 17.00, 18.40,
19.00, 23.20, 19.20,
19.30, 23.20, 23.60,
24.40, 29.80, 31.00
MBT (1,5) DMF 162 4.60, 9.1(1)’7‘91'(5)0’ 10.80,
Citral (1,4) AOO 16.40 4.70, 6.20, 9.30, 20.50
Hydroxycitronellal (2,1) AOO 1.34,4.78 8.50
Linalool (2,1) AOO 1.45, 4.65 8.30
Cobalt chloride (1,1) DMSO 3.68 7.21
EGDA (1,1) MEK 3.11 7.00
MAPS (1,1) DMF 3.98 6.70
Phenyl benzoate (1,2) DMF/AOO 3.37 3.50,11.10
3-Aminophenol (1,1) AOO 3.06 5.70

continued




Table 3-3

Compared to the Traditional LLNA (continued)

Maximum SI Values of 43 Substances Evaluated in the LLNA: BrdU-ELISA

Substance Name'

Test
Vehicle?

LLNA: BrdU-ELISA
Maximum SI Values®

Traditional LLNA
Maximum SI Values

Sensitizers (LLNA:

BrdU-ELISA SI > 1.6 and Traditional LLNA SI > 3.0)

Imidazolidinyl urea (1,1) DMF 1.61 5.50
Cyclamen aldehyde (1,1) AOO 1.97,5.71 5.16
Trimellitic anhydride (1,1) AOO 7.85 4.60

. 1.60, 2.60, 4.10, 5.10,
Sodium lauryl sulfate (1,7) DMF 2.64 5.10, 5.40, 8.90
Formaldehyde (3, 1) ACE 1.97, 4.40, 16.60 4.00
Ethyl acrylate (1,1) AOO 4.95 3.98
Cinnamic alcohol (1,1) AOO 2.74 3.90
Isopropyl myristate (1,1) AOO 4.19 3.40
Ni sulfate (3,1) DMSO 2.58,2.66,4.53 3.10
Aniline (1,2) AOO 2.07 1.70, 3.30
4-Chloroaniline (1,4) AOO 2.53 1.80, 1.80, 2.50, 3.30

Traditional LLNA Nonsensitizers (SI <3.0)

with Borderline Positive SI Values in LLNA: BrdU-ELISA (1.6 < SI

< 1.9; see bold text)

Hexane (1,1)

AOO

1.38,1.89

2.20

Lactic acid (3,1)

DMSO

1.80, 1.89, 2.53

2.20

Nonsensitizers (LLNA: BrdU-ELISA SI < 1.6 and Traditional LLNA SI < 3.0)

Salicylic acid (1,1) AOO 1.26 2.50
. 0.90, 1.10, 1.72, 1.90,
Methyl salicylate (3,7) AOO 1.40, 1.44, 1.44 2,10, 2.30, 2.90
0.94,0.98, 1.01, 1.57,
Isopropanol (6,1) AOO 2.04,2.22 1.70
Propylene glycol (2,1) AOO/Water 0.87,1.57 1.60
Diethyl phthalate (1,1) AOO 0.88 1.50
HPMA (1,1) AOO 1.13 1.30
Glycerol (1,1) Water/DMF 1.29 1.10
Dimethyl isophthalate (1,1) AOO 1.26 1.00
Sulfanilamide (1,1) DMF 1.26 1.00

Abbreviations: ACE = acetone; AOO = acetone: olive oil (4:1); CMI = 5-Chloro-2-methyl-4-isothiazoline-
3-one solution; DMF = N, N-dimethylformamide; DMSO = dimethy] sulfoxide; EGDA = ethylene glycol
dimethacrylate; HCA = hexyl cinnamic aldehyde; HPMA = 2-hydroxypropyl methacrylate;

LLNA = murine local lymph node assay; LLNA: BrdU-ELISA = murine local lymph node assay with
enzyme-linked immunosorbent assay detection of bromodeoxyuridine; MAPS = 4-methyl aminophenol
sulfate; MBT = 2-mercaptobenzothiazole; Ni sulfate = nickel (I) sulfate hexahydrate; SI = stimulation

index.

Numbers in parentheses beside the substance names indicate the number of tests for the LLNA: BrdU-

ELISA followed by the traditional LLNA, which may differ from the total number of tests available since
only the most comparable test doses and vehicles were included.

The vehicle used was the same in LLNA: BrdU-ELISA and traditional LLNA tests, except where

indicated (e.g., vehicle used in the LLNA: BrdU-ELISA/vehicle used in the traditional LLNA).




