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JaCVAM statement on the
Short Time Exposure In Vitro Test Method for assessing ocular irritation

At a meeting held on 3 March 2016 at the National Institute of Health Sciences (NIHS) in
Tokyo, Japan, the Japanese Center for the Validation of Alternative Methods (JaCVAM)
Regulatory Acceptance Board unanimously endorsed the following statement:

Proposal: The Short Time Exposure (STE) In Vitro Test Method is a suitable means for
assessing ocular irritation potency in a regulatory context as part of either a top-
down approach to screening test chemicals that potentially induce serious eye
damage (Category 1) or a bottom-up approach to screening test chemicals that
potentially induce neither eye irritation nor serious eye damage and therefore do
not require classification (No Category) under the United Nations Globally
Harmonized System of Classification and Labeling of Chemicals (GHS).

This statement was prepared following a review of a validation report prepared by the
Japanese Society for Alternatives to Animal Experiments (JSAAE) and JaCVAM, a peer
review report prepared by the Interagency Coordinating Committee on the Validation of
Alternative Methods (ICCVAM) and the National Toxicology Program (NTP) Interagency
Center for the Evaluation of Alternative Toxicological Methods (NICEATM), and
Organisation for Economic Co-operation and Development (OECD) Test Guideline (TG)
491 “Short Time Exposure In Vitro Test Method for Identifying i) Chemicals Inducing
Serious Eye Damage and ii) Chemicals Not Requiring Classification for Eye Irritation or
Serious Eye Damage,” as well as other materials prepared by the Ocular Irritation Testing
JaCVAM Editorial Committee to acknowledge that the results of a review and study by the
JaCVAM Regulatory Acceptance Board have confirmed the usefulness of this assay.

Based on the above, we propose the Short Time Exposure In Vitro Test Method as a useful
means for assessing ocular irritation potency during safety assessments by regulatory

agencies.

ol ' " s a - wl . . L | 1 -
Yasuo Ohno a Akiyoshi Nishikawa
Chairperson Chairperson
JaCVAM Regulatory Acceptance Board JaCVAM Steering Committee

10 March 2016



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

This statement was endorsed by the following members of the JaCVAM Regulatory
Acceptance Board:

Mr. Yasuo Ohno (nominee by JaCVAM Steering Committee) : Chairperson

Mr. Naofumi lizuka (Pharmaceuticals and Medical Devices Agency)

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

Mr. Yuji Ishii (Biological Safety Research Center: BSRC, NIHS)

Ms. Yumiko Iwase (Japan Pharmaceutical Manufacturers Association)

Mr. Kazuhiro Kaneko (Japan Chemical Industry Association)

Mr. Eiji Maki (Japanese Society of Immunotoxicology)

Mr. Takeshi Morita (Japanese Environmental Mutagen Society)

Mr. Akiyoshi Nishikawa (BSRC, NIHS)

Mr. Kazutoshi Shinoda (Pharmaceuticals and Medical Devices Agency)

Ms. Mariko Sugiyama (Japan Cosmetic Industry Association)

Ms. Koko Tanigawa (Japanese Society for Alternatives to Animal Experiments)
Mr. Takashi Yamada (National Institute of Technology and Evaluation)

Mr. Hiroo Yokozeki (Japanese Society for Dermatoallergology and Contact Dermatitis)
Mr. Takemi Yoshida (Japanese Society of Toxicology)

Mr. Isao Yoshimura (nominee by Chairperson)

Term: From 1st April 2014 to 31st March 2016



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. Toru Kawanishi (NIHS)

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

Mr. Atsushi Kato (National Institute of Infectious Diseases)

Mr. Kenichi Mikami (Ministry of Health, Labour and Welfare)

Mr. Kaoru Misawa (Ministry of Health, Labour and Welfare)

Mr. Takatoshi Nakamura (Pharmaceutical & Medical Devices Agency)

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

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

Mr. Kazutoshi Shinoda (Pharmaceuticals and Medical Devices Agency)

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

Mr. Masaaki Tsukano (Ministry of Health, Labour and Welfare)

Mr. Hajime Kojima (Division of Risk Assessment, BSRC, NIHS): Secretary
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In vitro JEFFEIEFEE (The Short Time Exposure In Vitro Test Method : STE %) 1%, ¥ X% /=
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ML, MIRIPIZER Y JAE L7 MTT S80S, AR 2 R0~ W o BV EF I e fl 45 2 & &
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LTRSS ER D D,
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H9 % 7k & LT ICCVAM(Interagency Coordinating Committee on the Validation of Alternative
Methods)/NICEATM(National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative
Toxicological Methods)IZ & ¥ 55 =3l & 5 1}, Z O E 2013 4F 6 AlcAR Sz 9, Z D, 2015
7 HIZOECDIZE Y by H T« R hAT y 7Tl THIAC& 2 IR E L LT
TG491 MRS 7= 2,
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Y R BT R CE T2 2 L 2D HNERD D,

ARRBIEITRBOME & EREMEOBLE D DL FORIRAZK T bt T\ D

1) A KS%WWMM@O%EQEEQDK:kiU‘X7wﬁ4w®wfﬂ’%%%LﬁW\
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1)  Scott, L., etal. (2010). A proposed eye irritation testing strategy to reduce and replace in vivo studies using
Bottom-Up and Top-Down approaches. Toxicol in Vitro, 24(1): 1-9.

2)  OECD (2015) Test Guideline 491. Short Time Exposure in vitro test method for identifying 1) Chemicals
inducing serious eye damage and ii) Chemicals not requiring classification for eye irritation or serious eye
damage.

3) Mikkelson TJ, et al. (1973). Altered bioavailability of drugs in the eye due to 34 drug-protein interaction. J.
Pharm. Sci.1648-1653.

4)  Sakaguchi et al. (2011) Validation study of the Short Time Exposure (STE) test to assess the eye irritation
potential of chemicals. Toxicol. In Vitro, 25(4): 796-809.

5) Kojima et al. (2013) Second-phase validation study of the short time exposure test for assessment of eye
irritation potency of chemicals. Toxicol. In Vitro, 27(6): 1855-1869

6) ICCVAM (2013) Short Time Exposure (STE) test method, Summary review document.

7)  Takahashi et al. (2009) Inter-laboratory study of short time exposure (STE) test for predicting eye irritation
potential of chemicals and correspondence to globally harmonized system (GHS) classification. J Toxicol
Sci, 34(6): 611-626.

8)  Takahashi et al. (2010) An interlaboratory study of the short time exposure (STE) test using SIRC cells for
predicting eye irritation potential. J. Cutan. Ocul. Toxicol., 29(2): 77-90.
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AD: Applicable Domain

BCOP: Bovine Corneal Opacity and Permeability

CAS: Chemical Abstracts Services

CM: Cytosensor Microphysiometer

DMSO: Dimethyl Sulfoxide

ETDA: Ethylenediaminetetraacetic Acid

FL: Fluorescein Leakage

GHS: Globally Harmonized System of Classification and Labeling of Chemicals
ICCVAM: Interagency Coordinating Committee on the Validation of Alternative Methods
ICE: Isolated Chicken Eye

JaCVAM: Japanese Center for the Validation of Alternative Methods

kPa: kiloPascals

MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

NICEATM: National Toxicology Program (NTP) Interagency Center for the Evaluation of

Alternative Toxicological Methods
OD: Optical Density
OECD: Organization for Economic Co-operation and Development
SD: Standard Deviation
SRD: Summary Review Document
SIRC: Statens Seruminstitut Rabbit Cornea
SLS: Sodium Lauryl Sulfate
STE: Short Time Exposure /n Vitro Test
TG: Test Guideline
UN: United Nations
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in vitro FEIFENEFE{E  (Short Time Exposure In Vitro Test Method : STE %) 13, 74 XH
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ICCVAM/NICEATM @ SRD R i L /a E & LT %ﬁéﬂtﬂE%@%E%E%L
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BRI S1.3%B LW 123% TH 72, A AT » 7 HRITE W Tl BRI E % B
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WEBME, BRBERIEICE L Cid, BAEShARENR o T,
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1B, TG 438), BLO 7 vF LA UimiHaERIE (FLIE, TG 460) @ 3R ERIETH 5,
BCOP £ & ICE{EITEM2 EO BTy S8 L 0 i L7-88F - Mk %2 VT
L E OWgEFEIC L0 A U 5 AREO W BRRRHE DO 28 (b 2 FEEE IS HR TR ME & B 5 5 35k
ET, by 7HZ U FRICBWTHERIBOEEFELEZT (F7b5H, UNGHS X4 1)
WEERHT D HEE LT, 2R A7 v 7 HERICBWTIRICHT 2 EE 2B EMEE
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DIRFEIZ L0 AU 5 RS O6E 2 IR M 2 53 23 8E T, by 74
7R TOARANLND,

in vitro BIRF[HM&FE 1L (Short Time Exposure In Vitro Test Method, LA STE %) 1%, MK
FROBEOIERKF CTH D AR ERIIZ ) 2 Mia N 2 I v T, IR
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STE 513 A REh) 2B R 524 (Sakaguchi et al. 2011) & JaCVAM (Kojima et al. 2013)
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ICCVAM/NICEATM |Z L 0 5 =F5Hli 2521 F . £ O#E#E (Summary Review Document:
SRD) 732013 4F 6 HIZAFR Iz, £Di%, 201547 HIZOECD I XY by XD -
RN RLT v Tl FRORHFEHERBRICRIELE LTT A MIA RIA4 ZBIRE 7z (TG
491),

A EE T ICCVAM/NICEATM @ SRD P32 72 &% 1 & 12 OECD TG 491 (ZERIR
SN STEEOHEZHH L, AZBROERB JORHEZ R ~72 6 D TH 2,

2. REBRIEONE ST

STE %X, UN GHS X7 1 WHE THLE—MEB LI OREME &y 77X 0 A TH
HT DBV RERETH D, £7o. STEIEIE., UN GHS RGAME CTH 5 H
—WEB IR E AR N LT v T HATHRIHT DERICRICHWRBRIETE H D,

3. LR EE
ARICED AN - To5E6 . IRORIFME IR Em OMIEENH46FE 5, STE EIX 2
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MTT DOHY AZ & THE LM AEFRE = RARA v MHWSD, 2, Mﬁb>
iAKFRER OB L 72 5 EAZFA L EANIZERY AENTZMTIT 28 b= RUTH
Mk EREZIC L BETEN, RSN RL~ Y BN EEMREI G5 = & 25
HLTWS (MTT iEJtiE) .

RIS A>T 6 . B R TIERZEORE S 1~2 5 TIRAZLGHEH S, % T
X 3~4% f&%ﬂ%ﬁéﬂékﬁiéhxw\o_@ioﬁ%%@ﬁ SR E BB L,
STE J&I3iM 5 O Ml m il ER & b RN CHEEFRREZEORER & L CREFEh W5,

4, WERTNE
STE (EDOFNEDZEAIE TG 491 ITE NN TV DN, HEIILA T 0@ THh 5D,

4-1. FAE D A

SIRC HIAEIX 10% (v/v) DU BRIRIME. 2 mM L-Z /L% 2 >0 50~100 unit/mL <=3/
U, 50~100 pug/mL A V7 <A 2 &I L7T- Bagle fie/NLZEEEHINZ T 37°C, 5%
COfFIEFCRE®RT D, a v 7Ny MIeLETHELEZMIEE Y 72 EDTA &
WRICEDFN L, MR T 7 X 212/ 5, ABRICITIE 25 B F CoOMla 2 {#
M1 2%,

HERICH VAT, RERERIFIC o 7 Lmy b (580%) (2725 L 9T, BiEEEIR
N4 HBRSIETT2LHTD 6.0x10%cells. 5 HEIZBITT =L H7=0 3.0 x 10° cells 12
FHELL 96 7 = LR L — T 200 pL T 5

4-2. RERY LD
AEFRHK, 5% (wiw) DMSO (CAS# 67-68-5) % Gis EHLRHIK, 5T LA

1. BREREROERGE

EBEHKTREUEANLI-18 YEs
B BRT 0. LIS HMLLE
B—IcHET D ERREAEREBNETE,

B A SO ww) SR L.
SEIZ10f5 8 ML TO.5%(v/v)HEE.

NO EL|Z10fE % R T0.05% /v EEREN S5,
L
S%iw/w)DMSOE ST £ EREK VES rarrry
TonBEERML-BE. BET
S HLAESHMEELES— (25 53w/ wWIDMSOE & 4 £ BRI A F U BIHE T 5.
| BIA I8 T S W R E S
SEIZ10f5 8 ML TO.5%(v/v)HEE.
NO ELIZ108 B RLTo0% v EERNT 5,
L
SRFINAAINTnHRERBL - VES » | e
BE. BET L, LTSS
EH—ICaHT D ESRTILATILEREBERETD.
B SR ES w/w REREL.
NO EEIZ10fEH ML TOS%v/v)EE.
ELIz108HRLTo.05% v/ ERMT 5.
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(CAS# 8042-47-5) DN LEUI 72 IE A X 1 126> TEIRT B,

ARERIZ TR E D 5% BEW 0.05% AR B D 2 WITRmEIR) 24t3 2%, Bt
SHARIZIE SLS @ 0.01% B /KSR Z AW 5, 23U Z T, s B, BarExtiR (B
HxtfR) BIXOT T 07 Glifazs Lo &) Hi%iT 5,
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OECD GUIDELINE FOR THE TESTING OF CHEMICALS

Short Time Exposure In Vitro Test Method for Identifying i) Chemicals Inducing Serious
Eve Damage and ii) Chemicals Not Requiring Classification for Eve Irritation or Serious

Eye Damage
INTRODUCTION
1. The Short Time Exposure (STE) test method is an in vitro method that can be used under certain

circumstances and with specific limitations for hazard classification and labeling of chemicals (substances
and mixtures) that induce serious eye damage as well as those that do not require classification for either
serious eye damage or eye irritation, as defined by the United Nations (UN) Globally Harmonized System
of Classification and Labeling of Chemicals (GHS) (1).

2. For many years, the eye hazard potential of chemicals has been evaluated primarily using an in
vivo rabbit eye test (TG 405). It is generally accepted that, in the foreseeable future, no single in vitro
alternative test will be able to fully replace the in vivo rabbit eye test to predict across the full range of
serious eye damage/eye irritation responses for different chemical classes. However, strategic
combinations of alternative test methods used in a (tiered) testing strategy may well be able to fully replace
the rabbit eye test (2). The top-down approach is designed for the testing of chemicals that can be
expected, based on existing information, to have a high irritancy potential or induce serious eye damage.
Conversely, the bottom-up approach is designed for the testing of chemicals that can be expected, based on
existing information, not to cause sufficient eye irritation to require a classification. While the STE test
method is not considered to be a complete replacement for the in vivo rabbit eye test, it is suitable for use
as part of a tiered testing strategy for regulatory classification and labeling, such as the top-down/bottom-
up approach, to identify without further testing (i) chemicals inducing serious eye damage (UN GHS
Category 1) and (ii) chemicals (excluding highly volatile substances and all solid chemicals other than
surfactants) that do not require classification for eye irritation or serious eye damage (UN GHS No
Category) (1) (2). However, a chemical that is neither predicted to cause serious eye damage (UN GHS
Category 1) nor UN GHS No Category (does not induce either serious eye damage or eye irritation) by the
STE test method would require additional testing to establish a definitive classification. Furthermore, the
appropriate regulatory authorities should be consulted before using the STE in a bottom-up approach under
classification schemes other than the UN GHS.

3. The purpose of this test guideline (TG) is to describe the procedures used to evaluate the eye
hazard potential of a test chemical based on its ability to induce cytotoxicity in the Short Time Exposure
Test method. The cytotoxic effect of chemicals on corneal epithelial cells is an important mode of action
(MOA) leading to corneal epithelium damage and eye irritation. Cell viability in the STE test method is

© OECD, (2015)
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assessed by the quantitative measurement, after extraction from cells, of blue formazan salt produced by
the living cells by enzymatic conversion of the vital dye MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide), also known as Thiazolyl Blue Tetrazolium Bromide (3). The obtained cell
viability is compared to the solvent control (relative viability) and used to estimate the potential eye hazard
of the test chemical. A test chemical is classified as UN GHS Category 1 when both the 5% and 0.05%
concentrations result in a cell viability smaller than or equal to (<) 70%. Conversely, a chemical is
predicted as UN GHS No Category when both 5% and 0.05% concentrations result in a cell viability
higher than (>) 70%.

4, The term “test chemical” is used in this Test Guideline to refer to what is tested and is not related
to the applicability of the STE test method to the testing of substances and/or mixtures. Definitions are
provided in Annex I.

INITIAL CONSIDERATIONS AND LIMITATIONS

5. This Test Guideline is based on a protocol developed by Kao Corporation (4), which was the
subject of two different validation studies: one by the Validation Committee of the Japanese Society for
Alternative to Animal Experiments (JSAAE) (5) and another by the Japanese Center for the Validation of
Alternative Methods (JaCVAM) (6). A peer review was conducted by NICEATM/ICCVAM based on the
validation study reports and background review documents on the test method (7).

6. When used to identify chemicals (substances and mixtures) inducing serious eye damage (UN
GHS Category 1 (1), data obtained with the STE test method on 125 chemicals (including both substances
and mixtures), showed an overall accuracy of 83% (104/125), a false positive rate of 1% (1/86), and a false
negative rate of 51% (20/39) as compared to the in vivo rabbit eye test (7). The false negative rate obtained
is not critical in the present context, since all test chemicals that induce a cell viability of < 70% at a 5%
concentration and > 70% at 0.05% concentration would be subsequently tested with other adequately
validated in vitro test methods or, as a last option, in the in vivo rabbit eye test, depending on regulatory
requirements and in accordance with the sequential testing strategy and weight-of-evidence approaches
currently recommended (1) (8). Mainly mono-constituent substances were tested, although a limited
amount of data also exist on the testing of mixtures. The test method is nevertheless technically applicable
to the testing of multi-constituent substances and mixtures. However, before use of this Test Guideline on a
mixture for generating data for an intended regulatory purpose, it should be considered whether, and if so
why, it may provide adequate results for that purpose. Such considerations are not needed when there is a
regulatory requirement for testing of the mixture. The STE test method showed no other specific
shortcomings when used to identify test chemicals as UN GHS Category 1. Investigators could consider
using this test method on test chemicals, whereby cell viability < 70% at both 5% and 0.05% concentration
should be accepted as indicative of a response inducing serious eye damage that should be classified as UN
GHS Category 1 without further testing.

7. When used to identify chemicals (substances and mixtures) not requiring classification for eye
irritation and serious eye damage (i.e. UN GHS No Category), data obtained with the STE test method on
130 chemicals (including both substances and mixtures), showed an overall accuracy of 85% (110/130), a
false negative rate of 12% (9/73), and a false positive rate of 19% (11/57) as compared to the in vivo rabbit
eye test (7). If highly volatile substances and solid substances other than surfactants are excluded from the
dataset, the overall accuracy improves to 90% (92/102), the false negative rate to 2% (1/54), and the false
positive to 19% (9/48) (7). As a consequence, the potential shortcomings of the STE test method when
used to identify test chemicals not requiring classification for eye irritation and serious eye damage (UN
GHS No Category) are a high false negative rate for i) highly volatile substances with a vapor pressure
over 6 kPa and ii) Solid chemicals (substances and mixtures) other than surfactants and mixtures composed
only of surfactants. Such chemicals are excluded from the applicability domain of the STE test method (7).
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8. In addition to the chemicals mentioned in paragraphs 6 and 7, the STE test method generated
dataset also contains in-house data on 40 mixtures, which when compared to the in vivo Draize eye test,
showed an accuracy of 88% (35/40), a false positive rate of 50% (5/10), and a false negative rate of 0%
(0/30) for predicting mixtures that do not require classification under the UN GHS classification
system (9). The STE test method can therefore be applied to identify mixtures as UN GHS No Category in
a bottom-up approach with the exception of solid mixtures other than those composed only of surfactants
as an extension of its limitation to solid substances. Furthermore, mixtures containing substances with
vapour pressure higher than 6kPa should be evaluated with care to avoid potential under-predictions, and
should be justified on a case-by-case basis.

9. The STE test method cannot be used for the identification of test chemicals as UN GHS Category
2, Category 2A (eye irritation) or UN GHS Category 2B (mild eye irritation), due to the considerable
number of UN GHS Category 1 chemicals under-predicted as UN GHS Category 2, 2A, or 2B and UN
GHS No Category chemicals over-predicted as UN GHS Category 2, 2A, or 2B (7). For this purpose,
further testing with another suitable method may be required.