* The bold text indicates SI values having potential false positive results (1.6 < SI < 1.9) for individual
LLNA: BrdU-ELISA tests

3.5 Test Method Reliability (Intra- and Interlaboratory Reproducibility)

The BRD details the evaluation of intra- and interlaboratory reproducibility of the LLNA: BrdU-
ELISA test method. Intralaboratory reproducibility was assessed using a concordance analysis of
sensitizer/nonsensitizer results, and a coefficient of variation (CV) analysis of SI values and
EC1.6 values (estimated concentration needed to produce an SI of 1.6). The qualitative analysis
shows that multiple tests of 12 substances (10 LLNA sensitizers and two nonsensitizers) yielded
100% concordance for sensitizer/nonsensitizer outcomes for 83% (10/12) of the substances. The
concordant results for one nonsensitizer, hexane, however, were incorrectly positive for both tests
(2/2 tests had SI > 1.6). In the quantitative analyses, the CVs for the SI values of 13
substance/concentration combinations that were tested up to five times each ranged from 1% to
80%. In addition, the CVs for the EC1.6 values of four substances that were tested up to five
times at multiple doses ranged from 37% to 118%.

When using SI > 1.6 as the threshold to distinguish sensitizers from nonsensitizers, the qualitative
interlaboratory reproducibility analysis of 10 substances (seven sensitizers and three
nonsensitizers) that were tested in three to seven laboratories indicated 100% agreement (3/3, 6/6,
or 7/7) among the laboratories for nine substances (seven sensitizers and two nonsensitizers).
However, one of the nonsensitizers, lactic acid, for which there was 100% agreement among the
laboratories, was a false positive (i.e., 3/3 laboratories had SI > 1.6). There was 67% (4/6)
agreement among the tests for the remaining nonsensitizer. Interlaboratory CVs for the EC1.6
values of the seven sensitizers ranged from 31% to 93%.

When using SI > 1.6 to classify sensitizers, the concordance analysis for the 18 substances with
multiple tests indicated that the SI results for 85% (11/13) of the sensitizers (based on traditional
LLNA results) were 100% concordant (i.e., all tests yielded SI > 1.6) (Table 3-4). The SI results
for the remaining two sensitizers included one test with SI < 1.6 and another test with SI > 1.6.
The SI results for 60% (3/5) of the nonsensitizers were 100% concordant. All tests for two of the
three nonsensitizers yielded SI < 1.6. All tests for the third nonsensitizer yielded SI values
between 1.6 and 1.9, the narrow region in which false positive results occurred. The concordance
for the other two nonsensitizers was 71% (5/7) for SI < 1.6 and 67% (2/3) for SI values between
1.6 and 1.9.

Table 3-4 Concordance of LLNA: BrdU-ELISA Tests across Maximum SI Categories

LLNA: BrdU- LLNA: BrdU-ELISA Sensitizers
ELISA (Maximum SI > 1.6)
Substance Nonsensitizers . . Total
. 1.6 < Maximum SI Maximum Tests
(Maximum <1.9! SI> 1.9

SI<1.6" ) =
Sensitizers”
Cyclamen aldehyde 0 (0%) 0 (0%) 0 (100%) 2
2,4-Dinitrochloro- o o o
benzene 0 (0%) 0 (0%) 9 (100%) 9
E;Egﬁ‘;ylcyd"pm' 0 (0%) 0 (0%) 3 (100%) 3
Eugenol 0 (0%) 0 (0%) 9 (100%) 9
Formaldehyde 0 (0%) 0 (0%) 3 (100%) 3
Glutaraldehyde 0 (0%) 0 (0%) 5 (100%) 5

continued




Table 3-4 Concordance of LLNA: BrdU-ELISA Tests across Maximum SI Categories

(continued)
LLNA: BrdU- LLNA: BrdU-ELISA Sensitizers
ELISA Maximum SI > 1.6
Substance Nonsensitizers ( . ). Total
(Maximum 1.6 < Maxn{mm SI Max1mu11n Tests
SI < 1.6") <19 SI>1.9
Sensitizers’
gzzi;fl‘emamw 0 (0%) 0 (0%) 12 (100%) 12
Hydroxycitronellal 1 (50%) 0 (0%) 1 (50%) 2
Isoeugenol 0 (0%) 0 (0%) 3 (100%) 3
Linalool 1 (50%) 0 (0%) 1 (50%) 2
Nickel sulfate 0 (0%) 0 (0%) 3 (100%) 3
1,4-Phenylenediamine 0 (0%) 0 (0%) 2 (100%) 2
trans-Cinnamaldehyde 0 (0%) 0 (0%) 4 (100%) 4
Nonsensitizers*
Hexane 0 (0%) 2 (100%) 0 (%) 2
Isopropanol 5(71%) 0 (0%) 2 (29%) 7
Lactic acid 0 (0%) 2 (67%) 1 (33%) 3
Methyl salicylate 3 (100%) 0 (0%) 0 (0%) 3
Propylene glycol 3 (100%) 0 (0%) 0 (0%) 3