10. The STE test method is suitable for test chemicals that are dissolved or uniformly suspended for
at least 5 minutes in physiological saline, 5% dimethyl sulfoxide (DMSO) in saline, or mineral oil. The
STE test method is not suitable for test chemicals that are insoluble or cannot be uniformly suspended for
at least 5 minutes in physiological saline, 5% DMSO in saline, or mineral oil. The use of mineral oil in the
STE test method is possible because of the short-time exposure. Therefore, the STE test method is suitable
for predicting the eye hazard potential of water-insoluble test chemicals (e.g., long-chain fatty alcohols or
ketones) provided that they are miscible in at least one of the three above proposed solvents (4).

11. The term "test chemical” is used in this Test Guideline to refer to what is being tested'' and is not
related to the applicability of the STE test method to the testing of substances and/or mixtures.

PRINCIPLE OF THE TEST

11. The STE test method is a cytotoxicity-based in vitro assay that is performed on a confluent
monolayer of Statens Seruminstitut Rabbit Cornea (SIRC) cells, cultured on a 96-well polycarbonate
microplate (4). After five-minute exposure to a test chemical, the cytotoxicity is quantitatively measured as
the relative viability of SIRC cells using the MTT assay (4). Decreased cell viability is used to predict
potential adverse effects leading to ocular damage.

12. It has been reported that 80% of a solution dropped into the eye of a rabbit is excreted through
the conjunctival sac within three to four minutes, while greater than 80% of a solution dropped into the
human eye is excreted within one to two minutes (10). The STE test method attempts to approximate these
exposure times and makes use of cytotoxicity as an endpoint to assess the extent of damage to SIRC cells
following a five-minute exposure to the test chemical.

DEMONSTRATION OF PROFICIENCY

13. Prior to routine use of the STE test method described in this test guideline, laboratories should
demonstrate technical proficiency by correctly classifying the eleven substances recommended in Table 1.
These substances were selected to represent the full range of responses for serious eye damage or eye
irritation based on results of in vivo rabbit eye tests (TG 405) and the UN GHS classification system (1).
Other selection criteria included that the substances should be commercially available, that high-quality in
vivo reference data should be available, and that high-quality in vitro data from the STE test method should

" In June 2013, the Joint Meeting agreed that where possible, a more consistent use of the term “test chemical” describing what is being tested
should now be applied in new and updated Test Guidelines.
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be available (3). In situations where a listed substance is unavailable or where justifiable, another substance
for which adequate in vivo and in vitro reference data are available could be used provided that the same
criteria as described here are used.
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Table 1: List of Proficiency Substances

Physic , . | STE UN GHS
Substance CASRN | Chemical class’ al Lo Vi szv Solvent in Cat.
GHS Cat. STE test
state
Benzalkonium R001-
chloride 5425 Onium compound | Liquid Category 1 Saline Category 1
(10%, aqueous)
ar(;%); )X -100 9903021_ Ether Liquid Category 1 Saline Category 1
A -
Heterocyclic
Acid Red 92 12471_722 i zgﬁg gzggf g;ﬁgﬁﬁ: Solid Category 1 Saline Category 1
compound
E}O/((il;gz de 17331_(2)_ Alkilli;eg:i%zgianic Solid Category 1° Saline Category 1
Lactone; ..
2 . . No prediction
Butyrolactone | 96-48-0 chtgggl};gc Liquid | Category 2A Saline can be made
111-87- .. 4 Mineral No prediction
1-Octanol 5 Alcohol Liquid | Category 2A/B 0il can be made
Alcohol; . 5 . No prediction
Cyclopentanol 96-41-3 Hydrocarbon, cyclic Liquid | Category 2A/B Saline can be made
g;gttalllt(;xyethyl 1 19_15_ Alcohol; Ether Liquid | No Category Saline No Category
112-40- Hydrocarbon, . Mineral
Dodecane 3 acyclic Liquid | No Category 0il No Category
Methyl isobutyl | 108-10- L Mineral
Ketone ] Ketone Liquid No Category 0il No Category
L 598-65- |  Amidine; Sulfu
Dimethylguanid 5 ny()g;(’)u;ld f Solid No Category Saline No Category
ine sulfate

Abbreviations: CAS RN = Chemical Abstracts Service Registry Number

'Chemical classes were assigned using information obtained from previous NICEATM publications and if not
available, using the National Library of Medicine's Medical Subject Headings (MeSH™) (via ChemIDplus” [National
Library of Medicine], available at http://chem.sis.nlm.nih.gov/chemidplus/) and structure determinations made by
NICEATM.

?Based on results from the in vivo rabbit eye test (OECD TG 405) and using the UN GHS (1).

*Classification as Cat.1 is based on skin corrosive potential of 100% sodium hydroxide (listed as a proficiency
chemical with skin corrosive potential in OECD TG 435) and the criterion for UN GHS category 1 (1).

“Classification as 2A or 2B depends on the interpretation of the UN GHS criterion for distinguishing between these
two categories, i.e., 2 out of 6 vs 4 out of 6 animals with effects at day 7 necessary to generate a Category 2A
classification. The in vivo dataset included 2 studies with 3 animals each. In one study two out of three animals
showed effects at day 7 warranting a Cat. 2A classification (11), whereas in the second study all endpoints in all three
animals recovered to a score of zero by day 7 warranting a Cat. 2B classification (12).

*Classification as 2A or 2B depends on the interpretation of the UN GHS criterion for distinguishing between these
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two categories, i.e., 1 out of 3 vs 2 out of 3 animals with effects at day 7 necessary to generate a Category 2A
classification. The in vivo study included 3 animals. All endpoints apart from corneal opacity and conjunctivae
redness in one animal recovered to a score of zero by day 7 or earlier. The one animal that did not fully recover by
day 7 had a corneal opacity score of 1 and a conjunctivae redness of 1 (at day 7) that fully recovered at day 14 (11).

PROCEDURE
Preparation of the Cellular Monolayer

14. The rabbit cornea cell line, SIRC should be used for performing the STE test method. It is
recommended that SIRC cells are obtained from a well-qualified cell bank, such as American Type Culture
Collection CCL60.

15. SIRC cells are cultured at 37°C under 5% CO, and humidified atmosphere in a culture flask
containing a culture medium comprising Eagle's minimum essential medium (MEM) supplemented with
10% fetal bovine serum (FBS), 2 mM L-glutamine, 50-100 units/mL penicillin and 50-100 pg/mL
streptomycin. Cells that have become confluent in the culture flask should be separated using trypsin-
ethylenediaminetetraacetic acid solution, with or without the use of a cell scraper. Cells are propagated
(e.g. 2 to 3 passages) in a culture flask before being employed for routine testing, and should undergo no
more than 25 passages from thawing.

16. Cells ready to be used for the STE test are then prepared at the appropriate density and seeded
into 96-well plates. The recommended cell seeding density is 6.0 x 10° cells per well when cells are used
four days after seeding, or 3.0 x 10’ cells per well when cells are used five days after seeding, at a culture
volume of 200 pL. Cells used for the STE test that are seeded in a culture medium at the appropriate
density will reach a confluence of more than 80% at the time of testing, i.e., four or five days after seeding.

Application of the Test Chemicals and Control Substances

17. The first choice of solvent for dissolving or suspending test chemicals is physiological saline. If
the test chemical demonstrates low solubility or cannot be dissolved or suspended uniformly for at least
five minutes in saline, 5% DMSO (CAS#67-68-5) in saline is used as a second choice solvent. For test
chemicals that cannot be dissolved or suspended uniformly for at least five minutes in either saline or 5%
DMSO in saline, mineral oil (CAS#8042-47-5) is used as a third choice solvent.

18. Test chemicals are dissolved or suspended uniformly in the selected solvent at 5% (w/w)
concentration and further diluted by serial 10-fold dilution to 0.5% and 0.05% concentration. Each test
chemical is to be tested at both 5% and 0.05% concentrations. Cells cultured in the 96-well plate are
exposed to 200 pL/well of either a 5% or a 0.05% concentration of the test chemical solution (or
suspension), for five minutes at room temperature. Test chemicals (mono-constituent substances or multi-
constituent substances or mixtures) are considered as neat substances and diluted or suspended according
to the method, regardless of their purity.

19. The culture medium described in paragraph 15 is used as a medium control in each plate of each
repetition. Furthermore, cells are to be exposed also to solvent control samples in each plate of each
repetition. The solvents listed in paragraph 17 have been confirmed to have no adverse effects on the
viability of SIRC cells.

20. In the STE test method, 0.01% Sodium lauryl sulfate (SLS) in saline is to be used as a positive

control in each plate of each repetition. In order to calculate cell viability of the positive control, each plate
of each repetition has to also include a saline solvent control.
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21. A blank is necessary to determine compensation for optical density and should be performed
on wells containing only phosphate buffered saline, but no calcium and magnesium (PBS-) or cells.

22. Each sample (test chemical at 5% and 0.05%, medium control, solvent control, and positive
control) should be tested in triplicate in each repetition by exposing the cells to 200 uL of the appropriate
test or control chemical for five minutes at room temperature.

23. Benchmark substances are useful for evaluating the ocular irritancy potential of unknown
chemicals of a specific chemical or product class, or for evaluating the relative irritancy potential of an
ocular irritant within a specific range of irritant responses.

Cell Viability Measurement

24. After exposure, cells are washed twice with 200 pL. of PBS and 200 puL of MTT solution (0.5 mg
MTT/mL of culture medium) is added. After a two-hour reaction time in an incubator (37°C, 5% CO,), the
MTT solution is decanted, MTT formazan is extracted by adding 200 puL of 0.04 N hydrochloric acid-
isopropanol for 60 minutes in the dark at room temperature, and the absorbance of the MTT formazan
solution is measured at 570 nm with a plate reader. Interference of test chemicals with the MTT assay (by
colorants or direct MTT reducers) only occurs if significant amount of test chemical is retained in the test
system following rinsing after exposure which is the case for 3D Reconstructed human cornea or
Reconstructed human epidermis tissues but is not relevant for the 2D cell cultures used for the STE test
method.

Interpretation of Results and Prediction Model

25. The optical density (OD) values obtained for each test chemical are then used to calculate cell
viability relative to the solvent control, which is set at 100%. The relative cell viability is expressed as a
percentage and obtained by dividing the OD of test chemical by the OD of the solvent control after
subtracting the OD of blank from both values.

e (ODys7q of test chemical) — (ODs+q of blank)
Cell viability (%) = 100
ell viability (%) (ODs7, of solvent control) — (ODs5 of blank) )

Similarly, the relative cell viability of each solvent control is expressed as a percentage and obtained by
dividing the OD of each solvent control by the OD of the medium control after subtracting the OD of blank
from both values.

26. Three independent repetitions, each containing three replicate wells (i.e., n=9), should be
performed. The arithmetic mean of the three wells for each test chemical and solvent control in each
independent repetition is used to calculate the arithmetic mean of relative cell viability. The final
arithmetic mean of the cell viability is calculated from the three independent repetitions.

27. The cell viability cut-off values for identifying test chemicals inducing serious eye damage (UN

GHS Category 1) and test chemicals not requiring classification for eye irritation or serious eye damage
(UN GHS No Category) are given hereafter.
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Table 2: Prediction model of the STE test method

Cell viability
UN. GHS Applicability
At 5% At 0.05% Classification
Substances and mixtures, with the exception of:
i) highly volatile substances with a vapor
1
>70% > 70% No Category pressure over 6 kPa' and

ii) Solid chemicals (substances and mixtures)
other than surfactants and mixtures composed
only of surfactants

No prediction can be

<70% >70%
made

Not applicable

=70% <70% Category 1 Substances and mixtures *

! Mixtures containing substances with vapour pressure higher than 6kPa should be evaluated with care to avoid
potential under-predictions, and should be justified on a case-by-case basis.

?Based on results obtained mainly with mono-constituent substances, although a limited amount of data also exist on
the testing of mixtures. The test method is nevertheless technically applicable to the testing of multi-constituent
substances and mixtures. Before use of this Test Guideline on a mixture for generating data for an intended regulatory
purpose, it should be considered whether, and if so why, it may provide adequate results for that purpose. Such
considerations are not needed, when there is a regulatory requirement for testing of the mixture.

Acceptance Criteria

28.

d)

Test results are judged to be acceptable when the following criteria are all satisfied:

Optical density of the medium control (exposed to culture medium) should be 0.3 or higher after
subtraction of blank optical density.

Viability of the solvent control should be 80% or higher relative to the medium control. If multiple
solvent controls are used in each repetition, each of those controls should show cell viability
greater than 80% to qualify the test chemicals tested with those solvents.

The cell viability obtained with the positive control (0.01% SLS) should be within two standard
deviations of the historical mean. The upper and lower acceptance boundaries for the positive
control should be frequently updated i.e., every three months, or each time an acceptable test is
conducted in laboratories where tests are conducted infrequently (i.e., less than once a month).
Where a laboratory does not complete a sufficient number of experiments to establish a
statistically robust positive control distribution, it is acceptable that the upper and lower acceptance
boundaries established by the method developer are used, i.e., between 21.1% and 62.3%
according to its laboratory historical data, while an internal distribution is built during the first
routine tests.

Standard deviation of the final cell viability derived from three independent repetitions should be
less than 15% for both 5% and 0.05% concentrations of the test chemical.
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If one or several of these criteria is not met, the results should be discarded and another three independent
repetitions should be conducted.

DATA AND REPORTING
Data
29. Data for each individual well (e.g., cell viability values) of each repetition as well as overall

mean, SD, and classification are to be reported.

Test Report

30. The test report should include the following information:
Test Chemical and Control Substances

- Mono-constituent substance : chemical identification, such as [IUPAC or CAS name(s), CAS registry
number(s), SMILES or InChl code, structural formula, and/or other identifiers;

- Multi-constituent substance, UVCB and mixture: Characterization as far as possible by e.g.,
chemical identity (see above), purity, quantitative occurrence and relevant physicochemical

properties (see above) of the constituents, to the extent available;

- Physical state, volatility, pH, LogP, molecular weight, chemical class, and additional relevant
physicochemical properties relevant to the conduct of the study, to the extent available;

- Purity, chemical identity of impurities as appropriate and practically feasible, etc;
- Treatment prior to testing, if applicable (e.g., warming, grinding);
- Storage conditions and stability to the extent available.
Test Method Conditions and Procedures
- Name and address of the sponsor, test facility and study director;
- Description of the test method used,
- Cell line used, its source, passage number and confluence of cells used for testing;
- Details of test procedure used;
- Number of repetitions and replicates used;
- Test chemical concentrations used (if different than the ones recommended);
- Justification for choice of solvent for each test chemical,
- Duration of exposure to the test chemical (if different than the one recommended);

- Description of any modifications of the test procedure;

© OECD, (2015)
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- Description of evaluation and decision criteria used;
- Reference to historical positive control mean and Standard Deviation (SD):

- Demonstration of proficiency of the laboratory in performing the test method (e.g. by testing of
proficiency substances) or demonstration of reproducible performance of the test method over time.

Results

- For each test chemical and control substance, and each tested concentration, tabulation should be
given for the individual OD values per replicate well, the arithmetic mean OD values for each
independent repetition, the % cell viability for each independent repetition, and the final arithmetic
mean % cell viability and SD over the three repetitions;

- Results for the medium, solvent and positive control demonstrating suitable study acceptance
criteria;

- Description of other effects observed,
- The overall derived classification with reference to the prediction model/decision criteria used.
Discussion of the Results

Conclusions

10
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ANNEX 1

DEFINITIONS

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 (13).

Benchmark substance: A substance used as a standard for comparison to a test chemical. 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.

Bottom-Up Approach: A step-wise approach used for a test chemical suspected of not requiring
classification for eye irritation or serious eye damage, which starts with the determination of chemicals not
requiring classification (negative outcome) from other chemicals (positive outcome)

Chemical: means a substance or mixture.

Eye irritation: Production of change in the eye following the application of a test chemical to the anterior
surface of the eye, which are fully reversible within 21 days of application. Interchangeable with
“reversible effects on the eye” and with UN GHS Category 2 (1)

False negative rate: The proportion of all positive chemicals falsely identified by a test method as
negative. It is one indicator of test method performance.

False positive rate: The proportion of all negative chemicals that are falsely identified by a test method as
positive. It is one indicator of test method performance.

Hazard: Inherent property of an agent or situation having the potential to cause adverse effects when an
organism, system or (sub) population is exposed to that agent.

Medium control: An untreated replicate containing all components of a test system. This sample is
processed with test chemical-treated samples and other control samples to determine whether the solvent
interacts with the test system.

Mixture: A mixture or a solution composed of two or more substances in which they do not react (1).

Mono-constituent substance: A substance, defined by its quantitative composition, in which one main
constituent is present to at least 80% (w/w).

MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Thiazolyl blue tetrazolium bromide.

Multi-constituent substance: A substance, defined by its quantitative composition, in which more than
one main constituent is present in a concentration > 10% (w/w) and < 80% (w/w). A multi-constituent
substance is the result of a manufacturing process. The difference between mixture and multi-constituent
substance is that a mixture is obtained by blending of two or more substances without chemical reaction. A
multi-constituent substance is the result of a chemical reaction.

12
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OD: Optical Density.

Positive control: A replicate containing all components of a test system and treated with a substance
known to induce a positive response. To ensure that variability in the positive control response across time
can be assessed, the magnitude of the positive response should not be excessive.

Relevance: Description of relationship of the test to the effect of interest and whether it is meaningful and
useful for a particular purpose. It is the extent to which the test correctly measures or predicts the
biological effect of interest. Relevance incorporates consideration of the accuracy (concordance) of a test
method (10).

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 and intra-laboratory repeatability (13).

Sensitivity: The proportion of all positive/active chemicals that are correctly classified by the test. It is a
measure of accuracy for a test method that produces categorical results, and is an important consideration
in assessing the relevance of a test method (10).

Serious eye damage: Production of tissue damage in the eye, or serious physical decay of vision,
following application of a test chemical to the anterior surface of the eye, which is not fully reversible
within 21 days of application. Interchangeable with “irreversible effects on the eye” and with UN GHS
Category 1 (1).

Solvent/vehicle control: An untreated sample containing all components of a test system, including the
solvent or vehicle that is processed with the test chemical-treated and other control samples to establish the
baseline response for the samples treated with the test chemical dissolved in the same solvent or vehicle.
When tested with a concurrent medium control, this sample also demonstrates whether the solvent or
vehicle interacts with the test system.

Specificity: The proportion of all negative/inactive chemicals that are correctly classified by the test. It is a
measure of accuracy for a test method that produces categorical results and is an important consideration in
assessing the relevance of a test method (13).

Substance: Chemical elements and their compounds in the natural state or obtained by any production
process, inducing any additive necessary to preserve the stability of the product and any impurities
deriving from the process used, but excluding any solvent which may be separated without affecting the
stability of the substance or changing it composition (1).

Surfactant: Also called surface-active agent, this is a chemical such as a detergent, that can reduce the
surface tension of a liquid and thus allow it to foam or penetrate solids; it is also known as a wetting agent.

Test chemical: The term "test chemical” is used to refer to what is being tested.

Tiered testing strategy: A stepwise testing strategy where all existing information on a test chemical is
reviewed, in a specified order, using a weight of evidence process at each tier to determine if sufficient
information is available for a hazard classification decision, prior to progression to the next tier. If the
irritancy potential of a test chemical can be assigned based on the existing information, no additional
testing is required. If the irritancy potential of a test chemical cannot be assigned based on the existing
information, a step-wise sequential animal testing procedure is performed until an unequivocal
classification can be made.

13
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Top-Down Approach: step-wise approach used for a test chemical suspected of causing serious eye
damage, which starts with the determination of chemicals inducing serious eye damage (positive outcome)
from other chemicals (negative outcome).

United Nations Globally Harmonized System of Classification and Labelling of Chemicals (UN
GHS): A system proposing the classification of chemicals (substances and mixtures) according to
standardized types and levels of physical, health and environmental hazards, and addressing corresponding
communication elements, such as pictograms, signal words, hazard statements, precautionary statements
and safety data sheets, so that to convey information on their adverse effects with a view to protect people
(including employers, workers, transporters, consumers and emergency responders) and the environment

(1.

UN GHS Category 1: See “Serious eye damage”.

UN GHS Category 2: See “Eye irritation”.