Abbreviations: LLNA: BrdU-ELISA = murine local lymph node assay with enzyme-linked immunosorbent
assay detection of bromodeoxyuridine; SI = stimulation index.

! Numbers shown reflect number of tests. Percentage in parentheses reflects percentage of the total number
of tests for each substance.

* According to traditional murine local lymph node assay results.

3.6 Animal Welfare Considerations: Reduction, Refinement, and Replacement

The LLNA: BrdU-ELISA will use the same number of animals as the updated ICCVAM-
recommended traditional LLNA protocol (Appendix A of ICCVAM 2009a). However, since use
of the traditional LLNA is restricted in some countries and institutions because of limitations on
handling radioactivity, availability and use of the nonradioactive LLNA: BrdU-ELISA 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 that occur in the GP tests when
substances cause ACD. Additionally, the LLNA: BrdU-ELISA test method protocol requires
fewer mice per treatment group (a minimum of four animals/group) than either of the GP tests
(10-20 animals/group for the Buehler test and 5-10 animals/group for the GPMT).




4.0 ICCVAM Consideration of Independent Peer Review Panel
Report and Other Comments

The ICCVAM evaluation process incorporates a high level of scientific peer review and
transparency. The evaluation process for the LLNA: BrdU-ELISA included two public review
meetings by an independent scientific peer review panel, multiple opportunities for public
comments (see Section 1.0), consideration of the OECD Expert Consultation on the LLNA, and
comments from the SACATM. ICCVAM and the IWG considered the Panel report, conclusions
of the OECD Expert Consultation, the SACATM comments, and all public comments before
finalizing the ICCVAM Test Method Evaluation Report and final BRD for the LLNA: BrdU-
ELISA. This chapter summarizes the ICCVAM consideration of these reports and comments. The
peer review panel reports and public comments are provided as Appendices D and E,
respectively. The report of the OECD Expert Consultation on the LLNA is not publicly available.

4.1 ICCVAM Consideration of Independent Peer Review Panel Report and
OECD Comments

4.1.1 Comments on Revised Draft ICCVAM Recommendations: Test Method
Usefulness and Limitations

The Panel agreed that the available data and test method performance supported the use of the
LLNA: BrdU-ELISA to identify substances as potential sensitizers and nonsensitizers, with
certain limitations. The Panel noted that the accuracy analysis they reviewed supported using two
decision criteria (i.e., one to identify sensitizers and one to identify nonsensitizers). The Panel
emphasized that the decision criteria were empirically derived from the data and produced the
best combination of maximum accuracy coupled with the minimum number of results in the
range of uncertainty (i.e., the range in which maximum SI results were between the decision
criteria for sensitizers and nonsensitizers). Since using two decision criteria allows for a more
definitive identification of sensitizers and nonsensitizers, this approach 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. In addition, one can use statistical analysis and/or
other data and information (e.g., peptide reactivity, quantitative structure-activity relationships,
skin penetration information) to provide more information on compounds that fall in the range of
uncertainty. However, the Panel questioned how results in the range of uncertainty would be
useful for regulatory purposes and emphasized that additional guidance would be needed on how
to classify substances with SI values in the range of uncertainty.

The OECD LLNA Expert Consultation viewed that despite certain limitations, the LLNA: BrdU-
ELISA is useful as a modified LLNA test method that has the potential to reduce the number of
animals required and refine the way in which animals are used for ACD testing. The experts
reviewed LLNA: BrdU-ELISA results for 12 additional substances and four substances
previously tested that were received by NICEATM after the Panel meeting. Like the Panel,
OECD member country experts questioned the regulatory utility of the LLNA: BrdU-ELISA
since specific guidance on how to classify substances with SI values in the range of uncertainty
had not been developed. Therefore, they recommended instead that a single decision criterion (as
was originally proposed by ICCVAM and reviewed by the Panel in 2008) would be more useful
to identify substances as potential sensitizers. They agreed with ICCVAM that SI > 1.6 provided
the optimal test method performance by preventing false negative results. They also agreed with
ICCVAM that users may want to consider additional information such as dose-response, evidence
of systemic toxicity and/or excessive local skin irritation, and where appropriate, statistical



significance together with SI values to confirm borderline positive results (i.e., SI between 1.6
and 1.9) as potential skin sensitizers.

ICCVAM considered the Panel report and the OECD Expert Consultation recommendations, and
concluded that the single SI decision criterion of SI > 1.6 to classify sensitizers would avoid false
negative results as well as indeterminate results, which are not useful for regulatory purposes.
Borderline results that may occur between 1.6 and 1.9 could be evaluated using other information
to confirm the result.

4.1.2 Comments on Revised Draft ICCVAM Recommendations: Test Method
Protocol

The Panel concurred with [CCVAM that the validation studies indicated that the standardized
protocol was sufficiently transferable and reproducible. The Panel agreed that laboratories should
maintain a historical database of positive control SI values and some measure of variability over
time. The evaluation of the variation in positive control responses over time has wide
applicability to a broad range of test systems.

The Panel agreed with the ICCVAM-recommended protocol, which indicated that all existing
toxicological information (e.g., acute toxicity and dermal irritation) and structural and
physicochemical information on the test substance of interest (and/or structurally related test
substances) should be considered, where available, in selecting three consecutive doses. The
OECD Expert Consultation also agreed and emphasized that the highest dose should be the
concentration that maximizes exposure while avoiding systemic toxicity and/or excessive local
skin irritation after topical application in the mouse. In the absence of such information, and
consistent with the updated ICCVAM recommended protocol, a prescreen test should be
performed in order to define the appropriate dose level to test in the LLNA: BrdU-ELISA. The
Panel and the OECD Expert Consultation agreed in principle with ICCVAM that use of a reduced
LLNA: BrdU-ELISA test method protocol instead of the multidose LLNA: BrdU-ELISA test
method protocol has the potential to reduce the number of animals used in a test by omitting the
middle and low dose groups. However, some members of the OECD Expert Consultation
speculated that the reduced LLNA would have limited regulatory use and therefore the extent of
potential animal savings is difficult to estimate.

4.1.3 Comments on the Revised Draft ICCVAM Recommendations: Future
Studies

The Panel concurred with ICCVAM’s revised draft recommendations for future studies,
emphasizing that additional decision criteria and guidance should be identified for substances that
produce SI values in the range of uncertainty, and that the additional decision criteria should be
reassessed as additional discriminators and data become available (e.g., high-quality human ACD
data). While the range of uncertainty is eliminated when using the single decision criterion of
SI> 1.6, the OECD Expert Consultation recommended that borderline positive results (i.e., SI
values between 1.6 and 1.9) be further evaluated to determine if they are correctly identified as
potential skin sensitizers.

The Panel recommended further consideration of statistical issues, including how to determine
and evaluate classification methods (i.e., classification cutoff points). The Panel also
recommended that future interlaboratory validation studies should simultaneously evaluate
intralaboratory reproducibility, using appropriate statistics, to evaluate variation both within a
laboratory and between laboratories.

ICCVAM considered the Panel report and the OECD Expert Consultation recommendations and
concluded that efforts should be made to further characterize the sensitization potential of



borderline positive substances that produce an SI between 1.6 and 1.9 in the LLNA: BrdU-ELISA
to confirm that such results are not false positive.

4.1.4 Comments on Revised Draft ICCVAM Recommendations: Performance
Standards

The Panel agreed that the ICCVAM-recommended LLNA performance standards state the
essential test method requirements, and the LLNA: BrdU-ELISA adheres to them such that it
should be considered mechanistically and functionally similar. The only variation with the
traditional LLNA is the means by which lymphocyte proliferation during the induction phase is
evaluated. Likewise, the OECD Expert Consultation also considered the LLNA: BrdU-ELISA to
be mechanistically and functionally similar to the LLNA, and therefore agreed that the LLNA
performance standards are applicable.