UN GHS No Category: Chemicals that are not classified as UN GHS Category 1 or 2 (2A or 2B).

UVCB: substances of unknown or variable composition, complex reaction products or biological
materials.

14
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Executive Summary

The short time exposure (STE) test method is an in vitro method for identifying ocular irritants.
Developed by Takahashi et al. (2008), the STE test method assesses cytotoxicity in a rabbit corneal
epithelial cell line (SIRC cells) through a 5S-minute exposure to the test substance. In March 2011,
Kao Corporation (Tochigi, Japan) submitted a background review document (BRD) titled “Current
Status of In Vitro Test Methods for Identifying Ocular Irritants: Short Time Exposure (STE) Test” to
the National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM). NICEATM conducted a preliminary evaluation of the BRD and
requested additional information, which resulted in several revisions to the BRD. Kao Corporation
drafted a final BRD in May 2012 (Supplement A). The BRD contains all data and information that
were available in the peer-reviewed literature and Kao Corporation in—house data to describe the
current validation status of the STE test method, including what was known about its accuracy and
reliability.

This summary review document presents an evaluation of STE test method accuracy, sensitivity,
specificity, false positive rate, and false negative rate based on test substances with corresponding in
vivo data. The analysis in a top-down and a bottom-up approach was based on the Globally
Harmonized System of Classification and Labelling of Chemicals (GHS; UN 2011) and U.S.
Environmental Protection Agency (EPA 2012) classification systems for eye hazard classification and
labeling.

In a top-down approach, the STE test method is used to distinguish and label severe eye
irritants/corrosives from all other hazard categories. Any substance not identified as a severe eye
irritant/corrosive by the STE test method requires additional testing with other methods. A top-down
approach requires a low false positive rate to avoid overclassification of substances. The false
negative rate is not as critical because substances that test negative in the STE test method would be
tested with another method.

In contrast, a bottom-up approach is used to distinguish substances not labeled as eye irritants from all
other hazard categories. Any substance that tests positive in a bottom-up approach requires additional
testing with other methods to determine the appropriate hazard classification and labeling. A bottom-
up approach requires a low false negative rate to avoid irritants being classified and mislabeled as
irritants when the correct eye hazard classification is GHS Not classified or EPA Category [V
(minimal effects clearing in less than 24 hours). The false positive rate is not as critical because
substances that test positive in the STE test method would be tested with another method.

The Kao Corporation BRD describes their analyses of 119 tests substances in four studies (Kojima et
al. [Kao BRD]; Sakaguchi et al. 2011; Takahashi et al. 2009, 2010), with additional in-house data
provided by Kao Corporation. In September 2012, Kao Corporation provided data on 52 additional
surfactant or surfactant-containing substances, for a total of 169 substances with in vitro STE and in
vivo rabbit eye test data (Supplement B).

The analyses in this report used consensus calls for both STE and rabbit eye test data when results
were available from more than one laboratory or study. When equivocal results were obtained in two
or more laboratories or in different studies, the more severe hazard classification was used.

Table 1 summarizes overall performance of the STE test method in a top-down approach for all
substances in the database. The overall false positive rate in a top-down approach ranged from
1.2% (1/84) for GHS classification to 2.3% (2/87) for EPA classification. Exclusion of alcohols
reduced the rate to 0% (data not shown). The performance of the STE test method is compared to
other validated in vitro test methods in Table 2.
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Table 1 Overall STE Performance in a Top-Down Approach
False False
Regulatory N Accuracy Sensitivity Specificity Positive Negative Rate
System Rate
% No. % No. % No. % No. % No.
GHS 120 85 102/120 53 19/36 99 83/84 | 12 | 1/84 | 47 17/36
EPA 120 87 104/120 58 19/33 98 85/87 | 2.3 | 2/87 | 42 14/33

Abbreviations: EPA = U.S. Environmental Protection Agency; GHS = Globally Harmonized System of Classification and
Labelling of Chemicals; N = number of substances; STE = short time exposure.

Table 2 Top-Down Performance of Validated Irn Vitro Test Methods Compared to the
STE Test Method
Accuracy False Positive Rate False Negative Rate
GHS N
% No. % No. % No.
BCOP 188 79 149/188 24 29/123 15 10/65
ICE 144 83 120/144 8.0 9/114 50 15/30
CM 82 90 74/82 2.0 1/48 21 7/34
STE 120 85 102/120 1.2 1/84 47 17/36

Abbreviations: BCOP = bovine corneal opacity and permeability; CM = Cytosensor microphysiometer; GHS = Globally
Harmonized System of Classification and Labelling of Chemicals; ICE = isolated chicken eye; N = number of substances.

The STE overall performance in a bottom-up approach is shown in Table 3. The overall false
negative rate in a bottom-up approach ranged from 12.3% (9/73) for GHS classification to 24.7%
(24/97) for EPA classification.

Table 3 Overall STE Performance in a Bottom-Up Approach
e s e False Positive | False Negative
Regulatory N Accuracy Sensitivity Specificity Rate Rate
System
% No. % No. % No. % No. % No.
GHS 129 | 85 109/129 88 64/73 80 45/56 | 20 11/56 12 9/73
EPA 129 | 80 103/129 75 73/97 94 30/32 | 6.3 2/32 25 24/97

Abbreviations: EPA = U.S. Environmental Protection Agency; GHS = Globally Harmonized System of Classification and
Labelling of Chemicals; N = number of substances; STE = short time exposure.

The applicability domain was evaluated to reduce the false positive rate and increase performance for
both GHS and EPA classifications in a bottom-up approach. Improvements in the applicability
domain were determined by analyzing assay performance by chemical class and physical properties.
As a result, two applicability domains were evaluated based on excluding certain chemical and
product classes, or physical characteristics. Applicability domain one excludes liquids with vapor
pressures >6 kilopascals (kPa) solid alcohols, hydrocarbons, and salts while applicability domain two
excludes liquids with vapor pressures >6 kilopascals (kPa) and nonsurfactant solids (Table 4). The
performance of the STE test method is compared to other validated in vitro test methods in Table 5.
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Table 4 Overall STE Performance in a Bottom-Up Approach After Excluding
Discordant Categories
Regulatory N Accuracy False Positive Rate False Negative Rate
System % No. % | N % No.

Applicability Domain 1 -
Exclusion of liquids with vapor pressures >6 kilopascals (kPa) solid alcohols, hydrocarbons, and salts

GHS 94 90 85/94 18 8/45 2 1/49
EPA 94 83 78/94 7.7 2/26 21 14/68
Applicability Domain 2 -

Exclusion of liquids with vapor pressures >6 kilopascals (kPa) and nonsurfactant solids
GHS 101 90 91/101 19 9/47 1.9 1/54
EPA 101 85 86/101 7.1 2/28 18 13/73

Abbreviations: EPA = U.S. Environmental Protection Agency; GHS = Globally Harmonized System of Classification and
Labelling of Chemicals; No. = number; STE = short time exposure.

Table 5 Bottom-Up Performance of Validated In Vitro Test Methods Compared to the
STE Test Method
Accuracy False Positive Rate False Negative Rate
GHS N
% No. % No. % No.
BCOP 188 66 125/188 69 63/91 0 0/97
CM 53 68 36/53 68 17/25 0 0/28
STE — ADI 94 91 85/94 18 8/45 2 1/49
STE — AD2 101 90 91/101 19 9/47 1.9 1/54

Abbreviations: AD = applicability domain; BCOP = bovine corneal opacity and permeability; CM = Cytosensor
microphysiometer; N = number of substances; STE = short time exposure.

This evaluation of the STE performance shows that this method is able to distinguish substances as
severe irritants or corrosives (i.e., GHS Category 1 or EPA Category I) from all other hazard
categories (GHS Category 2A, 2B, Not Classified or EPA Category 11, 111, IV) in a top-down
approach, with false positive rates ranging from 1.2% (1/84) to 2.3% (2/87) for the GHS and EPA
classification systems, respectively. Exclusion of discordant chemical classes (e.g., alcohols, ethers,
hydrocarbons, or nonionic surfactants) reduced the false positive rate to 0%. In a bottom-up approach
to distinguish substances that were either not classified or minimal irritants (i.e., GHS Not Classified
or EPA Category IV) from all other hazard categories (i.e., GHS Category 1, 2A, 2B or EPA
Category I, 11, III), the STE false negative rates ranged from 12.3% (9/73) to 24.7% (24/97). The
range of false negative rates in a bottom-up approach was decreased to 2% (1/49) and 21% (14/68)
for the GHS and EPA classification systems, respectively, when liquids with vapor pressures >6kPa
solid alcohols, hydrocarbons, and salts were excluded. The range of false negative rates in a bottom-
up approach was decreased to 1.9% (1/54) and 18% (13/73) for the GHS and EPA classification
systems, respectively, when liquids with vapor pressures >6kPa and nonsurfactant solids were
excluded.

This SRD along with the original Kao BRD and other supporting documentation were forward by
NTP to four external scientific reviewers. The reviewers were provided a list of questions that
included a request to comment on the adequacy of the database used for evaluating STE, the
adequacy of the performance evaluation, and to provide comments for regulators using the test
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method. In response, the reviewers indicated that the database of compounds was generally sufficient
and the review thorough. A summary of reviewer comments is provided in Section 5.0.
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1.0 Introduction and Background

The Draize rabbit eye test has been the primary method used to determine the ocular irritation
potential of chemicals (Draize et al. 1944). However, public interest in animal welfare has increased
the pressure to develop non-animal alternatives. The development of alternative methods is also
accelerating due to regulations banning animal ocular irritation tests for cosmetics in the European
Union (Directive 2003/15/EC; European Union 2003). As a result, numerous alternative ocular
irritation methods that use cell lines and tissues are being developed around the world (Balls et al.
1999; Eskes et al. 2005; Ohno et al. 1999). The test guidelines for the bovine corneal opacity and
permeability (BCOP) test method and isolated chicken eye (ICE) test method were accepted by the
Organisation for Economic Co-operation and Development (OECD) for predicting severe ocular
irritation (OECD 2012a, 2012b). However, no other test guidelines have been accepted for in vitro
ocular irritation tests.

The short time exposure (STE) test method is an alternative ocular irritation method developed by
Kao Corporation (Takahashi et al. 2008). The STE test method uses a cultured cell line (SIRC cells)
derived from rabbit cornea and uses shorter exposure times than many other cytotoxicity-based
methods. Generally, cytotoxicity tests using cultured cells have the advantage of being simple, quick
procedures with a low evaluation cost. The facility requirements necessary to conduct the STE test
include a standard laboratory setup for cell culture. The cornea is one of the main targets during
accidental eye exposures, and damage to the cornea can result in visual impairment. A final advantage
of the STE test method is that it can be used to evaluate poorly water-soluble chemicals like toluene,
octanol, and hexanol by using mineral oil as the vehicle (Takahashi et al. 2008).

The STE test method involves exposing SIRC cells to 5% and 0.05% concentrations of test substance
for 5 minutes. Following exposure to 5% test substance concentration, substances that reduce cell
viability below 70% are classified as irritants. Using this classification scheme, Kao Corporation
assessed the performance of the STE test method in a bottom-up approach to distinguish substances
not labeled as irritants from all other categories. Kao Corporation also proposed a second approach to
establish an ocular irritation potency ranking that differentiates severely irritating substances from
mild and moderate irritants. This approach uses a point system based on the test concentration and
relative viability resulting from an exposure to 5% or 0.05% of test material (Takahashi et al. 2008).
This second approach was used to review the STE test method in a top-down approach to distinguish
corrosives/severe irritants from all other categories.

In March 2011, the Japanese Center for the Validation of Alternative Methods (JaCVAM), as part of
the International Cooperation on Alternative Test Methods agreement, requested that the National
Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological Methods
(NICEATM) and the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) conduct a technical review of the STE test method. In support of the review, Kao
Corporation submitted their STE test method BRD and subsequently provided NICEATM with a
revised May 2012 BRD (Supplement A). The BRD contains STE and rabbit eye test data for

119 substances from four in vitro—in vivo comparative studies, with additional in-house data on

23 substances provided by Kao Corporation. After the preliminary analysis, additional data were
requested and provided for 52 surfactants or surfactant-containing formulations that increased the
STE database to 169 substances.

To assess the ability of the STE test method to predict the regulatory hazard classification identified
in the rabbit eye test, the STE rank results were converted to Globally Harmonized System of
Classification and Labelling of Chemicals (GHS) and U.S. Environmental Protection Agency (EPA)
classifications (UN 2011, EPA 2012). An STE rank of 1 (nonirritant), 2 (mild or moderate irritant), or
3 (severe irritant) was converted to GHS Not Classified, Category 2A/2B, or Category 1, respectively,
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or to the U.S. EPA Label Review Manual classification of eye irritation as Category IV, Category
II/II, or Category I, respectively.

STE test method performance was also evaluated in a top-down approach (i.e., distinguishing GHS
Category 1 or EPA Category I substances from those in all other categories) or in a bottom-up
approach (i.e., distinguishing GHS Not Classified or EPA Category IV substances from all other
categories) for substances with corresponding in vitro—in vivo data. For a top-down approach,

120 substances had corresponding in vitro and in vivo classification data using the GHS or EPA
classification systems, respectively, that were suitable for accuracy analysis. For a bottom-up
approach, 129 substances had suitable in vitro—in vivo data for GHS and EPA classifications.

A variety of chemical categories were tested in the STE test method, and the chemical categories with
the greatest amount of test data are alcohols, carboxylic acids, esters, ethers/polyethers, heterocyclic
compounds, ketones/lactones, onium compounds, and salts. Physical properties of these substances
have also been evaluated (pH, solids, liquids, and surfactants [nonionic, anionic, cationic]). This
summary review document describes evaluations of the STE test method performance in a top-down
or bottom-up approach.
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2.0 STE Test Method Database

The May 2012 BRD submitted by Kao Corporation (Supplement A) includes information on the
STE test method, the test method protocol, and data and performance analyses based on:

Takahashi et al. (2009) — Prevalidation study 1 on 44 substances

Takahashi et al. (2010) — Prevalidation study 2 on 70 substances

Sakaguchi et al. (2011) — Phase I validation study on 25 substances

Kojima et al. (Kao BRD) — Phase II validation study on 40 substances, then combined with Phase
I substances for a total of 63 substances

e Kao in-house data on 22 of 23 substances in the original BRD

Additional information on the test substances are found in Supplement B. Supplement B1 contains
the in vivo data used to develop consensus in vivo classifications for substances evaluated in the STE
test method. Supplement B2 shows the test substances along with CAS Registry Number®
(American Chemical Society), concentration tested, STE test data (mean viability value, standard
deviation, number of replicates), category classification, and the reference. Supplement B3 provides
the same information but indicates the consensus STE classification.

The STE database includes test substances in the Kao Corporation BRD, with additional data on

52 surfactants and surfactant-containing formulations provided by Kao Corporation. However, the
database used to assess performance consists of consensus classifications when a single substance
was tested in multiple laboratories or in different studies. /n vivo data are typically generated by
testing neat chemicals. Twenty-three substances that were tested in the STE test method at a
concentration less than 100% and that did not produce a severe irritant effect were excluded from
these analyses because a mild/moderate irritant or nonirritant classification of a diluted chemical may
be classified as a severe irritant when tested neat in vitro.

Chemicals that directly reduce MTT in the absence of cells have been shown to artificially inflate
viability measures and underpredict cytotoxicity (Huang 2004; Sims and Plattner 2009). Kao
Corporation assessed chemicals for their ability to directly reduce MTT by incubating the test
substances with MTT and visually inspecting for color development. Test substances that were
identified as direct MTT reducers were removed from top-down analysis and those classified as STE
nonirritants were removed from bottom-up analysis, as these could be false negative.

Finally, in vivo data were analyzed to calculate the appropriate ocular irritation hazard classification.
These data include cornea, iris, and conjunctiva scores for each animal at 24, 48, and 72 hours
following test substance administration and/or assessment of lesions at 7, 14, and 21 days. Some test
substances had insufficient in vivo data to assign a hazard classification. Thus, these substances were
not used to evaluate STE accuracy and reliability.

The STE database contains 169 test substances representing a variety of chemical classes and
physicochemical properties. Table 2-1 provides information on the test substances evaluated in a
top-down approach to identify severe eye irritants or corrosives. Table 2-2 provides information
evaluated in a bottom-up approach to identify GHS Not Classified or EPA Category IV substances.
These substances had corresponding in vivo data, were assigned a GHS (UN 2011) or EPA (EPA
2012) eye hazard classification, and met other assay criteria as discussed in Section 3.2. Table 2-3
shows the substances used to assess the STE test method in a bottom-up approach applicability
domain one excluding liquids with vapor pressure >6 kilopascals alcohols, hydrocarbons, and salts
and applicability domain two excluding liquids with vapor pressure >6 kilopascals and nonsurfactant
solids.

ol



I I11 A103018D) | payIsseD 10N %001 €1¥°0 pmbry §-79-0L6€ | loueuad-¢-[Ayrow(-z'g
J]es WNIposouowW pre dIuojy
[NSOUAZUAQIAYIOWAXOIPAY
pue opAyap[ewio}
C 11 103018 [ A103018D) %001 VN pmbr 1-9L-5TS8 m sowkjod
Jes wniposouow’
-AX01pAy-9‘proe
oruojnsauareyiydeN-¢
I Al K103018) | PayIsse[) J0N %001 8'LT pmbry S-€8-L01 suryuadjAYOIN-T
4 [ A103018) [ A103918D) %001 6¥1°0 pmbry 0-€5-911 proe SLAINQIAYIIN-T
C 111 A103018D) q¢ K10391e) %001 161°0 pmbry 9-0€-S01 Jouejuad-[-[AyION-T
. 9Je0zuaq ourwe|AyjowIp
K108 - b -20-
I Al A103218) | payisse[) J0N %001 90-d¢L'¥ pmbr €-20-S¥TIT d AxoqiAqa-z
C 11 A103018D) V¢ K103218) %001 §T0°0 pmbrg L-9L%01 Jouexay-1-[Ayig-g
. o (9181908 2A[0SO[[9D)
I 111 £103318) | payIsse[D 10N %001 L6£°0 pmbry 6-SI-111 SE1008 [ATRAXOTT-
C 11 A103018D) Vv K10318) %001 46T pmbrg T-80-T29 JoueyioAxojhzuag-g
I Al A103212) | payisse[) JON %001 0Z€0 pmbry 1-91-L91 QUAIPLIR(-6°]
I 111 A103218) | payIsse[) 10N %001 9'8C pmbry L-TH-T6S QUAIPELXIH-G |
I Al A103012) | payIsse[) JON %001 1700 pmbrg L7966 oudzuaqjAdordost-1q-¢°1
C 11 A1030)8D) V¢ K103018) %00T €10°0 pmbry S-L8-111 [oue0-1
I Al K103212) | payisse[) JON %001 9L1°0 pmbry 8-86-S€1 oudzuaq [Adoid]AypoW-|
J[es Jouul -[AyIoWIp-N‘N
C [ 103018 [ A103018D) %001 12-991°1 pmbr L-9L-L61€1 | -(1Adoxdoyins-¢-AxoIpAy
-7)-N ‘Wnuueueddpo(- |
I Al A108218D) | payIsse[) JON %001 ¥91°0 pmbry 6-8L-0v69 | QUEINQOIO[YI-{-OwWoIg-]
AU ALS SNSUISU0)) SNSUISU0)) (°) aAUomN e pajsay se
SNSUISU0)) 4 4 Suo ° OdiA U ERUNERE | WLIO A 1EDISA NASVD ue)sqns IS,
1940 vdd SHD D oarq uf 10dep A 1edsAyd

LJroaddy umoq-do], € ur ddueULIO)Id A LS deN[BAY 0) PIs() SUEBISANS IS,

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

1-231q¢8L

02



C 11 A103018D) V¢ A103012) %001 ¥6£0°0 pmbry 0-8-96 auojoejoIking
o JJes wnIpos proe
4 1 A103932) 1 £103018D) %001 VN pjos 6-LT-8€9ST | ruomssuoremydenidmg
¢ 11 A1082180 [ A103912) %001 €£90°0 pmbrg TIL-T11 aAJ0so[[o0 [AIng
I 111 A108218) | payisse]) 10N %001 65°1 pmbry -98-€C1 ajejooe [Aing
C [ A&103912D) [ A103218) %001 70’1 pimbrg €-9¢-1L joueng
C 11 A103018D) V¢ K10318) %001 VN pmbrg VN v oodureys Apog
C 1 A1030)8) [ K103912) %001 €0-av1'L pmbr 9-15-001 [oyooye [Azuog
S)Jes wnipos ‘pajeuoyins
€ 1 £103918D 1 L103918D %001 VN pI10S e 6 ‘SOANRALIOP dud[Adoidenay
v0-SPE6T T 5104%0-[] ‘ouozuog
€ 1 A1030)8) [ £103912) %01 VN prIos T 1-671€9 (e01)
0 : OPLIO[YO WINIUOY[BZUSE
€ 1 A1030)e) [ A103912) %001 VN pmbr $-¥$-1008 SPLIO[YO WNIUOY[RZUSY
I 111 A103218) g A103012) %001 91-d8t'y prjos T-TS-¥8Y9 Q)enIU WNIUOWUrY
K10391e Q1JISSB[)) 10 0 -496" 110 -+0- Hes wingpos rowikjodowioy
I Al 18D | PIYISSE[D 10N %001 v0-49S "t prIos L-¥0-€006 p1oe ONAIOY
€ 1 A103018D) [ K103218) %001 YC-AIL'S prIos T-L8-TLYSIT T6 a1 pRY
C 11 103218 V¢ A103018) %001 Tee pmbry 1-%9-L9 U0y
I Al K103018) | payIsse[D) J0N %001 101 pmbrg T-6¥-79S suejuadiAyrowniq-¢°¢
I Al A103218D) | payisse[) J0N %001 67’8 pmbrg vr€-68S QUEXAYIAYIIN-€
K103910 JIJISSE]) 10 [ - : mbr -6¢€- [orpsuedaxd
I Al O | payisse[) 10N %6001 €0-9T6'1 pmbr T-6€-€79 2 -RXOWOIN€
K103918 K10391e 0 -A8L 1[0 -€0- . B%u:xxoﬁ:
I I e) I 0 %001 v0-a8L'S prjos T-€0-011 Ry S
I A1 A108212D) | payIsse[D) JON %001 €0-d€'L pmbrg ¥-69-S79 [o1pauBIUdg-1°T
Mued ALS (D087 edd)
SNSuISU0)) pSTISUISUOD) pSTISUISUOY) >uo UAM\“W u ! INSSAIJ E,.ﬂoam“rw.mm NASVD ue)sqns IS,
1940 vdd SHD D oarq uf 10de A [edskyd

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

93



(0]

z 111 A103218D) | payyIsseD 10N %001 6780°0 pmbry 716901 apejA1oerou [APIoA[D
I Al A103018D) | payisse) JON %001 S0-490'1 pmbry G-18-9S [019941D)
I Al K103012) | PayyIsse[D) JON %001 LO-A1S'6 pmbrg §-09-811 ape[Aorfes [AxYIAyIg
I 111 A108218D) | payIsse[) JON %001 YT pmbry T-S6-8€6€ ae100e JAyrowLy [Apg
C 111 A108218) | payIsse) JON %001 '€l pmbry 9-8L-T¥1 ajejooe [Ayig
91819080190R[A}oW
4 I11 A103938D) qg A108918) %001 S160°0 pmbry €1-609 1199801 M _Mzm
I 1 A1030)8) V¢ K103018) %001 I prbry S-L1-¥9 Joueqy
€ [ A103212) [ A103218) %01 VN p1IoS 9-1L-8€S oprwoiq udydrwoq
I 111 A108018) | payisse[) 10N %001 S1€0°0 pmbrg €-0t-C11 aueddpo
I 111 A103218D) | payIsse) 10N %001 6780°0 pmbr $-89-L9 aprxoj|ns [Ayrouwiq
I Al A103212) | payIsse[D) JON %001 L8T0 pmbry 8-€8-801 auojy [KInqosi
e o 1939 [Adoad
4 111 A10309e) | dg £103938) %001 P0-d8€C pmbry 1-LT-11667 (0048 susyAdosd)iy
) . o 9)eUIdONSOJNS
€ 1 A103932) I A108218D) %01 S1-9€9°1 pos LTLLS | oo ((AxoqiAma-2ia
I A1 A103218) | payIsse[) JON %001 #990°0 pmbry 9-61-679 oprydinstp jAdoid-u-1q
C 11 A1030)8D) q¢ K10391e) %001 LOE0 pmbry €-14-96 Jouejuadojok)
C 111 A103238) | payIsse[) 10N %001 6€5°0 pmbry [-76-801 ouOUEXAYO[IL)
C [ A103218) [ £103018) %001 L80°0 pmbr 0-€6-801 [ouexayo[okD)
o (%01) dprwoiq
€ [ A103338) 1 1030120 %01 VN p1ios 060-LS | wnpmowmurejApounnifio
€ [ 103018 [ A10321) %01 VN prjos 9-vC-¥009 | opuo[yd wniuipLAdif1a)
e o (%01)
3 141033180 1 £1039780 %01 LOALY'E pIos LTLOYT | pruosq wommpuAdin
I 111 A1082180) g¢ K103918) %001 LETO prjos $-T6-6L auaydure)
Mued ALS (D087 edd)
SNSuISU0)) pSTISUISUOD) pSTISUISUOY) >uo UAM\MW u ! INSSAIJ Eaﬂoamww_.mm NASVD ue)sqns IS,
1940 vdd SHD D oarq uf 10de A [edskyd

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

o4



I

I Al A108212) | payisse[) J0N %001 %50 pmbry [-ST-111 opIwioIq [AXOH-U
4 11 A103018D) Vv K103218) %001 LIT°0 pimbrg €-LTTI1 [ouexoH-u
I 111 A1082180) V¢ A103a18) %001 $0-469C prjos 1-7L-T11 [oyoo[e [KASLAy
I Al A103212) | payisse[) J0N %001 9Lt pmbry 1-86-86S 1008 [ApowLn [AYION
I 111 A103218) | payIsse) 10N %001 06'C pmbry 1-01-801 ou0)dy [Anqost (AN
C 111 A103318D) VT A108918) %001 '€l pmbry €-€6-8L _7) suowy [ %hw% w M%Mm
I 111 A105218D) | payIsse[d JON %001 LI pmbry L~LE-96 auejuadojokd [Aylay
z 11 A108018D) V¢ A103012) %001 L¥0°0 pmbry 0-7€-501 ajejeoeouekd Ayl
I 111 A108018) | payIsse[) 10N %001 $S9°0 pmbrg 0-€¥-011 ou0)aY [Auwe [AydN
I 11 A108018D) vV A108218) %001 €0'L pmbry 6-0T-6L a1e100e [AYIN
C 111 A10321e)< [ K108018D) %001 865°0 pmbry L-19-1T1€ 9e[A10€ [AYIOAXOYION
C 1 A1030)8) [ A103912) %001 v0-d1$T prios T-St-801 ourwerp dudjAusyJ-w
I Al A103212) | payisse[) JON %001 VN pmbry VN V uonog
€ [ A10318) [ A103912) %001 S1-d89'1 p1IoS S0TEPIT | 1rvo sunmepowp] bgm
(4 [ A1082180 [ K103912) %001 €0-d18°¢ pmbry $-12-0S proe onoe|
I Al K108212) | poyIsse[D) JON %001 ¥0-d80'1 pmbry 0-LT-011 apeystikw [Kdoxdosy
I Al A103018) | PayIsse[) J0N %001 $'8¢ pmbrg €-9T-SL oprwoiq [Adoxdosy
I 111 A1082180) V¢ K103218) %001 199 pmbrg 0-€9-L9 [oyooje [Kdoxdos]
C [ A1082180) [ A103912) %001 8L'1 pmbr 1-€8-8L [oyoo1e [KInqosy
C 111 £103218) € A108a1e) %001 6'1C pmbry T78-8L [euenqosy
I AlA10891) | payisse]) JON %001 #0200 pmbr 6-TH-0656T 9)e]A108 [£)00-08]
C I A1082180 [ A103912) %001 v0-d8L’S prios 7-7€-88T a[ozepruy
ﬂ“ﬂwmw%% pSTISUISU0) pSIISUISUO0) (%) %W.-NWMM.W_V PISAL se NUSVD JOUBISQNS ISOL
1940 vdd SHD du0) o4 uf 10de uriof [ed1sAyq

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

20



4!

. Y9 |
4 111 A&10303) | vz A103958D %001 €1-94€0°C pIos 0-C6-2006 | £imgy (¢7)ouojAuiohxoAlog
1930 [Auayd pajeuaifys
4 11 A103218D) | payisse[) J0N %001 VN pmbry T-SL-9LEVOT (-1 *-1p ‘-ou
ow) (6] )oUS[AYIdAX0A[0d
9)eIRI)SOSILI} UR)IQ
I Al A103018) | PayIsse[D) J0N %001 VN pIIos 8-8TLOEVS | 106 (091 )ouslkyiofxokiod
J10U19 1Auayd pajejAzu
1 Al 030180 | poIssel) 1N %001 VN PIDIT | 8BEBO69TT| o (o yousripakrofiod
12y30 [Auayd pajeuaifys
€ 111 A103218D) | payIsse[) 10N %001 VN pmbr T-SL9LEVOT (-1 *-Ip “-ou
owr) (€1 )oUQAYIRAX0A[0d
Io130 [AISLIAW
€ 1 A103018) [ A103912) %001 VN pmbrg 0-15-6€¥89 | -1&me[ (G'1)oudjAdordAxo
Kjod (01)9usjAy1oAxoA[od
(0'd09)
I Al K103018) | PayyIsse[D) J0N %001 VN prjos 0-58-88L19 [10 10J5B0 PAJeUF0IpAY|
oud[Ay1ekx0A[0d
o (CO'q 01) SyeIneouow
4 AT A103038D | payIsse|) 10N %001 0 pmbry £-18-v006 (00K BouorAmok[0g
I A1 A103912) | payIsse[D) 10N %001 VN pmbr €-89-TTEST|  00% 109413 dudjAyrakjod
JJes wnIpos
‘proe oruojnsousyeyjydeu
14 11 A103018D) V¢ A103218) %001 VN p1[oS L-6%-0L0881 - pue opAyapjeuLioy
s JowAjod ‘-[Ainq
‘proe oruojnsauareyydeN
A103910 QIJISSB[)) 10 0 : 110 -GQ- YIS
I 11 O | payisse|) 10N %001 70y prIos T-59-86S suprEnSAgioun(-u
I AT A103918) | poLIsse) 10N %001 1690°0 pmbry 1-€8-111 aprwoiq [£100-u
Jueq ALS (D087 edd)
SNSuISU0)) pSTISUISUOD) pSTISUISUOY) >uo UAM\MW u ! INSSAIJ Eaﬂoamww_.mm NASVD ue)sqns IS,
1240 vdd SHD D oarq uf 10dep A 1edisdyg

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

o6



€l

C 111 A1082180) g¢ K103918) %001 60-dET Y prjos €-79-926¢ Bﬁoomos_%mwﬂm
€ [ A103218) [ A108012D %S1 VN prjos €-12-151 Syeyqas [Ame] %w%m
€ 111 A108038) | Y7 A10391e)< %001 €1-90t'C prjos €-1C-1IS1 ajej[ns [AIne| wnipog
€ 1 A103018D) | A103218) %01 1T-4€5°9 p1IoS T-EL-0TET 9pIX0IpAY WNIpog
z 111 A103918) payisse[) 10N %001 VN p1os 6-20-Ces onmobsmoﬁwwﬁwwﬂMMM
C 11 A1030)ED) V¢ A10801e) %001 VN pmbry VN @ oodweyg
z 1T A&103912D V¢ A103918) %001 VN pmbrg VN O oodweys
C 1 A103018) [ A103912) %001 VN pmbrg VN g oodweys
C 11 A103038D) V¢ K103018) %001 VN pmbr VN v oodweys
I 111 A108018) | poyIsse[) 10N %001 VN pmbry VN d osury
I Al A103212) | payisse[) JON %001 VN pmbry VN D osury
¢ 111 A1082180 g A103918) %001 VN pmbry VN g osury
¢ 111 A108018) | poyisse[) 10N %001 VN pmbrg VN V osury
C [ A1080180 [ A103912) %001 86T pmbr 1-98-011 ourpkg
I Al K108212) | payisse[) J0N %001 8¥10°0 pmbr 9-GS-LS [004]3 dus[Adoig
14 11 A103018D) g¢ A103918) %001 081°0 pimbrg €-10-6951 d 1uaajos josedoid
€ 1410808 | 1 Aiofore) %001 0 pios €-£5-8 wwﬁummwwm
4 111 A103218) | payisse]) 10N %001 01-d€6'y prjos 0-81-€¥1 9)L3[0 WNISSLI0d
€ 1 A10391) [ £103918) %01 0 P110S 6-S9-+2101 djeane| winisselod

[10 103S€O pajeuago
1 AT 4103030 | payIsse|) 10N %001 VN pmbry 0-$8-88L19 | 1oy (op)ousikyioxokiog

ﬂ“ﬂwmw%% pSTISUISU0) pSIISUISUO0) (%) %W.-NWMM.W_V PISAL se NUSVD JOUBISQNS ISOL
1940 vdd SHD du0) o4 uf 10de uriof [ed1sAyq

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

o7



14!

“UOIIBOIJISSB[O SNSUISUOD Y} Sk pasn sem (g A103918) SHD 9°1) UOIBOIISSB[O SnopJezey dJow ay (g A10891e) SHD duo pue yg A10391) SHD U0

3°9) WwASAS uoneoIISSe]d prezey 942 (7107 VdH) VdA 10 (11027 N) SHD Y3 1oU312 3uisn snSUISUOd Ou SeM JOU} U AN "SAIPNIS 2IOW IO 0M] JO UOIIROIJISSB[O SNSUISU0D Y|,
“PAINIPUN/JBAU PI)SI) Sem [eLIdjew Suniels oy} ‘9,00 ] 1e PoIsd) sdoueisqns 10, “e1ep N LVHDIN U0 paseq 159} 949 31qqes 9} Ul Po)sd) S UOTIRIIUOU0D oY,

"Iop1dSuIay)) Ul S[qe[IeAE OS[e

a1om swerdoxd aung wAYDSAYJ/ADV Pue ang 144 2y woy ele “(£107/ST/T Pssadoe) /aunswoyosAyd/wayosAydpowpe od/s1onpord/wos sqepoe-mmm//:dny je sjqejreae
a)ng WaYDSAYJ/ADV SABT/ADV 10 (1T "A ‘SMOPUIA  JOSOIIIA I0] 1y S}ING (90FI0IU] SWeIS01d Uonewnsy) [dd VdH 'S’ U} WO paurelqo d1om sanjeA pajorpard
‘dlqe[TeAe Jou 21om sanjea [enjoe J1 ([€107/ST/7 PSS09e] Woo 19pIdswoyo mmm Je d[qe[ieAr) Jopidgway) wolj 10 (€107/S T/ PISSI99.) A0S iU WU}dux0)//:dny Je d[qe[ieAe
‘([ourotpaIN Jo Are1qr [euoneN 'S'N] GASH) Jueq e seoulsqng snopIezeH oY) Sursn punoj o1om sainssard 1odeA 0,57 e s[edsedoyry ur passordxo st amssard rodep

(T 10 [ uey ALS 10 “Al ‘III ‘T A1089)eD) VdH “PAYIsse[D) 10N ‘g VT £10801e) SHD “o'T) saL10301e0

pIezey ou 10 pIezey JY30 [[e wol (¢ Jyuey FLS 10 T A103038) VdH ‘1 A108018) SHO €9°T) SOAISOILIOD IO SJUBILLII 949 91049 UYsIunsIp 0} pasn st yoeordde umop-do) v
2Insodxo awn) Joys = 1S

‘o[qe[TeAE JoU = YN ‘S[eosedo[ry = ey ‘SPOYIOIA QATIBUIOIY JO UOTIBPI[EA o) I0f 19ju0)) asouedef = AV ADE[ ‘S[eoruay)) Jo SuI[[oqe pue UuoTjeoIjISSe[) JO WAISAS
paziuoueH A[[eqO[D SUOEN PajU() = SHD ‘Aouddy uonadjoId [BIUSWUONAUY S () = VdH (KIR100S [ed1WAY)) UBILISWY) JOqUINN ABSIZNY SV = NYSVD SUOHRIAdIQqY

I Al A108018D) | payisse) JON %001 0 pmbry 9-69-5006 08 UM,
C 111 A108218) | poyisse[) 10N %001 0 pmbrg $-¥9-5006 0T ueam [,
C 1 A1030)8) [ A103912) %01 v0-d2€6 pmbr 1-€6-2006 (%01) 001-X UONLL,
€ [ £103918) | K&108318D) %001 0 pmbry 1-€6-2006 001-X UopIL
JreyIns IOy [AIne|
€ 1 103012 [ K&108018) %001 01-90S°C pmbry 9-78-8T0LT (0°¢)ouajhyrakxohjod
surue[ouryaLL ],
I 111 A108018) | payIsse[) 10N %001 LO-AISY pmbrg 9-1L-201 QUIWE[OUBYIOLL,
I 111 A108218) | g7 A10391e)< %001 91'¢ pmbrg €-88-801 auano,
I 111 A103218D) | payIsse) 10N %001 €L9°0 pmbr $-TH-001 ouaIklg
o SpLIOYO W
3 1 A103932) 1 A103938) %01 VN pIos $E0CIT | owmekgoumAieos
z A1 A103218) | poyIsse[) JON %001 SI-AST'1 pmbry T-6€-8€¢€1 9JeINE[OUOW UB)IGIOS
I 1 A103018D) [ A103218) %001 C1-avsy UGN L-1T¥S ajejLor[es wnipog
d1eJ[NS 1Y
€ [ A103218) [ A103210) %001 €1-dLTT pmbry 7-78-7006 | 14me[ (g)ousjAyradxokjod
wnipos
Jueq ALS (D087 edd)
SNSuISU0)) pSTISUISUOD) pSTISUISUOY) >uo UAM\MW u ! INSSAIJ Eaﬂoamww_.mm NASVD ue)sqns IS,
1940 vdd SHD D oarq uf 10de A [edskyd

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

o8



Sl

J[es WwnIposouow pie o1
U0J[NSOUIZUAQ[AYIWAXOIPAY
o pue opAyapewioy
4 11 A103318) 1 K103078D) %001 VN pmbry [-9L-6STS8 i Jowjod 9pes
wWNIposouow -AX0IpAY-9“proe
ooy nsauareyydeN-¢
I Al A103212) | payIsse) JON %001 8'LT pmbry -€8-L01 ouejuadjAyioN-¢
C [ A1080180) [ A103912) %001 6¥1°0 pmbr 0-€S-911 proe oLAINQIAYIOIN-T
4 111 A1082180) g A103918) %001 161°0 pmbry 9-0€-S01 Jouejuad- [-[AYIRIN-T
. 9Je0OZUSq OUTWE[AYJoWIP
K108 - b -20-
I A1 A103018) | palIsse) JON %001 90-dCL'¥y pmbry €-20-S¥TIT d (AxouikuE-g
4 11 A103018D) VT A103918) %001 S¥T0 pmbrg L-9L-01 jouexay-1-[Ayig-g
. o (9181908 2A[0SO[[2D)
I 111 A103218) | payisse[) 10N %001 L6€°0 pmbry 6-S1-111 S1EI008 JAqIOAXOmE-
4 11 103218 V¢ A108a1e) %001 v0-d¥6C pmbry T-80-729 JouetjaAxXo[Azuag-7
I Al K108012) | PayyIsse|) 10N %001 0Z€°0 pmbry 1-91-L¥91 QUAIPLIR(-6°]
I 111 A103218D | payisse[) 10N %001 9'8¢T pmbry L-T-T6S QUAIPLXIH-G*|
I Al A108212) | payIsse[) JON %001 1700 pmbry L7966 auozuaqjAdoxdos-1q-¢* |
4 11 A103018D) V¢ K103218) %001 TET0'0 pmbry S-L8-111 [oueQ-1
I Al A103218) | paIsse) 10N %001 9LT°0 pmbry 8-86-S€1 ouozuaq [Adoxd[AyIoN-1
j[es Jouul ‘-[AyjowuIp
4 1 A1030)8D) [ A103012) %001 123911 pmbry L-9L-L61€T1 | -N'N-(JAdoxdogins-¢-Axo01pAy
-7)-N ‘WnIuIueueddpo - |
I AT A103918) | PaIsse[D) 10N %001 ¥91°0 pmbry 6-8L-0%69 auBINGOIO[YO-{-0WoIg- |
AU ALS SNSUISU0)) SNSUISU0)) (%) o(DoST B PASIL
SNSUISU0)) P P >uo N OdIA U ERVNERE | S uLIO NASVD Auelsqng IS,
[e1AQ vdid SHO D ouA M Jodep [ed1sAy g