4.2 ICCVAM Consideration of Public and SACATM Comments

The ICCVAM evaluation process incorporates a high level of transparency. This process is
designed to provide numerous opportunities for stakeholder involvement, including submitting
written public comments and providing oral comments at ICCVAM independent peer review
panel meetings and SACATM meetings. Table 4-1 lists the 12 different opportunities for public
comment that were provided during the ICCVAM evaluation of the validation status of new
versions and applications of the LLNA. The number of public comments received in response to
each of the opportunities is also indicated. A total of 49 comments were submitted. Comments
received in response to or related to the FR notices are available on the NICEATM-ICCVAM
website.'? The following sections, delineated by FR notice, briefly discuss the public comments
received.

Table 4-1 Opportunities for Public Comments
Number of Public
Opportunities for Public Comments Date Comments
Received
72 FR 27815: The Murine Local Lymph Node Assay:
Request for Comments, Nominations of Scientific Experts, May 17, 2007 17
and Submission of Data
72 FR 52130: Draft Performance Standards for the Murine
Local Lymph Node Assay: Request for Comments September 12, 2007 4
73 FR 1360: Announcement of an Independent Scientific
Peer Review Panel Meeting on the Murine Local Lymph
Node Assay; Availability of Draft Background Review January 8, 2008 7
Documents; Request for Comments
Independent Scientific Peer Review Panel Meeting Assessing
the Allergic Contact Dermatitis Potential of Chemicals and
Products: Validation Status of New Versions and March 4-6, 2008 16
Applications of the Murine Local Lymph Node Assay
73 FR 25754: Meeting of the Scientific Advisory Committee Mav 7. 2008 1
on Alternative Toxicological Methods (SACATM) Y7
continued

12 Available at http://ntp-apps.niehs.nih.gov/iccvampb/searchPubCom.cfm




Table 4-1

Opportunities for Public Comment (continued)

Opportunities for Public Comments

Date

Number of Public
Comments
Received

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

May 20, 2008

SACATM Meeting, Radisson Hotel, RTP, NC

June 18-19, 2008

74 FR 8974: Announcement of a Second Meeting of the
Independent Scientific Peer Review Panel on the Murine
Local Lymph Node Assay; Availability of Draft Background
Review Documents (BRD); Request for Comments

February 27, 2009
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4.2.1

Public Comments in Response to 72 FR 27815 (May 17, 2007): The Murine

Local Lymph Node Assay: Request for Comments, Nominations of Scientific

Experts, and Submission of Data
NICEATM requested the following:

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

validation status of

a. The LLNA as a stand-alone assay for determining potency (including severity)

for the purpose of hazard classification

b. The reduced LLNA approach (Kimber et al. 2006; ESAC 2007; ICCVAM

2009b)
c. Nonradioactive LLNA methods

d. The use of the LLNA for testing mixtures, aqueous solutions, and metals

e. The current applicability domain

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

panel

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

In response to this FR notice, NICEATM received 17 comments. Six comments included
additional data and information, while two others offered data and information upon request.




Three commenters nominated four potential panelists for consideration. Three commenters
suggested reference publications for consideration during the Panel evaluation. The nominees
were included in the database of experts from which the Panel was selected. The data and
suggested references were included in the draft ICCVAM review documents that were provided
to the Panel at the March 2008 meeting.

1. A commenter suggested rearranging the priority sequence of test method evaluation
from most to least pressing: a, e, d, b, and ¢ (see list above).

e [CCVAM did not establish a relative priority for these activities because they were
all considered to be high-priority activities. Accordingly, all LLNA-related activities
described above were discussed at the March 2008 Panel meeting.

One comment pertained to the LLNA: BrdU-ELISA.

1. One commenter indicated that several nonradioactive detection methods for the
LLNA (e.g., BrdU incorporation, methods measuring the release of various
cytokines, methods using fluorescent markers, and quantification by flow cytometry)
have been developed and shown to be as sensitive as protocols involving
radiolabeling. The commenter indicated that since both ECVAM and JaCVAM were
reviewing some of these types of nonradioactive methods that [CCVAM should
collaborate with these ongoing efforts rather than initiate a comprehensive
independent review.

e In 2007, the CPSC requested that ICCVAM evaluate several modifications of the
LLNA, which included the LLNA: BrdU-ELISA. After considering comments from
the public and the SACATM, ICCVAM assigned the activity a high priority.
Scientists from ECVAM and JaCVAM served as liaisons to the IWG during the
evaluation of the LLNA: BrdU-ELISA and actively participated in the review. Both
liaisons nominated scientists to the peer review panel and the JaCVAM liaison
provided much of the validation data for the review.