99

Joroaddy dn-uropog e ur sdueurLIofdg LS eN[BAT 0) PIs() SIdULBISqNS IS, -7 Al9e L

*(sanoy g uey) ssof ur SuLIed[d $}OYS [eWIIUI) AT A103918) V JH 10 PalIsse[) JON SHD 03 Jud[eAInba 9q 03 paIopIsuoo sem [ Jo juel g 1S ue pue (][] 1o ] A108918)
Vdd 10 g7 10 vz £103918) SHD “9°1) JUBILLIL 943 P[IW 0} 9JeIOPOW B PAIIPISUOD SBM T JO quel F .S Uk (] A108918) VdH 10 | £103318) SHD 9°1) SAISOLIOD JO JUBILLIL JAJ QI9AS
© PAIOPISUOD Sem ¢ JO yuel 1S Ue Jey) yons (7107 VI PUe 1107 N “9'1) piezey 942 Jo uonesyisse[do ydd 1o SHO 2y} 0 pjenba a1om uoneiodio) oey Woij sa109s Juel J1S

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS



91

(4 1 A1030)8D) [ A103018) %001 €0-90C' ¥ P1[OS 9-86-€6LS aje[0dA[Sory) wnidfe)
4 11 A1030)8D) V¢ K103018) %001 ¥6£0°0 pmbry 0-8%-96 auojoejoIking
z 141000 | [ Aw05oreD) %001 VN pioS 6-L1-8£95¢ oy nsousdAng
C 11 A103018D) [ A103912) %001 €€90°0 pmbry TILTI1 9A]0s0[[00 [Aing
I 111 A108218) | PayIsse[D) J0N %001 $65°1 pmbry -98-€T1 ajeseoe JAng
4 [ A103218) [ A103018) %001 70’1 pmbry €-9¢-1L Joueng
4 11 A103218D) V¢ A103218) %001 VN pmbrg VN v oodureys Apog
4 1 A103018D) | A103218) %001 €0-ar1'L pmbrg 9-15-001 Joyoo[e [Azuog
S)Tes WNIPOs ‘pPajeuoyns
€ 1 £103918D) 1 A103918) %001 VN pI10S 6-70-SYE611 ‘soAreALIop susjAdoidene)
‘-S1gAX0-,[‘] ‘Quozuog
€ 1 A1030)8) [ A103012) %01 VN p1[oS T-17-6v7€9 (%01)
9PLIOTYO WINIuoy[eZudg
€ 1 A103018) I A103218) %001 VN pmbrg S-#S-1008 9PLIO[YO WNIUOY[EZUSY
I 111 A1032180) g¢ L1031 %001 91-d8t't prios T-TS¥8+9 9)eNIU WNIUOWW Y
. jJes wnipos
I AL A103998D | PayIsse|) 10N %001 ¥0-49S°t poS L¥0-€006 romAjodowmoy proe SALY
€ [ A10338) [ K103012) %001 vCAIL'S p1oS T-L8-TLYSI T6 pa1 pOY
4 11 A&103992) V¢ A103018) %001 Tee pmbry 1-¥9-L9 U030y
4 [ A108218) [ A103912) %01 67T pmbry L-61-19 p1oe onooy
I Al A103212) | payIsse) JON %001 101 pmbry T-61-79§ ouejuadjAyownq-¢‘¢
I Al A103318) | payIsse) JON %001 67’8 pmbrg 71€-68S QUBXAYAYION-€
I Al A103918) | payIsse]) JON %001 €0-926'1 pmbry T-6£-€79 [orpauedord-z*1-AXOyIoN-€
I 1 A1030)8D) [ A103012) %001 ¥0-A8LS P1[OS T-€0-011 Jorpauexay-¢ Z-JAylowig-¢ g
I Al A103018) | payIsse[) 10N %001 €0-dE'L pmbry #-69-579 [orpaueuad-C
I II1 A&103212) | poyIsse[) 0N %001 €10 pmbry $-79-0L6€ Joueuad-¢-[Aypoun-¢‘g
mﬁﬂﬂwmw—m—% pSTISUISUOD) pSTISUISUOD) (%) ._Awn%mwwhnw_v mMoh_ww%,m NASVD ueisqns IS,
[e1A0 vdd SHD 0D oaiA ur Jodep [ed1sAyq

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

60



L1

4 111 A108218) | PayIsse[D) I0N %001 '€l pmbry 9-8L-1¥1 ae308 JAYY

4 111 A1030180) q¢ K10391e) %001 S160°0 pmbr €-¥1-609 ae1e0e0j0B[AYIoW-7 [Ag

I 1 A103018) V¢ A103218) %001 s pmbrg S-L1-¥9 Joueyy

€ 1 A103018D) [ A103212) %01 VN p1[oS 9-1L-8€S oprwoiq udydrwoq

I 111 A10801) | PAIsSeD 10N %001 S1€0°0 pmbry €-0b-C11 aueddpo
e . 9pLIO[Yd

4 1 A103018D) [ A10321D) %001 SI-95S°C pIOS T¥9-L01 WU e AT} IATEOISICT

I 111 A103218D | payisse[) 10N %001 6780°0 pmbry -89-L9 oprxo[ns JAyrowI(y

I Al A103318) | payIsse) JON %001 L8T0 pmbrg 8-€8-801 su03ay [AInqosng

4 1 A1030)8) | A103018) %001 £€980°0 pmbry 8-L€-001 aurwe[oueyRAYAI

) . o oo

4 11 £103318) | dg A103918) %001 v0-48€°C pmbry I-LTTI66T | cdoxd (j0ok|S ouoridordyiqy

- . e 91BUIOINSOJ NS

3 1 103330 1 K103072D %01 SI-AEY' pos LTI-LLS wWpos (AXSqARE-DIA

I Al A103918) | palIsse) JON %001 #9900 pmbry 9-61-629 oprydinstp jAdoid-u-1q

4 11 A103218) g A10391e) %001 LOE pmbry €-1%-96 [ouejuado]oh)

14 111 A103218D | payisse]) 10N %001 6€S pmbry 1-¥6-801 auoUEXaYO[IL)

4 [ A103218D I A&108218) %001 9980°0 pmbry 0-€6-801 Jouexayo[oA)
e (%01) oproiq

3 1 A103912) 1 £103318) %01 VN pIOS 0-60-LS O AU A1)
e dprwoiq

€ 14103330 [ A103032D %01 VN pIoS 0-60-LS wnuomE ApaWIn A1)

€ 1 A103018) [ A103912) %01 VN prjos 9-%2-%009 opuio[yd wniuipLAdifia)

€ 1 A103018D) I A103218) %01 LO-ALY'€ p1[oS L-TL-0¥1 oprwoiq wnrurpAdifie)
o ApLIO[Yd

4 1 A103932) 1 £1033180) %S VN pmbry L-20Tl1 R ————

I 111 A1082180) g¢ A103218) %001 LETO p1OS S-T676L oudyduwre)

AUEd ALS SNSUISU0)) SNSUISU0)) (°%) o(DoST B PAISIL
SNSUISU0)) P P Juo d odiA U ansSAIg SB uLI0q NASVD ueisqns IS,
[e1A0 vdd SHD D ouA Ul Jodep [ed1sAyq

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

61



81

I Al A103212) | payIsse[) JON %001 9LY pmbry 1-86-86S ajejooe [AyiowLy [KyoN
I 111 A103218D | payisse]) 10N %001 06'C pmbry 1-01-801 ou03aY [AINqost [AYIOIA
4 111 A1038D) |y A10391e) %001 '€l pmbry €-€6-8L -7) suopy | bmo: w M%Mm
I 111 A103218D | payisse]) 10N %001 8Ll pmbry L-LE-96 auejuadojokd Aoy
C 11 A103018) v £103218) %001 69¥0°0 pmbr 0-€-S01 arepaoeouehd AR
I 11T A108218) | PayIsse[D) J0N %001 $S9°0 pmbry 0-€¥-011 o0y [Auwe [AyRN
I 11 A108018D) V¢ A10301e) %001 €0°L pmbry 6-0T-6L aeleoe [KoN
4 111 A103018)< | K103218D) %001 8650 pmbr L-19-1T1¢ ajejA108 [AYIAXOYIoIN
4 [ A108218) [ A10321) %001 Y0-415°C N T-S¥-801 ourwerp sudjAusyJ-w
I Al A103212) | payIsse[) JON %001 VN pmbry VN v uonog
€ [ A103018) [ A103918D) %001 S1-d89'1 p1I0S S-0Z-€¥91 opIx0 surwe[AyjeuwIp[Ame|
4 I1 &1039e)< | YT A10891e)< %001 60-d€1°C N L-LO-€¥1 p1oe oLme|
4 1 A1030)8) [ K103912) %001 €0-d18°€ pmbry §-12-0S proe onoe|
I Al A103018) | payIsse) JON %001 ¥0-d801° pmbrg 0-LT-011 ayeysukwr [Adordosy
I Al A108218) | payIsse[) JON %001 $'8¢C pmbry €-9C-SL oprwoiq [Adoxdosy
I 111 A108018) | Y7 A103018) %001 199 pmbry 0-€9-L9 Joyoo[e jAdoxdos]
4 I A103018) [ A103918D) %001 8L'T pmbry 1-€8-8L [oyod]e [Anqos]
4 111 A&103912D) g A103918) %001 61T pmbry T¥8-8L [eueInqosy
I Al A103212) | payIsse[) JON %001 ¥020°0 pmbry 6-T-0656C ae[K1oe [K100-05]
4 [ A103018) [ A103018D) %001 Y0-d8L’S p1I0S #-7€-88C o[ozepru|
4 111 A108238) | payisse]) 10N %001 6780°0 pmbry 167901 arejA1oeyiow [Ap1oA1H
I Al A103212) | payIsse[) JON %001 $0-990°1 pmbry -18-9S 10100410
I Al A103018D) | payIsse[D) 10N %001 LO-A1S°6 pmbry §-09-811 are[Aoryes [AxayAyig
I 111 A108218D | payisse]) 10N %001 0rT'T pmbry T-$6-8€6€ a1e100e JAyIewLy [Ag
mﬁ—“”wmw—%mum pSTISUISUOD) pSTISUISUOD) (%) ._ANAW%M.WC mwﬂ-ww%,m NASVD ueisqns IS,
[e1A0 vdd SHD 0D oaiA ur Jodep [ed1sAyq

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

62



61

9)eJed)SOSIL) U

I ATA103318D | payIsse[) JON %001 VN pI[oS 8-8T-TOEYS | g11q108 (091 )OUOIAYIOAXOK[0g
J19U39 1Auayd paje
I Al A108212) | payIsse) JON %001 VN pmbr 8-8T866911 | ¢ uaquy ( Evowo_meomam_o h
1230 [Auayd payeuaakys(
€ 111 A108218) | PayIsse[D) J0N %001 VN pmbr T-SL-9LEVOL -1 “-1p
‘-ouowr) (€1 )ouo[AYIoAX0A[0d
10130 [AISLIAW
€ 1 A1030)8D) [ A103018) %001 VN pmbrg 0-15-6£+89 -[Amey (g'1)ousjAdoid
Kx0A10d ((1)u9JAyI0AX0AI0g
(0'd09)
I Al A103212) | payIsse|) JON %001 VN prjos 0-58-88L19 [10 101580 pajeuaSoIpAy
uUQAYIeLx0A[0d
o (CO'q 01) SreIneouow
4 Al A103218) | payIsse) JON %001 0 pmbr €-18-7006 00K |BouslAqI0KI04
I AT A103918) | PAISse[) JON %001 VN prbry €-89-TTEST 001 109413 duaAyrakjod
JJes wnIpos
‘proe owojnsauspeyiydeu
4 11 A103918D VT A10391e) %001 VN prjos L-6%-0L0881 - pue dpAyop[euLIoy
s JowAod ‘-[Ammq
‘proe oruoynsaudreyydeN
A103918 QIJISSB[)) 10 0 : 110 -CO- LIS
I 111 18D | PayISsE[) 10N %001 7 SN T-59-86S supmEnSAgioun(-u
I Al A103218D) | payIsse[D) 10N %001 1690°0 pmbr [-€8-111 oprwolq [£100-u
I Al A103018) | payIsse) JON %001 150 pmbry 1-ST-111 oprwoiq [AXoH-u
C 11 103218 V¢ A108a12) %001 LIT°0 pmbry €-LT 111 JoUBXoH-U
4 111 A108218D g¢ K103918) %001 vyl pmbr 8-TL-€TI Jeueing-u
I II1 A108018) | VT A108018) %001 §0-969°C P1[OS 1-TL-TI1 [oyoore [KISLAN
mﬁﬂﬂwmw—%w pSTISUISU0) pSTISUISU0) (%) o(DoST B PAISIL
D U0 0414 U] ERVNERE | S uLIO NJASVD due)sqng IS,
[e1A0 vdd SHD : Jodep [ed1sAyq

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

63



0¢

4 11 A103018D) vV A103918) %001 VN pmbrg VN O oodwreys
14 I A&103018) | K103018) %001 VN pmbr VN g ooduwreyg
4 11 A103218D) V' A103918) %001 VN pmbry VN v oodureys
I 111 A108218) | PayIsse[D) J0N %001 VN pmbry VN d osury
I Al A103218D) | payIsse[D) 10N %001 VN pmbr VN D asury
4 111 A1082180 g A103918) %001 VN pmbry VN g osury
4 111 A108218) | PayIsse[D) J0N %001 VN pmbry VN V osury
SOpLIO[Yd ‘[AyowIplAy[e
4 1 A1030)8D) [ A103012) %01 VN prjos $-96-01689 -G1-Z1D-1p ‘spunoduiod
wnuowwe Areuidien)
SOpLIOY ‘[Ay1owIplAN[e
4 1 A103018) [ K103012) %I VN prIos 1-$8-¥Ct89 -91-71D-1Azuaq ‘spunoduwiod
wnIuowue AreuIdyeng)
4 1 A1030)8) | A&108218) %001 8S°C pmbry 1-98-011 ourpLkyg
I Al K103212) | PayIsse) 10N %001 871070 pmbry 9-66-LS [00A]3 oudjAdoig
z 11 A103218) g A10391e) %001 081°0 pmbry €-10-69S 1 d 1udafos josedoig
€ [ A1030)8D) | A&108218) %001 0 prjos €-€€-8S 9OPLIO[YI0IPAY SUIZEYIAWOI]
¢ 111 A103218) | payisse[) J0N %001 01-d€6'Y prjos 0-8T1-€¥1 91BI[0 WNISSLIOJ
€ 1 A1030)8) [ £103912) %01 0 prIos 6-S9-¥C101 dJeINE| WNISSLIOJ
K1039)e J1JISSE])) 10 0 mbr -G8- 110 103580 poyeu
I Al 18D | PIYISSE[D 10N %6001 VN pmbry 0-$8-88L19 | 450104y (o1)ousAyokxokiog
4 111 A&103932D) V¢ A10301e) %001 €1-9€0°C p1os 0-26-2006 o
0 : 19 [AIme] (§7)ouoAYIoAX0A[0]
— - o urure Moj[e; pajeu
€ 1 A1039e)< | v £103918)< %001 VN prjos L-T806LI9 | 480104y (g7)ouslkyiokxokiog
1930 [Auayd pajeuaifys
4 I1 A108018) | payIsse) JON %001 VN pmbrg T-SL-9LEYOT (-1 -1p
‘-ouowr) ([ )USAYIoLx0A[0d
AUEd ALS SNSUISU0)) SNSUISU0)) (°%) o(DoST B PASIL
SNSUISU0)) P P Juo > odiA U ansSAId SB uLI0q NASVD ueisqns IS,
[e1A0 vdd SHD D ouA Ul Jodep [ed1sAyq

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

64



Ic

‘omsodxo own J10ys = 1S

‘9]qe[IeAe Jou = YN ‘S[eosedo[ry] = ey ‘SPOYIRIAl QAIBUISIY JO UOLEPI[EA Y} 10J I9jua)) asouedel = NV ADe[ ‘S[eonuoy)) Jo SuI[[oqe] pue uoneslyisse) Jo wojskg
paziuouLre AJ[eqo[D) SUOEN PAIIUN = SHD ‘AOUSSY U0NII01] [BIUSWUONAUT “S') = VdH (A191008 [eO1UAYD) UBdLIOWY) (IdqUInN ANSIZSY SV = NASVD SUOHBIAAIGQY

I 11 103058 | poysse[) JON %001 €880 pmbry L-0T-0€€T audlAY
I Al K10821) | PayIsse) 10N %001 0 pmbry 9-69-5006 08 UM,
4 111 A103218) | payisse]) 10N %001 0 pmbry $-¥9-5006 0T UM,
€ [ A103212) [ A10321D) %001 0 pmbry 1-€6-2006 001-X UONLL,
d1eJ[NS IAYId
€ 1 A103018D) I A103218) %001 01-40S°C pmbrg 9-78-8T0LT JAmey (0 ¢)oudjAyiehxoLjod
surue[ouryaLL],
I 111 A103218D | payisse]) 10N %001 LOEISY pmbry 9-1L-201 QUIIBJOUBYIOLL],
I 111 A108218) | g7 A108018)< %001 091°¢ pmbry €-88-801 auano,
z 11 A103918D)< vz A108918D)< %001 VN p110S VN 10)S0 pIoe A)3eJ 9s01ong
I 111 A103218D | payisse]) 10N %001 €L9°0 pmbry $-TH-001 ouaIklg
e 9pLIO[Yd
€ [ A103918) [ A103912) %01 VN pIOS 8-€0-CI1 WO Ay ATeo)
4 A1 A103018) | PayIsse[) 10N %001 ST-AST'1 pmbry T-6€-8€€1 9JeINE[OUOW UB)IGIOS
I [ A&103018) [ K103018) %001 C1-ar8'y p10S L-1T¥S ajeAor|es wnIpog
. el JrejIns JoyIe [AIne|
€ 1 A103992) 1 £103218D) %001 €1-4LTT pmbry -8-%006 (¢)oustApofxok[od wnipog
4 111 A108218) g A103918) %001 60-9ET'Y p1[os €-79-976€ 91819980I0[(O0UOW WNIPOS
€ 1 A103018) [ K103012) %S 1 VN prIos €-12-1S1 (%S 1) @ey[ns jAme| wnipog
€ 111 A108018) | VT A108018D< %001 €1-d0t'C prjos €-12-16S1 ajej[ns [AIne| wnipog
€ 1 A103018D) [ A103212) %01 TT-AES9 prjos T-EL01€El 9pIX0IpAY WNIpog
o djeuojnsausreyjydeu
4 111 £103918) | payIsse[) JON %001 VN p1os $-20-TES _Z umIpog
4 11 A103218D) VT A103218) %001 VN pmbry VN @ ooduweys
AU ALS SNSUISU0)) SNSUISU0)) (°%) ._Gomm edy) PAASIL
SNSUISU0)) P P Juo > odiA U ansSAIg SB uLI0q NASVD ueisqns IS,
[e1A0 vdd SHD D ouA Ul Jodep [ed1sAyq

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

65



C

4 11 A108018) | v A10393e) %001 20-909¥'C | Ppmbry Al L-9L-%01 [ouexay- [-[A-T

) . ) o (9183998 9A[0S0[[2)))

I I11 A10321e) | payIsse[d J0N %001 10-90L6°€ | pmbrT Al 6-ST-111 S1E1008 [AIOAXORET

4 11 k10398 | v A108a1e) %001 v0-40¥6'C | Pmbry Tl 7-80-729 Joue1aAx0[AZusg-7

I AT A103218) | poIsse[d JON %001 10-400T°€ pmbry Tl 1-91-L¥91 QUIPEOI(-6°T

I Al A10391eD) | poyIsse[o 10N %001 20-4001% | Ppmbry Tl L-79-66 oudzuaqjAdordost-1q-¢

4 11 A10391eD) | vy A108a18) %001 20-90TE'1 pmbr Tl G-L8-T11 [oueQ-1

I Al K103218) | poyIsse|d JON %001 10-H09L'1 pmbr Al 8-86-S€1 auazuaq [Adord|AypoN-|

j[es Jouul -[Aypowip

C 1 A103018D) | A103218) Jeou 12-4091°1 pmbry Tl L-9L-L61ET -N‘N-(14doxdogns-¢-Ax01pAy

-7)-N ‘wnuueueddpo-|

I Al A108212) | PayIsse]d JON %001 10-40%9'1 pmbry Tl 6-8L-0169 aUEINGOIO[YO-{-OuoIg-

AUEH HLS ,Snsudsuo) ,SNsSudsu0) (%) 22657 PaIsaL,
SNSUISU0)) puoD e S WLIo Jurewoq -
org | WLVIDIN | INLVADIN | Gy | aamssaag | Seiod | gy | NUSYD ans
INVADEr ILVADIN Jodep ’

urewoq Anpqednddy paugaq ay) unpipy yaeoaddy dn-urojog e ur duewiofdd H LS 9IeN[eAY 0) PIs() SIIUBISYNS IS,

‘(sanoy g uey} ss9f ur JuLred[d $)o4Jd [ewiruiw) A A1039e) Y JH 10 payIsse]) JON SHD 01 Jud[eAnba 9q 03 paIopIsuod sem [ Jo juel g 1S ue pue {(I[] Jo | A103918)
VdH 10 g 10 Y7 A103312) SHD “9°'T) JUBILLIL 943 P[IW 0] 2JRIOPOUW B PAIOPISUOD Sem 7 JO uel F .S Ue (] A103918) Y dH 10 | £103918) SHD 9'T) QAISOLIOD JO JUBILLIT JKJ QJOADS
© POIOPISUOD SeM ¢ JO Suel g 1S Ue jey) yons (7102 V4 PUe 1107 NN o'T) pIezey 949 Jo uoneonyisse[d Vdd 10 SHO 9y} 03 pajenbo a1om uonjerodio)) oes] woy sa109s Juel 1S
"UOTJBOTJISSE[O SNSUASUOD oY) Sk pasn sem (g £103918) SHO "9'T) UONEBIIJISSE[O SnopIezey a1ow ay) ‘(g £103918) SHO duo pue yg £108918) SHO U0
¢8°0) wA)SAS uoneOIISSE[d pIezey 249 (7107 VdA) VA 10 (1102 NN) SHD 22U} I9()10 Sulsn SNSUSSUOD OU SEM I3} U AN "SOIPNIS AIOW JO 0M] JO UONBOIJISSE[O SNSUISUOD oY,

“POIN[IPUN/JBAU PIJS) Sea [BLIDJEW SUILIRIS Y3 ‘0,00 | I8 PoISa) saouelsqns Jo,] “ejep ALVHIDIN UO Paseq 1S9} 249 J1qqel U} Ul Pajsa) S UOIRIUIOU0d Sy ],

*1op1dSWaY) Ul A[qE[TEA. OS[e

a1om sweidoid 93ng woy)sAYJ/JDV Pue aung [d oy woy ere "(€107/ST/T Passaoor) /arnswayosAyd /woyosAyd jowpe od/syonpoid oo sqerpoe mma//:dyy je ojqereae
ayng WAYDSAYJ/ADV SABT/AIV 10 (11 "A ‘SMOPUIA (JOSOIDIA 10F 15 9HNS (908J10)U] SteIS01d UoNeWnsH) [dH VdH 'S’ 9Y} WO Paure)qo d1om sanes pajorpard
‘d[qe[TeAe Jou a1oMm sanjeA [emyoe JT ([€107/ST/C PAsSeooe] woo 1opidswoyo mmm Je d[qe[reAr) Jopidswoy) wol 10 (¢107/S T/ PASSed0r) A0S Yruwuiauxo)//:dny je o[qefreAe
‘([suroIpa Jo Areiqry reuoneN S'N] ,AASH) Jueqd el sodueISqNG SNOPIEZEH dY} Suisn punoy d1om samssaid 1ode 0,57 18 sjeasedo[ny ur passaidxa st aunssaid Jodep

(¢ pue g yuey LS 10 III ‘11 ‘T A10521e) Vdd dC V¢ ‘T K10591e) SHO “o°1) sa11050)e0
PpIezey JOUI0 [[e WO | uey LS Pue (SINOY ¢ ULy} SSI] Ul SULIBI[O S1091J0 [ewturun) AJ £10391) Y dH 10 PayIsse[) I0N SHO ysm3unsip o3 pasn st yoeordde dn-wiopoq v

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

€-C 3198 L

66



€C

I 111 A103218) | payisse[do JoN %001 00+dL8S'T |  pmbr Tl #-98-€C1 ajeleoe [Aing
z 1 A103018D) I A103218) %001 00+40%0°1 pmbr 1 €-9¢-1L Joueing
14 1 L&1039e) | Y A10395e) 001 VN pmbr 1 VN v oodureys Apog
C [ A103918) [ A103210) %001 €0-90%1°L | Ppmbr Tl 9-15-001 [oyooe [Azuog
SJ[es WNIPOS ‘pajeuoy[ns
€ 1 £103918) I A103918D jBQU VN P1IOS 4 6-70-S¥€611 “sALIop dudjAdoidena
‘-S1GAX0-,[ ‘] ‘ouozudg
€ [ A103012) I A1032180) 01 VN prjos 4 TI-6v€9 (%01) opLIO[yd WnIuoY[eZUSg
€ 1 A1030)8D) [ A103210) %001 VN pmbry Tl $-¥$-1008 9PLIOTYO WNIUOY[EZUSY
A1039710 SIJISSBIO 10 BOU - : 1[0 -+0- }[ES Wnipos
I Al 18D | PAYISSEd JON v ¥0-409S ¥ p1[0S 14 L-%0-€006 sowAjodowoy pioe oAy
€ [ A103212) [ A&108218) %001 YT-HOIL'S p1IoS I T-L8-TLYST T6 Pa1 pOY
I AL A103218D) | PayIsse[d J0N %001 €0-40T6°1 pmbr 1 T-6€-€79 [orpauedord-z‘[-AxOyIQN-¢
I AT K103218) | PAyIsSe]d JON %001 €0-400€°L pmbr Tl -69-S79 [oIpaueIuag-1°C
I I11 A10391e) | PayIsse[d 10N %001 10-40€1'y | pmbry Al $-79-0L6€ [oujuad-¢-jAyrounq-zg
J[es wniposouow pre
OIUOJ[NSAUOZU[AYIOWAXOIPAY
Z 11 A103918) 1 K103918) jeqU VN pmbr 1 1-9.-SSTS8 pue apAyapeurio} s 1owkjod
9Jes WNIPOSOUOW -AX0IPAY
-9‘proe oruojnsaudreyiydeN-¢
C 1 A1030)8) [ K103912) %001 10-306¢"1 pmbry Tl 0-€S-911 proe oLkINqIAYION-T
C I11 A&108018) | g A1080)8) %001 10-4016°'1 pmbrg Tl 9-0€-501 Joueuad--[APAIN-T
K103910 QIJISSB[O 10 [ - : mbr ¢ -70- Keozliaq
I Al D | PayIssed 0N %001 90-40TL'% | Ppmbrg 1 €-20-S¥T1T ourmerApyounp-d [AXeqI -7
AUEd LS SNSUISU0)) SNSUISU0) (%) 2(2:5T paIsdL,
SNSUISU0)) 2 2 pU0D eddl) Se wLIo Jurewoq souE)sqn
[TEZEX0) E*MM—WHZ EHHMMWHZ oarq uy anssaa g - NEM ddy NUSVO ans
INVADEr ILVADIN Jodep ’

JUWNIO(J MI1AY AdvWUNG 2NSOAXT dUIL] 1IOYS

67



144

I 111 A108218D | poyIsse[o 10N %001 20-90ST1°€ pmbry 1 €-0%-C11 aueddpo
z 1Ai050) | [Aw0SwD | %001 | SI-H0SST | Puos al Th9-L01 N S S
I 111 A103218D | PayyIsse[o 10N %001 20-9062'8 pmbry Tl $-89-L9 aprxoj|ns [Aypowiq
I Al A103218) | poIsse|d JON %001 10-40L8'C | pmbry Tl 8-€8-801 ouojay [Anqosiq
z 1 A103038D) [ A103218) %001 20-90€9'8 pmbry Tl 8-L€-001 ouIwe[oueyIRAYAL

. ‘ heeligke)
4 11 A103338) | g A103938) %001 ¥0-408€'C |  pmbr] A 1-LT1166T 1£doid (j0oK13 ouskdoxd)iqy
3 [ A108318) [ESEER) %01 SI-H0€9'1 pIjos Tl LTI-LLS wnpos (| %M%MMM%M
I Al A10391eD) | poyIsse[o 10N %001 20-90%9'9 | pmbry Tl 9-61-629 aprydinstp jAdoxd-u-1q
C I1 4108218 | g A103018) %001 10-40L0°€ pmbr Tl €-1%-96 Jouejuadojok)
¢ 111 A10321e) | payIsse[d 0N %001 10-406€'S | pmbry Tl 1-76-801 auouExayO[L)
C [ A103212) | A10321) %001 20-4099'8 pmbr Tl 0-€6-801 Jouexayo]oh)
14 1 A103218D) | A103218) %001 €0-400C't p1[oS I 9-86-€6LS aje[0oK[Fory) wnid[e)
€ 1 41039380 1 £103318D) %01 VN pIjos ¢ 0760-LS Ea:oaammmwﬂwmww
€ 1 A103018D) [ A103912) %01 VN prjos 4 9-T-+009 apuIofyo wniuipukdiA1)
€ 1 A103018) [ A103912) %01 LO-H0LY' € prIos C L-TL-0¥1 (%01) aprwoiq wniurpukdifia)
4 I1A108018) | v A10393e) %001 20-d0¥6'€ pmbr Tl 0-8%-96 ouojoejoIking
¢ [ A103012) [ A1032180) 1edu VN pios 4 6-L1-8€9ST piow oaor:moﬁ_swm%mwﬁm
C 11 A103218D) | A103218) %001 20-90€€'9 | pmbrg 1 TILTIT 9A[0sO[[00 [Aing

W:MMW-WW%% L,SNsuIsSu0) ,SNSUISU0) M._\%U ummv_cmvu PIISAL, urewoq
TEEIY) WLVADIN | WLVADIN LI amssong | TR | g4y NASVD dueisqng
IWVADEL vad "SHO WLVEDIN | dodey | 1%4%04d

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

68



194

I Al K10301D) | payIsse[d JON %001 00+d09Lt | pmbr 1 1-86-86S a1e3008 JAIowLy JAYION
I 111 A103218D | payIsse[d 0N %001 00+d006'C | Pmbry Tl 1-01-801 ou03aY [AINQOST [AYION
C I1A108018) | v A10303e) %001 20-9069t | Ppmbr Tl 0-7€-501 ajejeoeouekd AN
I 111 A103912) | PAYIsse]d JON %001 10-405S°9 pmbr Tl 0-€v-011 ouo1y [Awe [AyoN
14 111 A108018D< | | A103038)) %001 10-9086'S | pmbry Al L-19-1T1¢€ e[A108 [AYIOAXOYION
z I A&103212) [ A103218) %001 ¥0-4015°C p1os I T-SP-801 aurwerp audAuayJ-w
I Al A103018D) | payIsse[o JON 001 VN pmbr 1 VN V uonog
€ 1 A103018) [ A103912) Jeou S1-4089'1 p1jos C §-0T-€¥91 opIxo surwe[Ayowplhme]
z 11 A10821)2 bowm.wﬁm yeau 60-H0€1°T |  PUOS Tl L-LO-EPT proe oumey
C 1 A103018D) [ A103912) %001 €0-9018'¢ | pmbry Tl $-12-0S proe onoe|
I AT A103218) | poIIssE|d JON %001 £0-4080°1 pmbr A 0-LT-011 yeysikur [Adoxdosy
4 I A&103212) [ A10321) %001 00+408L'1 pmbry 1 1-€8-8L [oyoo[e [A1nqos]
I AL A103212D) | PayIsse[d 0N %001 20-30t0°C pmbry 1 6-TH-065S6T 9)e]A108 [£)00-08]
4 [ A103018) [ A&108218) %001 70-d08L’S prjos I -7€-88C ojozeprui|
C 111 A103218D | payIsse[d 0N %001 20-9067°'8 | pmbr Tl 167901 aje[Kroerow [APIok[D
I Al K10391eD) | poyIsse[o 10N %001 $0-9090'1 pmbry Al $-18-9S (RERINIS)
I Al A103218) | poyIsse|d JON %001 L0-901S'6 | Ppmbr Al 6-09-811 ae[Aorfes [AxoyIAyy
I 111 A103212) | payIsse]d JON %001 00+d0vC'C | pmbry Tl T-S6-8€6€ ajejooe [Aypowrty) [Ayg
z 111 A10838) | g K103018D) %001 20-90S1°6 | pmbry Tl €-¥1-609 9jejooe0j00r|AYIOW-T [Ag
€ 1 A103018D) | A103218) %01 VN pI[os Al 9-1L-8€S oprwoiq udydrwoq
W:MMW-WW%% L,SNsuIsSu0) ,SNSUISU0) M._\%U ummv_cmvu PIIsdL, urewoq
TEEIY) WLVADIN | WLVADIN LI omssong | TR | g4y NASVD dueisqng
IWVAD®r “vdd "SHO WLVIDIN | dodey | 1%S4Ud

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

69



9¢

z 111 A&108018) | VT A108018) 1eau €1-90€0°C p1[oS 14 0-76-7006 | Toyd JAme] (£7)oud]Ay1okxokjoq
— \44 p oL duIwe Mo[[el po
¢ 11 A305218)2 K103918D)< oot VN PHOS cl L7C806L19 18U 0IPAY (()7)OUSAYIOAXOA[0]
) o 1230 [Auayd pajeuarkys(-1y ¢
4 11 A103938) | payIsse|d 10N Jeau VN pmbry A TSLILEYOL | iy < ouowm) (g1)ousiiyiakxokiog
K103918 QITSSBIO 10 BOU 110 ¢ -Q7- OVEIEQISOSTY
I Al 12D | PIYISSEIO 10N ) VN prios Tl 8-8TTOEVS | 1 tpyiquos (091 )ouolAyIoAx0K[0g
) oo Iopo [Auayd p
I ATA103998) | POyISsE[d JON yeau VN pmbry A 8-8T866911 | 411 zu0quy (4])ouolAYIOAXOK[0G
. o 1230 [Auayd pajeuatfys(-1y ¢
€ I11 103210 | PAYIsse[d JON 1edu VN pmbry Tl TSLILEYOL | iy < quowm) (¢1)ousjkyiohxokiog
. o 109 [AsuAw-[Ame] (61 )oualAd
€ [ A103918D I A103218) 1eau VN pmbry Tl 0-TS-6€789 | 4 1dkxok10d (0] JoudlAq1oAx0K[0g
o (0'd09) [1O I03s€d
! Al A103318D | payjIsse[d 10N %001 VN pIjos 4 0-8-88L19 paTEUaSOIPAY SUATIOAXOK[0g
4 AI A103218) | PayISse[d JON %001 00+3000°0 | Pmbry Tl €-18-¥006 o o1)
: 0 o ojenejouow [09A[3oUSAYIA[0]
I Al A103918D) | polyIsse[o 10N %001 VN pmbry Tl €-89-7TEST 00t 109413 suajAyiekjod
I 111 A103918D | PAYIsSe]d 10N %001 00+d0%0'¥ prjos I 7-59-865 ajej[ns suIpruengiAylowIq-uu
J]es wnipos
e ‘proe oruoynsausyeyiydeu-g
4 141039383 | v A103918) Jeau VN p1jos 4 L670LOSST | e opkqoprewioy qum sowjod
‘-[Anq ‘proe osruojnsoudreyiydeN
I AI A1032180) | PAyISse[d JON %001 20-9016'9 | pmbr Tl 1-€8-111 oprwoiq [K10Q-u
I AT A103218) | PIYIsSe]d 10N %001 10-401#'S | Pmbry Tl I-ST-111 9pIwoIq [AXOH-U
C I1 A108218) | V¢ A10391e) %001 10-H0LT'T pmbr 1 €-LT-111 JOUBXOH-U
SUEd ALS SNSUISU0)) SNSUISU0)) (%) (.57 PIIsSa],
SNSUISU0)) 2 M pU0D eddl) Se wLIo Jurewoq souE)sqn
[TZELX0) Er-.«w—mw_z Er-.kmwwﬁz oarq uy anssdaJ —_— \EM— ddy NUSVO ans
INVAD®L INLVADIN Jodep ’

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

70



LT

qreIns JoyIQ [AIne|

€ 1 A103218D) [ A103218) reau €1-40LT’C | pmbry 1 -78-¥006 (€)ouoAyroAxo£[od wnipog
€ [ A103012) [ A&10321D) S1 VN p1I0S 4 €-12-161 (%S 1) areg[ns JAine[ wnipog
¢ i Axodowy | e %001 | €1-900vT |  PUOS ¢ eIzt areyins [me] wnpos
€ 1 A103018D) [ A103012) %01 TT-40€S°9 p1[0S I T-€L01€1 oprxoIpAy wnipog
4 I1 4108918 | Y A103912) 001 VN pmbrg Tl VN @ ooduweys
14 I1 L&1039e) | Y A10395) 001 VN pmbry 1 VN O oodureys
4 1 A1030180) [ A103218) 001 VN pmbry Al VN g oodwreys
z I1A108918) | v A10393e) 001 VN pmbr Al VN v oodureys
I 111 A108218) | PoyIsse[d 10N 001 VN pmbry 1 VN g osury
I Al K103218) | poyIsse|d JON 00T VN pmbr Tl VN D osury
z 111 A103e) | gt A10301e) 001 VN pmbry Tl VN g osury
4 111 A10398D) | payIsse]d JON 001 VN pmbry Tl VN v osury
C 1 A103018D) | A103218) %001 00+d08S'C | pmbry Tl 1-98-011 ourpuid
I Al K103212) | PIyIsSe]d JON %001 20-H08%' T pmbr Tl 9-66-LS [004]3 suajhdorg
4 I1 A108218) | g A10301e) %001 10-4008°1 pmbry 1 €-10-69S1 d 1uA[os [osedoiq
€ 1 A103018) [ A103912) %001 00-+3000°0 p1IoS I €-€¢-8S 9PLIO[YO0IPAY SUIZEIIAWOI]
C 111 A103218) | payIsse[do 10N 1edu 01-90€6't prjos C 0-81-€¥1 9190 WNISSEIO]
€ [ 103012 [ A&108218) %01 00+3000°0 prjos Tl 6-59-¥T101 ojeIne| wWnIsse}oq

P [1O 103S®ed P9
I Al K1082)D) | PayIsse]d JON Jedu VN pmbry Tl 0-$8-88L19 | 1uuaFoipAy (op)ouolAqIokxok[0d

W:MMW—WW%% L,SNsuIsSu0) ,SNSUISU0) M._\%U ummv_cmvu PIASA, uremoq
TEEIY) WLVADIN | WLVADIN LI omssong | TR | g4y NASVD ueysqng
IVADEL vdd "SHO WLVIDIN | todey | 1P0d