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

NICEATM requested public comments on the September 2007 draft ICCV AM-recommended
LLNA performance standards developed to facilitate evaluation of modified LLNA test method
protocols with regard to the traditional LLNA. In response to this FR notice, NICEATM received
four comments, two of which suggested clarifications to the text. Another comment
recommended that test substances chosen for testing in the various LLNA methods should be
pure, with conclusive structures, and should not be mixtures. Most comments specifically
addressed the LLNA performance standards, although one comment pertained to the LLNA in
general.

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



e [ICCVAM considered the comment and concluded that the proposed modifications to
the LLNA test method protocol and expanded applications have the potential to
further reduce and refine animal use. ICCVAM is committed to identifying in vitro
models and non-animal approaches for assessing ACD and is engaged with ECVAM
and JaCVAM in the development of validation studies for such methods.

There were no comments that specifically addressed the LLNA: BrdU-ELISA.

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

NICEATM requested public comments on the January 2008 draft BRDs, draft [CCVAM test
recommendations, draft test method protocols, and updated draft LLNA performance standards
for an international independent scientific peer review panel meeting to evaluate modifications
and new applications for the LLNA. NICEATM received 23 comments in response to this FR
notice; seven written comments were received in advance of the meeting, and 16 oral comments
were offered at the Panel meeting.

Two written comments were relevant to the LLNA: BrdU-ELISA.

1. One commenter noted that the LLNA: BrdU-ELISA was recommended for use by
ICCVAM pending receipt of additional information, which the commenter supported,
and using alternative decision criteria. The commenter further noted that ICCVAM
qualified their acceptance and recommended a weight-of-evidence approach. The
commenter indicated that while it is usually good scientific practice to evaluate any
test method results in a weight-of-evidence manner, qualifications such as these
challenged the recommendations and gave incentive to conduct more testing, when in
reality the method evaluated had acceptable performance and should simply be
recommended.

e The January 2008 draft ICCVAM recommendations for the LLNA: BrdU-ELISA
indicated that the test method may be useful for identifying substances as potential
skin sensitizers and nonsensitizers but recommended that more data and information
were needed before final recommendations could be made. The January 2008 draft
ICCVAM recommendations did not recommend using a weight-of-evidence
approach to hazard classification.

2. Another commenter agreed with the January 2008 draft ICCVAM recommendation
that more information and data were needed for the LLNA: BrdU-ELISA in order to
conduct a meaningful assessment of the procedure’s performance relative to the
traditional LLNA. The commenter further agreed with the ICCVAM
recommendation that it was important to have information regarding the
interlaboratory performance of the assay. The commenter also had a suggestion
regarding Table 6-2 of the January 2008 draft BRD. Since an alternative SI cutoff for
the LLNA: BrdU-ELISA was identified (i.e., SI > 1.3) a comparison of
LLNA: BrdU-ELISA ECI1.3 values to traditional LLNA EC3 values would be
helpful.

e A comparison of data for the alternative SI values is included in the final ICCVAM
BRD (see Appendix C).

Two oral comments were relevant to the LLNA: BrdU-ELISA.



1. One commenter agreed with ICCVAM that the LLNA: BrdU-ELISA and the LLNA:
DA should be evaluated separately from one another because they have different
treatment schedules. The tests have very little similarity, other than using CBA mice
and measuring lymphocyte proliferation.

2. Another commenter explained that the rationale for selection of the CBA/JN strain of
mice for the LLNA: BrdU-ELISA was that the sensitivity of the strain to p-
benzoquinone was greater than that of the other two strains tested (i.e., BALB/cAnN
and CD-1).

4.2.4 Public Comments in Response to 73 FR 25754 (May 7, 2008): Meeting of the
Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM)

NICEATM announced the SACATM meeting and requested written and public oral comments on
the agenda topics. One public comment was received in response to this FR notice. The
commenter made a general comment that the members of SACATM do not represent a cross-
section of the American public.

e The SACATM charter indicates that the Committee shall consist of 15 members,
including the Chair. Voting members shall be appointed by the Director, National
Institute of Environmental Health Sciences (NIEHS), and include representatives
from an academic institution, a State government agency, an international regulatory
body, or any corporation developing or marketing new or revised or alternative test
methodologies, including contract laboratories. Knowledgeable representatives from
public health, environmental communities, or organizations using new or alternative
test methodologies may be included as appropriate. There shall be at least one
knowledgeable representative having a history of expertise, development, or
evaluation of new or revised or alternative test methods from each of the following
categories: (1) personal care, pharmaceutical, industrial chemicals, or agricultural
industry; (2) any other industry that is regulated by one of the Federal agencies on
ICCVAM; and (3) a national animal protection organization established under
section 501(c)(3) of the Internal Revenue Code of 1986. The Director, NIEHS, shall
select the Chair from among the appointed members of SACATM.