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

71



8¢

“19p1dSway)) ur o[qefreA. os[e

o1om swei3oid 9JIng woy)SsAYJ/QDV Pue aung [d a3 woyg ere "(£107/ST/T Passooor) /answayosAyd/woyosAyd jowpe od/syonpoid/ oo sqerpoe mma//:dyy je ojqereae
a)ng waYDSAYJ/AIV SAET/ADV 10 (1T “A ‘SMOPUIA  JOSOIIIIA 10F 1y 2HING (90LLIIU] SWEIS0Id UONRWNSH) [dd VdJH 'S’ 9U} WO paurelqo a1om sanjeA pajorpard
‘9Iqe[IeAR JOU d10M sanjeA [enyoe I “([€107/ST/C PASS999e] Woo IopIdSwayo mmm Je d[qe[IeAr) JopidSwoy)) woly 10 (¢ 107/ST/T PISSA09.) A0S IU WI[U1aux0)//:d1y Je S[qe[ieA.
‘([ouroIpaAl Jo Are1qr] [euoneN "S'N] ,AASH) Jued BIe( SedULISqNG SNOPIEZEH dY) Suisn punoj o1om somssord 1odeA 0,5 1€ speosedo[ny ur passordxo st omssord Jodep
‘(papnyox2 are s[eosedo[n] 9< sainssaid JodeA yam saduR)SqNSs pue SPIjOS JUBIOBJINSUOU “9°'T) SUOT)B[NULIO)
Sururejuoo-jueloRJINS I0 S)ULIOBLINS PIjos pue sjeosedorny 9> somssaxd zodea ym spinbiy [je sopnjour (saouelsqns [ = U) ¢ QV “SHES 10 ‘SU0GIBI0IPAY ‘S[OYOI[E I Jet]) SPI[OS
sopnjoxo Inq sjeosedo[ny 9= sonssaid 1odeA yiim SOOUBISANS [B SOPNJOUT (SOUBISANS H6=U) | (V "POYISUW Is3} LS oy} 10J (V) surewop Ajiqeorjdde paurjop om) ore 219y,
(¢ pue g yuey g.LS 10 III ‘II ‘T A10823e) Vdd g VT ‘1 K10591e) SHO “o°1) sa1105a)e0
paezey JoUJ0 [[& WOy | Yuey A.LS pue (SINoY {¢ uey) S| Ul JULIBd[d SI094J9 [ewirui) A £103918) YV dH 10 payIsse[D 10N SHO ysingunsip 03 pasn st yoeoidde dn-wopnoq v
-omsodxd own 310ys = IS ‘SPOYIOA [eIIS0[0IX0], SANRUI]Y JO UOTEn[eAq dt) 10} 10jud)) AouaSerou] weido1d £30[001x0], [euoneN = INLVADIN :o]qe[ieae

jou = YN :S[edsedo[ry = ey SPOYIRJA 2ANBUI)Y JO UOLBPI[BA d} 10} 10Jud)) asauedef = NV ADE( ‘S[eOIUYD) JO Sul[[9qeT PU. UOLBIYISSE]D) JO WASAS paziuowreq A[[eqo[D)

SUOLEN PN = SHD *AOUdSY 01091014 [EUSWUONAUT ‘S ) = VdH (A101008 [edruey) uedLpwy) JoquinN AnsiSoy SO = NSO Aniqeordde = ddy :suonerseqqy

I 11 A10301€) | payyIsse[d J0N %001 10-9978°8 pmbry Tl L-0T-0€€1 QuRIAY
I Al K10823)) | payIsse]d JON %001 00+d000°0 | pmbry Al 9-9-5006 08 UM
C 111 A108918) | PayIsse]d JON %001 00+3000°0 | pmbry 1 $-+9-5006 0T USdM L
€ 1 A103018D) | A103218) %001 00+3000°0 | pmbry Tl 1-€6-2006 001-X UOJLIL,
dJeJIns 19710
€ [ A103918) [ K103918D) Jeou 01-400S°C pmbr 1 9-78-8C0LT JAmey (" ¢)oudlhyiohxojod
QuIWR[OURYIALI],
I 111 A108218) | poyIsse[o 10N %001 LO-H01Sy | pmbrg Al 9-1L-201 QUIIE[OUBYIOLL],
I 111 A&10321) | g7 A103018D< %001 00+d091°¢ | pmbrg 1 €-88-801 auan[o
_ A& .
4 11 A108018)< £1080129= %001 VN prjos Tl VN 19159 pIoe Apey as01ong
I I11 A10321e) | payIsse[d J0N %001 10-40€L°9 pmbry Tl $-TH-001 ouaIklg
. en. opLIO[yd
€ [ A103938) 1 1039120 %01 VN pIjos Al 8-€0-CI1 WO Ay o ATeo)g
C Al K103012) | payIsse[d JON 1eou SI-90ST'1 pmbry Tl T-6€-8¢€1 ojeIne[ouou UL)IqIog
SUEd ALS SNSUISU0)) SNSUISU0)) (%) (.57 PIIsSa],
SNSUISU0)) 2 M pU0D eddl) Se wLIo Jurewoq souE)sqn
[TZELX0) Er-“MWmW_Z Er-.kmwwﬁz oarq uy anssdaJ —_— \EM— ddy NASVD ans
INVADEr INLVADIN Jodep ’

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

72



6¢

*(sInoy 7 uey) SSo] Ur SULIB]O $)09JJ0 Tewrturr) AT A10801e) VI J0 PayIsse[D JON SHO 0 Juo[eAnba 9q 0} PoIopIsuod sem [ JO Juel g1 Ue pue

(111 10 11 A103918D) VdH 10 g7 10 Y7 A103918D) SHD °9°T) JUBILLII 940 PJIW 0} 9JBIOPOW € PAIOPISUOD Sem 7 JO uel 1S Ue (] A1038918) YA 10 | A103918) SHD “9'T) OAISOLIOD
IO JUBJLIIT 9K0 9IOAQS B PAIOPISUOD SBM ¢ JO SUBI F TS Ue Jer yons (7107 VIA PUB 1102 NN “o°T) pIezey o94d Jo uonedyIsse[d yVJq 10 SHO 93 03 pajenbo o1om $01008 el 1S
“UOIJBOIJISSE[O SNSUISUOD A} Sk pasn sem (Y7 A10391e) SHO ©9'1) UOIBIIJISSE[O Snopaezey a1ow Y (g A103918) SHO 2uo pue yg £103918) SHD U0

©8°9) wASAS uoneIIJISSe]d prezey 942 (7107 VdA) VdA 10 (1107 N) SHD Y3 1oU31d uisn snNSUISUOD OU SBM IOU} USYAN "SAIPNIS 2IOW JO 0M] JO UOIIROIJISSB[O SNSUISUO0D Y|,

"€Jep INLVADIN UO Paseq 1s9) 949 11qqel ay} Ul Pa)sa) St UOHBIUIOUOD Y],

JUUWNIO(J M21AY AdvWUNG 2.4MSOAXT dUL] 1IOYS

73



4

Short Time Exposure Summary Review Document

3.0 STE Test Method Performance
Test method performance is typically evaluated by calculating the following (ICCVAM 2003):

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

e Sensitivity: the proportion of all positive substances that are classified correctly as positive

e Specificity: the proportion of all negative substances that are classified correctly as negative

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

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

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

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

The STE test method performance was evaluated for each study, and the data set is provided in
Supplement B. An overall STE ocular irritation classification was assigned for each test substance in
the database based on the majority of ocular irritation classification calls. When a test substance had
an even number of different irritation classifications (e.g., two tests classified a substance as a
moderate irritant and two tests classified a substance as a severe irritant), the more severe hazard
classification was used for its overall classification (e.g., severe irritant). Using the consensus ocular
irritation classification for each substance, the STE test method was evaluated in a top-down approach
to distinguish ocular corrosives and severe irritants (i.e., GHS Category 1 or EPA Category I) from all
other categories (i.e., GHS Category 2A, 2B, Not Classified or EPA Category 11, III, IV). The STE
test method was also evaluated in a bottom-up approach to identify GHS Not Classified substances or
EPA Category IV (minimally irritant) substances from all other irritant categories (i.e., GHS
Category 1, 2A, or 2B or EPA Category I, II, or III).

The overall accuracy of the STE test method in a top-down approach ranged from 70% to 96%, and
the accuracy in a bottom-up approach ranged from 80% to 85% depending on the classification. The
predictive capacity of the STE test method was assessed by identifying the chemical classes or
physical properties that increased the false positive rate in a top-down approach and those that
increased the false negative rate in a bottom-up approach. Excluding discordant chemical classes or
physical properties optimized the applicability domain for a top-down or bottom-up approach.

3.1 GHS Classification System: STE Performance in a Top-Down Approach

The performance of the STE test method was evaluated for GHS ocular hazard classification in a top-
down approach. STE accuracy, sensitivity, specificity, false positive rate, and false negative rate were
determined based on available in vivo reference data for the test substances. Test substances that were
identified as direct MTT reducers were removed from the analyses. These include two substances
from Kojima et al. (Kao BRD), two substances from Takahashi et al. (2010), and one substance from
the Kao in-house studies. These analyses were performed for each of the five studies as well as for
120 unique substances from these five studies that remained after duplicates were removed and
consensus classifications were assigned (Table 3-1). The GHS classification for each test substance is
listed in Supplement B.
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Table 3-1 STE Performance for GHS Classification in a Top-Down Approach

False False Negative
Accuracy Sensitivity Specificity Positive gb
Data Source N Rate® Rate

% No.¢ % No.¢ % No.¢ % No.¢ % No.¢
Kojima et al.
(Ko BRD) 30 | 70 | 2130 | 10 | 1710 | 100 | 2020 o | 020 | 9 | 9/10
igﬁg‘wh‘ etal. | o3 | o6 | 2223 | 80 | 455 | 100 | 1818 ] o | 018 | 20 1/5
gglggh“hl etal | a0 | ga | 3157 | 65 | 1117 ] 100 | 2020 o0 | 020 | 35 6/17
gglfghasm ctal. | 47 | g3 | 3947 | ss |11/19] 100 |2828| o | 028 | 42 | 819
Kao In-House 2 | 96 | 2122 0 0/1 | 100 | 21211 o | o021 | 100 11
Kao New 39 | 69 | 2739 | 45 [ 920 | 95 |1819| 53 | 1719 | 55 | 11/20
Surfactants
Unique 120 | 85 |102/120 | 53 |19/36 | 99 |[83/84| 12 | 1/84 | 47 | 17/36
Substances

Abbreviations: BRD = background review document; GHS = Globally Harmonized System of Classification and Labelling
of Chemicals (UN 2011); N = number of substances; STE = short time exposure.

* False positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.

® False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.

¢ Data used to calculate the percentage.

¢ Substances from all of the above studies remaining after duplicates were removed and consensus classifications were

assigned.

3.1.1 STE Discordant Results for GHS Classification in a Top-Down Approach

The STE results that were discordant with in vivo results were analyzed further. These analyses were
performed on specific categories of chemicals, as well as on certain physicochemical properties
potentially relevant to ocular toxicity testing (e.g., surfactants, pH, physical form).

Several trends were noted in STE performance among these subgroups of substances (Table 3-2).
Only one of 84 substances was overpredicted (i.e., false positive) and slightly affected the
overprediction of its constituent chemical classes (3.6% to 8.3% overprediction). The chemical
categories of substances that were most consistently underpredicted (i.e., false negatives) by the STE
test method were alcohols and carboxylic acids. Of the 17 underpredicted substances, 7 were
alcohols, 4 were carboxylic acids, and 3 were salts. Additional chemical categories represented
among the underpredicted substances were esters (2) and heterocyclic compounds (2).

With regard to the physical form of the substances underpredicted by the STE test method, 12 were
liquids and 5 were solids. Considering the proportion of the total available database, solids (16%;
5/31) and liquids (13%; 12/89) were underpredicted at a similar rate by the STE test method.
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Table 3-2 STE False Positive and False Negative Rates by Chemical Category and
Properties of Interest for GHS Classification in a Top-Down Approach
False Positive Rate” False Negative Rate”
Category N

% No.* % No.*
Overall 120 1.2 1/84 47 17/36
Chemical Category®
Alcohol 39 3.6 1/28 64 7/11
Amine/Amidine 8 0/2 17 1/6
Carboxylic acid 21 0/14 57 4/7
Ester 17 0/14 67 2/3
Ether/Polyether 16 8.3 1/12 0 0/4
Heterocyclic compound 9 0 0/3 33 2/6
Hydrocarbon 23 5.0 1/20 33 1/3
Ketone 8 0/8 - 0/0
Onium compound 10 0/1 11 1/9
Salt 17 0/6 27 3/11
Properties of Interest
Liquids 89 1.4 1/72 71 12/17
Solids 31 0 0/12 26 5/19
Surfactants — Total 44 4.2 1/24 20 4/20
-nonionic 14 8.3 1/12 0 02
-anionic 11 0 0/3 25 2/8
-cationic - 0/0 0 0/7
-ampholyic - 0/0 50 12
pH - Total® 27 0 0/10 41 7/17
-acidic (pH < 7.0) 19 0 0/8 36 4/11
-basic (pH > 7.0) 7 0 0/1 50 3/6
-equals 7 1 0 0/1 - 0/0
Vapor Pressure — Total
~6kPa 90 0 0/66 58 14/24
~6kPa 13 0/13 - 0/0

77 0/53 58 14/24

Abbreviations: GHS = Globally Harmonized System of Classification and Labelling of Chemicals (UN 2011);

kPa = kilopascals; N = number of substances; STE = short time exposure.

a
b
c

d

Data used to calculate the percentage.

False positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.
False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.

One or more chemical categories were assigned to each test substance based on the chemical categories outlined in the
tree structure provided for that chemical in the National Library of Medicine’s Medical Subject Headings (MeSH®) for
inorganic or organic chemicals when available (http://www.nlm.nih.gov/mesh) and on the presence of common organic

functional groups (i.e., ketones) if that functional group was not available in the MeSH tree structure.

Total number of substances with pH data available.
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Table 3-3 shows the STE test method performance in a top-down approach when problematic
categories are excluded that gave the most discordant results in the GHS classification system. In
general, exclusion of alcohols, ethers/polyethers, hydrocarbons, or nonionic surfactants individually
reduced false positive rates to 0% and marginally reduced or slightly increased false negative rates.
The performance of validated in vitro methods for GHS classification is included for comparison.

Table 3-3 STE Performance for GHS Classification in a Top-Down Approach After
Excluding Discordant Categories

Accuracy False Positive Rate® False Negative Rate”
Method Evaluated

% No. % No. % No.*
STE Overall 85 102/120 1.2 1/84 47 17/36
STE w/o Alcohols 87 71/82 0 0/56 42 11/26
STE w/o Ethers/Polyethers 84 87/104 0 0/72 53 17/32
STE w/o Hydrocarbons 84 81/97 0 0/64 49 16/33
STE w/o Nonionic 84 89/106 0 0/73 50 17/34
surfactants
BCOP 79 149/188 24 29/123 15 10/65
ICE 83 120/144 8 9/114 50 15/30
CM 90 74/82 2 1/48 21 7/34

Abbreviations: BCOP = bovine corneal opacity and permeability; CM = Cytosensor microphysiometer; GHS = Globally
Harmonized System of Classification and Labelling of Chemicals (UN 2011); ICE = isolated chicken eye; N = number of
substances; STE = short time exposure.

False positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.

False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.

Data used to calculate the percentage.

3.2 GHS Classification System: STE Performance in a Bottom-Up Approach

The performance of the STE test method was evaluated for GHS ocular hazard classification in a
bottom-up approach. STE accuracy, sensitivity, specificity, false positive rate, and false negative rate
were determined based on available in vivo reference data for the test substances. Test substances that
were identified as direct MTT reducers and classified as STE nonirritants were removed from the
bottom-up analysis, as these could be false negative. These include two substances from Kojima et al.
(Kao BRD), two substances from Takahashi et al. (2010), and one substance from the Kao in-house
studies. These analyses were performed for each of the five studies as well as for 129 unique
substances from these five studies that remained after duplicates were removed and consensus
classifications were assigned (Table 3-4). The GHS classification for each test substance is listed in
Supplement B.
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Table 3-4 STE Performance for GHS Classification in a Bottom-Up Approach

False False
Accuracy Sensitivity Specificity Positive Negative
Data Source N Rate® Rate”
% No.* % No.* % No.* % No.* % No.*
Kojima et al.
(Kao BRD) 31 | 71 | 2231 | 73 | 1926 60 | 3/5 | 40 | 2/5 | 27 | 726
%ﬁg‘”h‘ ctal | o4 | 88 | 2124 | 77 | 1013 | 100 |11 | o | o1 | 23 | 3413
gglo‘ghasm ctal | 39 | g7 | 3439 | 85 |2327] 92 |1m12| 83 | 112 | 15 | 427
ggll‘gh”h‘ ctal sy | 83 | 4352 | 85 | 28533 79 | 1519 | 21 | 419 | 15 | 533
KaoIn-House | 22 | 96 | 2122 | 100 | 1/1 | 95 |20/21| 48 | 121 | 0 0/1
Kao New 34 | 85 | 29/34 | 100 |22/22| 58 | 712 | 42 | 512 | 0 0/22
Surfactants
Unique 129 | 85 | 109/129 | 88 |64/73 | 80 |45/56| 20 |11/56| 12 | 9/73
Substances

Abbreviations: BRD = background review document; GHS = Globally Harmonized System of Classification and Labelling
of Chemicals (UN 2011); N = number of substances; STE = short time exposure.

? False positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.

® False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.

¢ Data used to calculate the percentage.

4 Substances from all of the above studies remaining after duplicates were removed and consensus classifications were

assigned.

3.2.1 STE Discordant Results for GHS Classification in a Bottom-Up Approach

The STE results that were discordant with in vivo results were analyzed further. These analyses were
performed on specific categories of chemicals, as well as on certain physicochemical properties
potentially relevant to ocular toxicity testing (e.g., surfactants, pH, physical form).

Several trends were noted in STE performance among these subgroups of substances (Table 3-5).
The overall false positive rate was 20%. The chemical categories of substances that the STE test
method most consistently underpredicted for GHS classification (i.e., false negatives) were salts
(13%; 2/15), hydrocarbons (33%; 2/6), and alcohols (16%; 4/25).

With regard to the physical form of the substances underpredicted by the STE test method, four were
liquids and five were solids. Considering the proportion of the total available database, solids (14%;
5/37) appear more likely than liquids (4.3%; 4/92) to be underpredicted by the STE test method.
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Table 3-5 STE False Positive and False Negative Rates by Chemical Category and

Properties of Interest for GHS Classification in a Bottom-Up Approach

False Positive Rate” False Negative Rate”
Category N

% No.* % No.*
Overall 129 20 11/56 12 9/73
Chemical Category®
Alcohol 41 31 5/16 16 4/25
Amine/Amidine 17 0 0/2 0 0/15
Carboxylic acid 33 28 3/11 9.1 2/22
Ester 18 46 5/11 14 1/7
Ether/Polyether 16 38 3/8 0 0/8
Heterocyclic compound 10 50 12 0 0/8
Hydrocarbon 24 17 3/18 33 2/6
Ketone 8 20 /5 0 0/3
Onium compound 12 - 0/0 8.3 1/12
Salt 18 67 2/3 13 2/15
Properties of Interest
Liquids 92 18 9/50 9.5 4/42
Solids 37 33 2/6 16 5/31
Surfactants — Total 49 41 7/17 0 0/32
-nonionic 16 46 5/11 0 0/5
-anionic 12 50 1/2 0 0/10
-cationic 8 - 0/0 0 0/8
pH - Total® 33 25 2/8 13 3/24
-acidic (pH < 7.0) 23 17 1/6 18 3/17
-basic (pH > 7.0) 8 0 0/1 0 0/7
-equals 7 1 0 0/1 - 0/0
Vapor Pressure — Total
~6kPa 97 16 7/44 17 9/53
<6kPa 14 14 1/7 43 377

83 16 6/37 13 6/46

Abbreviations: GHS = Globally Harmonized System of Classification and Labelling of Chemicals (UN 2011);

a
b
c

d

kPa = kilopascals; N = number of substances; STE = short time exposure.

False positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.
False negative rate = The proportion of all positive substances that are falsely identified as negative in vitro.
Data used to calculate the percentage.

One or more chemical categories were assigned to each test substance based on the chemical categories outlined in the

tree structure provided for that chemical in the National Library of Medicine’s Medical Subject Headings (MeSH®) for
inorganic or organic chemicals when available (http://www.nlm.nih.gov/mesh) and on the presence of common organic
functional groups (i.e., ketones) if that functional group was not available in the MeSH tree structure.

Total number of substances with pH data available.

Table 3-6 shows the STE test method performance in a bottom-up approach when problematic
categories are excluded that gave the most discordant results in the GHS classification system. In
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general, exclusion of alcohols, hydrocarbons, salts, or solids individually resulted in small changes in
assay performance. However, two applicability domains were evaluated based on excluding certain
chemical and product classes, or physical characteristics. When substances with high vapor pressures,
solid alcohols, hydrocarbons, and salts were excluded, the false negative rate was reduced to 2.0%
(1/49). When substances with high vapor pressures and nonsurfactant solids were excluded, the false
negative rate was reduced to 1.9% (1/54). The single false negative substance using the restricted
applicability domains was toluene. In the NICEATM database, an in vivo study from the European
Centre for Ecotoxicology and Toxicology of Chemicals classifies toluene as GHS Not Classified
(ECETOC 1998), whereas a study submitted to the EPA under the Toxic Substances Control Act
(TSCA) classifies it as GHS Category 2B (eye irritation data made available by the U.S.
Environmental Protection Agency). These data suggest toluene is a mild ocular irritant and mitigates
concern about the false negative classification. The performance of validated ixn vitro methods for
GHS classification is included in Table 3-6 for comparison.