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

NICEATM requested submission of written public comments on the Independent Scientific Peer
Review Panel Assessment. No public comments were received in response to this FR notice.
4.2.6 Public and SACATM Comments: SACATM Meeting on June 18-19, 2008

The June 18-19, 2008, SACATM meeting included a discussion of the ICCVAM review of the
LLNA test method (see Appendix E3).

There were no public comments specific to the LLNA: BrdU-ELISA.

Regarding the LLNA: BrdU-ELISA, one SACATM member indicated that the LLNA BrdU-
ELISA had potential based on an accuracy of 83% (19/23) but a detailed protocol had not been
provided and it was premature to make judgments.



The January 2008 draft ICCVAM recommendations included a statement that a sufficiently
detailed protocol of the test method, including a defined and adequately justified decision
criterion for distinguishing between sensitizers and nonsensitizers, was required. NICEATM
subsequently obtained the detailed protocol, which was included in the revised draft BRD that
was evaluated by the Panel in April 2009.

4.2.7 Public Comments in Response to 74 FR 8974 (February 27, 2009):
Announcement of a Second Meeting of the Independent Scientific Peer
Review Panel on the Murine Local Lymph Node Assay; Availability of Draft
Background Review Documents (BRD); Request for Comments

NICEATM requested public comments on the revised draft BRDs, revised draft ICCVAM test
recommendations, revised draft test method protocols, and revised draft LLNA performance
standards for the second international independent scientific peer review panel meeting to
evaluate modifications and new applications for the LLNA. NICEATM received three comments
in response to this FR notice: one written comment, and two oral comments offered at the Panel
meeting.

1. There was a general comment expressing concern that the extensive time and
resources that ICCVAM has devoted to this evaluation has detracted from focus on
promising in vitro methods with potential to have a much greater impact on animal
use.

e JCCVAM considers that the evaluations conducted to date have significant potential
to further reduce and refine animal use, particularly where the use of the LLNA is
precluded due to restrictions associated with the use of radioactivity. ICCVAM is
also committed to identifying in vifro models and non-animal approaches for
assessing ACD and is engaged with ECVAM and JaCVAM in the development of
validation studies for such methods.

The commenter further made one written comment relevant to the LLNA: BrdU-ELISA.

1. The commenter supported the revised draft ICCVAM recommendation that the
LLNA: BrdU-ELISA can be used for ACD testing with specific defined limitations
in the decision criteria. That is, that substances falling within the intermediate SI
would be subjected to an integrated decision strategy in conjunction with all other
available information (e.g., dose response information, statistical analyses of treated
vs. control animals, peptide reactivity, molecular weight, results from related
chemicals, other testing data). While the commenter offered general support for this
use, they emphasized that it should be made clear that “other testing data” refers to
retrospective analyses rather than initiation of additional tests in animals.

e ICCVAM agrees that additional animal tests should be avoided whenever possible.
The intermediate SI range was discarded because it was irrelevant for ICCVAM’s
final recommendation to use a single decision criterion, SI > 1.6, to classify
sensitizers. However, ICCVAM recommends that borderline positive results (i.e., SI
values between 1.6 and 1.9) should be evaluated with other available information
(e.g., dose-response information, evidence of systemic toxicity or excessive local
irritation, statistical comparison of treated vs. vehicle control groups [where
appropriate], peptide reactivity, molecular weight, results from related substances,
other testing data) to confirm that such results are positive.



The commenter further noted that the Panel recommended that the LLNA: BrdU-
ELISA and the two other nonradioactive methods should be evaluated for their
ability to assess mixtures, metals, and aqueous solutions concurrently with the
assessment of these substances in the traditional LLNA. The commenter viewed that
since the only difference between these methods and the traditional LLNA is the
method of detection, it is unlikely that there will be any differences in the
applicability of these methods and the traditional LLNA with regard to mixtures,
metals and aqueous solutions. Therefore, it would be highly inappropriate to perform
these redundant studies, especially since there are no available data for comparison.

As outlined in the test method recommendations, ICCVAM considers the
applicability domain for the nonradioactive LLNA methods to be the same as the
traditional LLNA unless there are properties associated with a class of materials that
may interfere with the accuracy of the LLNA: BrdU-ELISA.

One oral comment was relevant to the LLNA: BrdU-ELISA.