Table 3-6 STE Performance for GHS Classification in a Bottom-Up Approach After
Excluding Discordant Categories

Accuracy False Positive Rate | False Negative Rate”
Method Evaluated

% No.* % No.* % No.*
STE Overall 85 109/129 20 11/56 12 9/73
STE w/o Alcohols 89 78/89 15 6/40 10 5/49
STE w/o Hydrocarbons 86 90/105 21 8/38 10 7/67
STE w/o Salts 86 95/111 17 9/53 12 7/58
STE w/o Solids 86 79/92 18 9/50 9.5 4/42
STE w/o Vapor Pressure >6kPa,
solid alcohols, hydrocarbons, 90 85/94 18 8/45 2.0 1/49
and salts
STE w/o Vapor Pressure >6kPa
and Nonsurfactant Solids 20 o1/101 19 o147 1.9 154
BCOP 66 125/188 69 63/91 0 0/97
CM 68 36/53 68 17/25 0 0/28

Abbreviations: BCOP = bovine corneal opacity and permeability; CM = Cytosensor microphysiometer; GHS = Globally
Harmonized System of Classification and Labelling of Chemicals (UN 2011); kPa = kilopascals; N = number of
substances; STE = short time exposure.

False positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.
False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.
Data used to calculate the percentage.

33 EPA Classification System: STE Performance in a Top-Down Approach

The performance of the STE test method was evaluated for EPA ocular hazard classification in a
top-down approach. STE accuracy, sensitivity, specificity, false positive rate, and false negative rate
were determined based on available in vivo reference data for the test substances. Test substances that
were identified as direct MTT reducers were removed from the analyses. These include two
substances from Kojima et al. (Kao BRD), two substances from Takahashi et al. (2010), one
substance from the Kao in-house studies, and five substances from the combined overall data set.
These analyses were performed for each of the five studies as well as for the overall data set of

120 test substances from all these studies (Table 3-7). The EPA classification for each test substance
is listed in Supplement B.
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Table 3-7 STE Performance for EPA Classification in a Top-Down Approach
o False Positive | False Negative

Data N Accuracy Sensitivity Specificity Rate® Rate’
Source

% No. % No.* % No.* % No. % No.
Kojima et
al. (Kao 30 70 21/30 11 1/9 95 20/21 4.8 1/21 89 8/9
BRD)
Sakaguchi | ) | g5 | 22104 67 4/6 100 | 18/18 0 0/18 | 33 2/6
etal. 2011
Takahashi 1 30 | 07 | 3138 | 61 | 11718 | 100 | 2020 0 | 020 | 39 | 7/18
et al. 2009
Takahashi 1y 1 3 | 40140 | 58 | 1119 | 97 | 2030 | 33 | 130 | 42 | 819
et al. 2010
Kao In- 21 | 100 | 21/21 - 0/0 | 100 | 21/21 0 | 021 | - 0/0
House
RaoNew | 39 | 72 | 28530 | 47 | o919 | o5 | 1920 | 50 | 120 | 53 | 10019
Surfactants
Overall 120 | 87 | 104/120 58 19/33 98 85/87 2 2/87 42 14/33

Abbreviations: EPA = U.S. Environmental Protection Agency (EPA 2012); N = number of substances; STE = short time
exposure.

* False positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.
® False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.
¢ Data used to calculate the percentage.

3.3.1

The STE results that were discordant with in vivo results were analyzed further. These analyses were
performed on specific categories of chemicals, as well as on certain physicochemical properties
potentially relevant to ocular toxicity testing (e.g., surfactants, pH, physical form).

STE Discordant Results for EPA Classification in a Top-Down Approach

Several trends were noted in STE performance among these subgroups of substances (Table 3-8).
Two of 87 substances were overpredicted (i.e., false positives) and affected its representative
chemical classes, with false positive rates ranging from 4.8% to 12.5%. The chemical categories of
substances that were most consistently underpredicted for EPA classification (i.e., false negatives)
were alcohols (64%; 7/11) and carboxylic acids (50%; 3/6). Of the 14 underpredicted substances,
seven were alcohols, three were carboxylic acids, two were heterocyclic compounds, and two were
salts.

With regard to the physical form of the substances overpredicted by the STE test method, 1.4% (1/74)
were liquids and 7.7% (1/13) were solids. With regard to the physical form of the substances
underpredicted by the STE test method, 10 were liquids and 5 were solids. Considering the proportion
of the total available database, solids (16%; 5/32) appear more likely than liquids (11%; 10/89) to be
underpredicted by the STE test method.
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Table 3-8 STE False Positive and False Negative Rates by Chemical Category and
Properties of Interest for EPA Classification in a Top-Down Approach

False Positive Rate” False Negative Rate”
Category N
% No. % No.*
Overall 120 2.3 2/87 42 14/33

Chemical Category®
Alcohol 40 6.9 2/29 64 7/11
Amine/Amidine 8 0/2 17 1/6
Carboxylic acid 20 0/14 50 3/6
Ester 16 0/15 0 0/1
Ether/Polyether 16 8.3 1/12 0/4
Heterocyclic compound 9 0 0/3 33 2/6
Hydrocarbon 24 4.8 1/21 33 1/3
Ketone 8 0 0/8 - 0/0
Onium compound 10 0 0/1 11 1/9
Salt 18 12.5 1/8 20 2/10
Properties of Interest
Liquids 89 1.4 1/74 67 10/15
Solids 32 7.7 1/13 26 5/19
Surfactants — Total 45 7.7 2/26 16 3/19
-nonionic 14 8.3 1/12 0 0/2
-anionic 12 20 1/5 14 1/7
-cationic - 0/0 0 0/7
-ampholytic - 0/0 50 12
pH — Total® 28 10 1/10 44 8/18
-acidic (pH < 7.0) 20 13 1/8 42 5/12
-basic (pH > 7.0) 7 0/1 50 3/6
-equals 7 1 0/1 - 0/0
Vapor Pressure — Total 91 1.5 1/68 57 13/23
>6kPa 13 0 0/12 100 171
<6kPa 78 1.8 1/56 55 12/22

Abbreviations: EPA = U.S. Environmental Protection Agency (EPA 2012); kPa = kilopascals; N = number of substances;

a
b
c

d

STE = short time exposure.

False positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.

False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.

Data used to calculate the percentage.

One or more chemical categories were assigned to each test substance based on the chemical categories outlined in the

®

tree structure provided for that chemical in the National Library of Medicine’s Medical Subject Headings (MeSH™) for
inorganic or organic chemicals when available (http://www.nlm.nih.gov/mesh) and on the presence of common organic
functional groups (i.e., ketones) if that functional group was not available in the MeSH tree structure.

Total number of substances with pH data available.

Table 3-9 shows the STE test method in a top-down approach when problematic categories are
excluded that gave the most discordant results for the EPA classification system. Exclusion of
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alcohols reduced the false positive rate from 2.3% (2/87) to 0% (0/58) with only a slight reduction in
the false negative rate (42%, 14/33 to 38%, 9/24). In general, removal of other individual chemical
classes with false positive rates produced higher false negative rates.

Table 3-9 STE Performance for EPA Classification in a Top-Down Approach After
Excluding Discordant Categories

Accuracy False Positive Rate | False Negative Rate”
Method Evaluated

% No.* % No.* % No.*
STE Overall 87 104/120 2.3 2/87 42 14/33
STE w/o Alcohols 89 73/82 0 0/58 38 9/24
STE w/o Ethers/Polyethers 85 89/105 1.3 1/75 50 15/30
STE w/o Hydrocarbons 85 82/97 1.5 1/66 45 14/31
STE w/o Salts 86 89/103 1.3 1/79 54 13/24
STE w/o Solids 88 78/89 1.4 1/74 67 10/15

Abbreviations: EPA = U.S. Environmental Protection Agency (EPA 2012); STE = short time exposure.

* False positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.
® False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.
¢ Data used to calculate the percentage.

34 EPA Classification System: STE Performance in a Bottom-Up Approach

The performance of the STE test method was evaluated for EPA ocular hazard classification in a
bottom-up approach to identify EPA Category IV substances (i.e., minimal effects clearing in less
than 24 hours). STE accuracy, sensitivity, specificity, false positive rate, and false negative rate were
determined based on available in vivo reference data for the test substances. Test substances that were
identified as direct MTT reducers and classified as STE nonirritants were removed from bottom-up
analysis, as these could be false negative. These include two substances from Kojima et al. (Kao
BRD) and two substances from Takahashi et al. (2010). These analyses were performed for each of
the five studies as well as for the overall data set of 129 test substances from all these studies

(Table 3-10). The EPA classification for each test substance is listed in Supplement B.

Table 3-10 STE Performance for EPA Classification in a Bottom-Up Approach

False False Negative
Accuracy Sensitivity Specificity Positive gb
Data Source N Rate® Rate
% No.¢ % No.¢ % No.¢ % No.¢ % No.t
Kojima et al.
(Kao BRD) 31 | 77 | 2431 | 75 | 2128 100 | 353 0 03 | 25 7/28
§glfigu°h‘ etal | o0 | 67 | 1624 | 56 | 1018 100 | 6/6 0 0/6 | 44 | 8/18
gglgghasm ctal. | 59 | g0 | 3139 | 75 |24/32| 100 | 77 0 07 | 25 | 832
ggll‘gh”hl ctal. | 5o | 77 | 40552 | 74 | 3142 90 | om0 | 10 | 110 | 26 | 1142
Kao In-House 22 | 68 | 1522 | 22 | 2/9 | 100 |13/13] 0 | 013 | 78 7/9
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Kao New 34 | 94 | 3234 | 96 [26/27| 86 | &7 | 14 | v7 | 37 | 127
Surfactants
Overall 120 | 80 |103/129 | 75 | 73/97 | 94 |30/32| 63 | 2/32 | 25 | 24/97

Abbreviations: BRD = background review document; EPA = U.S. Environmental Protection Agency (EPA 2012);
N = number of substances; STE = short time exposure.

 False positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.
® False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.
¢ Data used to calculate the percentage.

3.4.1 STE Discordant Results for EPA Classification in a Bottom-Up Approach

The STE results that were discordant with in vivo results were analyzed further. These analyses were
performed on specific categories of chemicals, as well as on certain physicochemical properties
potentially relevant to ocular toxicity testing (e.g., surfactants, pH, physical form).

Several trends were noted in STE performance among these subgroups of substances (Table 3-11).
Two substances were overpredicted. The overall false positive rate was 6.3% (2/32), with alcohols
(20% 2/10), esters (33%; 2/6), and heterocyclic compounds (50%; 1/2) overpredicted. The chemical
categories of substances that the STE test method most consistently underpredicted for EPA
classification (i.e., false negatives) were hydrocarbons, ketones, and esters. Of the 24 underpredicted
substances, seven were alcohols, five were carboxylic acids, and six were hydrocarbons. Additional
chemical categories represented among the underpredicted substances were amines/amidines (2),
esters (3), ethers/polyethers (1), ketones (3), onium compounds (1), and salts (2).

With regard to the physical form of the substances in a bottom-up approach, two liquids were
overpredicted (6.9%; 2/29), which was 2.2% (2/92) of the entire database. With regard to the physical
form of the substances underpredicted by the STE test method, 18 were liquids and six were solids.
Considering the proportion of the total available database, liquids (20%; 18/92) appear more likely
than solids (16%; 6/37) to be underpredicted by the STE test method.

Table 3-11 STE False Positive and False Negative Rates by Chemical Category and
Properties of Interest for EPA Classification in a Bottom-Up Approach

False Positive Rate® False Negative Rate”
Category N

% No.* % No.*
Overall 129 6.3 2/32 25 24/97
Chemical Category®
Alcohol 41 20 2/10 23 7/31
Amine/Amidine 11 - 0/0 18 2/11
Carboxylic acid 33 0 0/5 18 5/28
Ester 18 33 2/6 25 3/12
Ether/Polyether 16 0 0/4 8.3 1/12
Heterocyclic compound 10 50 172 0 0/8
Hydrocarbon 24 0 0/11 46 6/13
Ketone 8 - 0/0 38 3/8
Onium compound 12 - 0/0 8.3 1/12
Salt 18 0 0/1 12 2/17

40



Short Time Exposure Summary Review Document

Properties of Interest

Liquids 92 6.9 2/29 29 18/63
Solids 37 0 0/3 18 6/34
Surfactants — Total 49 18 2/11 2.6 1/38
-nonionic 16 25 2/8 0 0/8
-anionic 12 0 0/1 0 0/11
-cationic 8 - 0/0 0 0/8
pH - Total® 32 17 1/6 15 4/26
-acidic (pH < 7.0) 23 17 1/6 18 3/17
-basic (pH > 7.0) 8 - 0/0 12 1/8
-equals 7 1 - 0/0 100 171
Vapor Pressure — Total 97 8.0 2/25 32 23/72
>6kPa 14 0 0/4 50- 5/10
<6kPa 83 9.5 2/21 29 18/62

Abbreviations: EPA = U.S. Environmental Protection Agency (EPA 2012); kPa = kilopascals; N = number of substances;

STE = short time exposure.

* TFalse positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.

® False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.

¢ Data used to calculate the percentage.

One or more chemical categories were assigned to each test substance based on the chemical categories outlined in the

tree structure provided for that chemical in the National Library of Medicine’s Medical Subject Headings (MeSH®) for
inorganic or organic chemicals when available (http://www.nlm.nih.gov/mesh) and on the presence of common organic
functional groups (i.e., ketones) if that functional group was not available in the MeSH tree structure.

d

Total number of substances with pH data available.

Table 3-12 shows the STE test method performance in a bottom-up approach when problematic
categories are excluded that gave the most discordant results in the EPA classification system. In
general, exclusion of alcohols, hydrocarbons, salts, or solids individually resulted in small changes in
assay performance. However, two applicability domains were evaluated based on excluding certain
chemical and product classes, or physical characteristics. When substances with high vapor pressures,
solid alcohols, hydrocarbons, and salts were excluded, the false negative rate was slightly reduced to
21% (14/68). When substances with high vapor pressures, and nonsurfactant solids were excluded,
the false negative rate was slightly reduced to 18% (13/73).
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Table 3-12 STE Performance for EPA Classification in a Bottom-Up Approach After
Excluding Discordant Categories

Accuracy False Positive Rate® | False Negative Rate”
Method Evaluated

% No.* % No. % No.*
STE Overall 80 103/129 6.3 2/32 25 24/97
STE w/o Alcohols 89 72/89 0 0/22 25 17/67
STE w/o Hydrocarbons 81 85/105 9.5 2/21 21 18/84
STE w/o Solids 78 72/92 6.9 2/29 29 18/63
STE w/o Salts 78 87/111 6.5 2/31 28 22/80
STE w/o Vapor Pressure >6kPa,
solid alcohols, hydrocarbons, and 83 78/94 7.7 2/26 21 14/68
salts
STE w/o Vapor Pressure >6kPa
and Nonsurfactant Solids 85 86/101 7.1 2/28 18 13/73

Abbreviations: EPA = U.S. Environmental Protection Agency (EPA 2012); kPa = kilopascals; STE = short time exposure.
* TFalse positive rate = the proportion of all negative substances that are falsely identified as positive in vitro.

® False negative rate = the proportion of all positive substances that are falsely identified as negative in vitro.

¢ Data used to calculate the percentage.
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4.0  STE Test Method Reliability

Test method reliability (intralaboratory repeatability and intra- and interlaboratory reproducibility) is
an essential element of an evaluation of assay performance (ICCVAM 2003). Repeatability refers to
the closeness of agreement between test results obtained within a single laboratory when the
procedure is performed on the same substance under identical conditions within a given time period
(ICCVAM 1997, 2003). Intralaboratory reproducibility refers to the extent to which qualified
personnel within the same laboratory can replicate results using a specific test protocol at different
times. Interlaboratory reproducibility refers to the extent to which different laboratories can replicate
results using the same protocol and test chemicals and indicates the extent to which a test method can
be transferred successfully among laboratories. A reliability assessment includes (1) reviewing the
rationale for selecting the substances used to evaluate test method reliability, (2) discussing the extent
to which the substances tested represent the range of possible test outcomes and the properties of the
various substances for which the test method is proposed for use, and (3) performing a quantitative
and/or qualitative analysis of repeatability and intra- and interlaboratory reproducibility.

Background information, data, and the performance (i.e., accuracy and reliability) analyses of the
STE test method conducted by Kao Corporation are provided in the BRD (Supplement A). STE test
data were available for replicates within individual experiments repeated three times for each test
substance in two to five different laboratories. Coefficient of variation (CV) analyses were performed
on within-experiment and between-laboratory STE data, using the cell viability value obtained for
each test substance within each of the two to five testing laboratories.

The %CV values for intralaboratory reliability for substances classified as nonirritants ranged from
0.3% to 23.5% in the four studies evaluated. Substances classified in vitro as irritants tended to have
greater %CV values, as expected, because the cell viability for these chemicals was often quite low.
Further, the mean viability for the positive control, 0.01% sodium lauryl sulfate, was 41.7% (N =71)
with %CV of 24.7%.

In terms of interlaboratory agreement, the laboratories recorded 100% agreement for 83% to 100% of
the substances for GHS classification and 87% to 100% of the substances for EPA classification.
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5.0  Peer Review Summary

To ensure the completeness of the NICEATM STE performance review, NTP provided the STE
Summary Review Document along with the original Kao BRD and other supporting documentation
to four external scientific reviewers who were asked to:

e Comment on whether the protocol is complete and adequate

e Comment on the adequacy of the database used for evaluating STE
e Provide any additional published STE studies or data

e Comment on the adequacy of the test method reliability

e Comment on the adequacy of the performance evaluation

e Provide any additional comments on the protocol or analysis

e Provide comments for regulatory agencies considering using data from this test method

The reviewers commented that the evaluation of the STE test method performance was thoroughly
conducted. The reviewers remarked that the evaluation not only examined performance of the test
method based upon the entire set of chemicals but also had a secondary assessment of STE
performance with select chemical classes removed from the applicability domain. Given the
thoroughness of the review, the reviewers stated that no other analysis is necessary. As with the
performance analysis, the reviewers commented that the reliability analysis was thorough with no
need for additional analysis.

The reviewers commented that the STE database was adequate for its intended purpose and added
that they were not aware of additional STE data that could be used in this evaluation. The reviewers
did however suggest that the STE database would require further development if the test method were
to be used in the evaluation of pesticides.

The reviewers made a number of comments directed towards regulatory agencies considering using
data obtained from the STE method:

When compared to other in vitro or in vivo assays currently available for eye irritation assessment,
STE has a number of advantages, including time and cost required to do the assay, the use of a cell
line rather than ex vivo tissue, its ability to assess poorly water-soluble substances, a low false
positive rate, and protocol simplicity

The analysis highlights that the performance of a test method is dependent upon the classification
system to which it is being compared. Specifically, STE “false negatives”, after all poorly compatible
substances are excluded, are EPA Cat III: mild irritants.

Acceptance and use of data from the STE method is suggested by the developers as part of an in vitro
/ ex vivo battery of tests designed to offer an alternative to the in vivo OECD Test Guideline 405
Acute Eye Irritation/Corrosion assay in rabbits. As such, results from the STE when considered alone
would most often be seen as “screening data” and best interpreted as part of a systematic evaluation
of hazard.

There are likely to be circumstances in which the predictive nature of the STE assay is unknown (i.e.,
new chemical domains, mixtures, etc.). Submission of useful STE data relies on careful and
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consistent conduct of the assay and verification of the performance of the STE method when extended
beyond the currently available chemical domain or space.

At present, there is no in vitro alternative test to definitively and accurately distinguish non-irritant
and irritant chemicals. In a bottom-up approach aimed at identifying non-irritants, it is important to
reduce the false negative substances as much as possible. The false negative rate of BCOP and ICE
are 0%, but their false positive rates are high, 68 to 69%. While the false negative rate in STE is not
0%, when either applicability domain is adopted, the rate is 1.9 to 2%. Test systems that obtain high
accuracy, low false positive rate, and low false negative rate are desirable and based upon its
performance, STE is suitable for use in a bottom-up approach.

As a result of the reviewers comments, minor edits were made to the NICEATM SRD including
updating OECD TG references and clarifying the evaluation of direct MTT reducers. The reviewers
also had a number of comments and suggestions for the STE protocol that were compiled and
provided to Kao Corporation.
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