1.

One commenter stated that the nonradiolabeled LLNA methods should not be held to
a higher standard than the traditional LLNA.

ICCVAM evaluated the LLNA: BrdU-ELISA test method based on the applicable
criteria for validation and acceptance of toxicological test methods in the ICCVAM
submission guidelines (ICCVAM 2003). ICCVAM is committed to ensuring that new
methods are equivalent to or better than the currently accepted toxicological test
methods in order to protect public health.

4.2.8 Public Comments in Response to 74 FR 19562 (April 29, 2009): Meeting of
the Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM)

NICEATM announced the SACATM meeting and requested written and public oral comment on
the agenda topics. No public comments were received in response to this FR notice.

4.2.9 Public Comments in Response to 74 FR 26242 (June 1, 2009): Independent
Scientific Peer Review Panel Report: Updated Validation Status of New
Versions and Applications of the Murine Local Lymph Node Assay: A Test
Method for Assessing the Allergic Contact Dermatitis Potential of Chemicals
and Products: Notice of Availability and Request for Public Comments

NICEATM requested submission of written public comments on the Independent Scientific Peer
Review Panel Assessment. One comment was received in response to this FR notice.

The commenter made one comment relevant to the LLNA: BrdU-ELISA.

L.

The commenter did not consider the nonradioactive LLNA methods to provide
significant advantages to the traditional LLNA.

The ICCVAM recommendations for the nonradioactive test methods state that the
proposed nonradioactive modifications to the LLNA test method protocol have
significant potential to further reduce and refine animal use, given that they will
likely increase the use of the LLNA instead of GP test methods where radioactivity is
prohibited.

The commenter also indicated that the number of animals used in the LLNA: BrdU-ELISA was
eight animals per dose group and for ethical reasons the LLNA: BrdU-ELISA might be avoided.



e The commenter misunderstood the number of animals required by the LLNA: BrdU-
ELISA. The ICCVAM-recommended protocol for the LLNA: BrdU-ELISA indicates
that four animals per dose group are recommended.

The commenter further indicated that the justification for replacing the GP is not provided for the
LLNA: BrdU-ELISA and that it should be mentioned.

e Asindicated in Section 10.0 of the final ICCVAM BRD (Appendix C), the LLNA:
BrdU-ELISA evaluates only the induction phase of skin sensitization and therefore
discomfort to animals associated with the elicitation phase is eliminated.
Additionally, the LLNA: BrdU-ELISA test method protocol requires fewer mice per
treatment group (a minimum of four animals per group) than either of the GP tests
(10-20 animals/group for the Buehler test and 5-10 animals/group for GPMT).

4.2.10 Public and SACATM Comments: SACATM Meeting on June 25-26, 2009

The June 25-26, 2009, SACATM meeting included a discussion of the ICCVAM review of the
LLNA test method (see Appendix E4).

There were no public comments specific to the LLNA: BrdU-ELISA.

In general, SACATM was supportive of the Panel report. However, there was general concern
regarding the potential for overlabeling substances that may occur by using LLNA test results.
They emphasized the need for developing non-animal test methods for identifying potential skin
sensitizers.

One SACATM member commented that many laboratories had moved away from using the
LLNA because it used radioactivity. Therefore, the option of LLNA test method protocols that do
not use radioactivity would likely increase use of the LLNA.

Regarding the LLNA: BrdU-ELISA, another SACATM member indicated that the use of two SI
decision criteria in the LLNA: BrdU-ELISA (i.e., one for determining sensitizers and one for
determining nonsensitizers) could potentially place many compounds in the range of uncertainty
(i.e., the range in which maximum SI results were between the SI decision criteria for sensitizers
and nonsensitizers), so the decision criteria should be reassessed as more data are obtained.

o The final ICCVAM recommendations state that a single decision criterion of SI> 1.6
be used to classify substances as potential sensitizers since there were no false
negatives in the current validation database, relative to the traditional LLNA, when
this criterion is used. However, using an SI > 1.6 as the decision criterion results in a
false positive rate of 18% (2/11) compared to the traditional LLNA. Since the two
false positive substances in the LLNA: BrdU-ELISA produced SI values between 1.6
and 1.9, users may want to consider additional information (e.g., dose-response
information, evidence of systemic toxicity and/or excessive local skin irritation,
statistical comparison of treated vs. vehicle control groups [where appropriate],
peptide reactivity, molecular weight, results from related substances, or other testing
data) to confirm that such results in the SI range are positive.
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