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JaCVAM statement
on in vitro ocular toxicity test methods for identifying ocular corrosive and severe
irritants: Isolated Chicken Eye Test Method

At the meeting concerning the above method, held on 19 December 2009 at the National
Institute of Health Sciences (NIHS), Tokyo, Japan, the members of the Japanese Center for
the Validation of Alternative Methods (JaCVAM) Regulatory Acceptance Board [1]
unanimously endorsed the following statement:

Following the review of the results of the ICCVAM(Interagency Coordinating Committee on
theValidation of Alternative methods, USA) Background Review Document and Evaluation
Report, it is concluded that the in vitro ocular toxicity test methods: Isolated Chicken Eye
Test Method can be used for identifying ocular corrosive and severe irritants.

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

.. Y- :-|:I - 1
’%ﬂ-ﬁ_ ‘k:}'r Lo "rh-l-ful--l—
Hajime Kojima, F Tohru Inoue,

Director, Director,
JaCVAM, NCBSR,
National Centre for Biological Safety and Research (NCBSR) NIHS,
NIHS, Tokyo
Tokyo

19 December, 2009



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. Tohru Inoue (NIHS)

Mr. Noriho Tanaka (Food and Drug Safety Center)

Mr. Takemi Yoshida (Showa Univ.)

Mr. Hiroo Yokozeki (Tokyo Medical and Dental Univ.)

Mr. Isao Yoshimura (Tokyo Univ. of Science)

Mr. Kazuichi Nakamura (Japan Pharmaceutical Manufacturers Association)
Ms Yuko Okamoto (Japan Cosmetic Industry Association)

Mr. Takeyoshi Oshima (Japan Chemical Industry Association)
Mr. Hiroshi Onodera (Pharmaceuticals and Medical Devices Agency)
Mr. Iku Mitta (Pharmaceuticals and Medical Devices Agency)

Ms Midori Yoshida (NIHS)

Mr. Yoshiaki Ikarashi (NIHS)

The following members of the JaCVAM Steering Committee were involved as observers in
the consultation process, but not in the endorsement process itself.

Mr. Yasuo Ohno (NIHS)

Mr. Mitsuteru Masuda (JaCVAM)
Mr. Hajime Kojima (JaCVAM)
Mr. Masaharu Akita (JSAAE)



byl 'Jiﬁﬁﬂjﬂﬁfiké)ﬁbsfcﬂﬁﬂﬁﬁ'liﬁi\iﬁﬁ (ICE i%: Isolated
Chicken Eye Test)

Bk
BABMER T s e 1
BEEWMPEE T e 7

ICCVAM TEST METHOD EVALUATION REPORT: /N VITRO OCULAR TOXICITY
TEST METHODS FOR IDENTIFYING SEVERE IRRITANTS AND CORROSIVES



=U b U HEHIRER & F O 7o BRI R v

(ICE ¥ : Isolated Chicken Eye Test) DFLliEmisE

JaCVAM i3

R 21 4 (2009 4E) 12 A 17 H
WRR 23 4F (2011 4F) 4 F 20 HoE



JaCVAM FFfh 258
H bz (ERZEEGLESEENERT LRttt o 2 —)
Hh & (RN et 2 — REHLAT)
HHEE (BFRFIETH)
RERAMRE (CROR =R R R T)
sA T GROCER R Y)
kR (HARRSE TR 2)
A (HARORE S LG
RS (AL LERS)
INEPSFIEA (380 AR BT
R E (EIEMEREESRR O TAE)
aH Rk (ENZEZEG RSN LetEwRBRITE 2 —  HERE)
TR B (ESLEES A ENT T BRET A L)
B SR 21 -1 H 1 B~k 2243 H 31 H
)Rk EE (ESZEE SRR LA aRatsit o 2 —)
M & (RN eE 7 — REHEAT)
HHEE (BFRFIETE)
RERAMERE (CRORER R KT
A 2 GROCEERER)
ﬁ%*k(ﬁﬁ@%I%%A)
WA (AR LRLS LE S
k%@%(ﬁﬁk%l%%A)
NP (3R 5 R R B )
ANEIRBLIE (238 5 R R A )
aHE Rk (ERZEIEGESEAENIETT Zat A REITE 2 — L)
HHREREN (EZEEGEAEATERT  AEE A )
ER)NBE— ORNATEOEN S EE S A i)
EE S (O B RE Lksth)

D>$

R3] SRk 224F4 A 1 H~YR 2443 A 31 H

AT —— 1 JaCVAEEZ R
REFZRIE (B2 S dn B on i AT SE0T)
RO (ESZERS R AENERT  ZetAEmaiRpisit o ¥ —  SKEHE)
N B (ENZERR AN RetAEYR BRIt 7 —  SKEE)
KHEIER (HAEBYEBRARIESS)
SatiEE (EAYEE EERLR FEETHR (CPMERENRE)
KEME— (RFERE WEEXR (LFPWERZEIRE)

B 2141 A 1 B~¥pk 2243 1 31 H

REFZRHE (B SZEE S dn B dn i A 5E %)
BErth - (ENZEEHE S & AT IEaT et/ ARt o 7 — SR



BIDERE (7R R G ERJETT et A Baije L o ¥ —  SEEm)
NG T (ESTEERRGEETETT et AR Ly —  SEEm)
KIS (A ARSI ER L)
SEIEE (LESEE ERRRR BEEEE (AR EAEE)
FER— (RFEEE BEEER  LFWERERIEE)

8 SRk 2284 A 1 B~k 2344 A 30 H



IR IE TH D =7 b U FiHIRER A W 72 BRGNS MERERYE  (ICE 4% : Isolated
Chicken Eye Test) IZ2W\W T, H=FMEERNSOWEEZZITY ., LTFO 8 HEIZOWTHFE
L7, THEHETIZOED HA F 2 2LE No. MITRENT-HRFEATH LY, 72k, KihwIh
REDOFIRIZH T > T, #AGEEZ HOICEE L ETHER SN RETH D,

<FHENE>
1. MRtk oRERE &2 OB ERTT — 21T, B CHNL 7237 2521 TV D,

Prinsen M MK N Balls B D7 —71Z 5 > T GLP IZHEHLL THTbh, e L TAB S
725 DY F—a VRBROFERN 0 B FEERNERIAIC BT DN L 72 BEBI T H D TCCVAM
ERLZBW Rl S vz,

ERSRBOT —Z LISMT b ICEIEIC X 2 MEN I TV D03, HERWEE | o Mo, 5
T =4 OWRE, EET—ZORMRERH Y RERE LTIRY EFRnoT-,
ZOFHEiT— 4 &b LT, [JaCVAM AR MR IERHMZE B ) IZ X - TR &7z,

2. YHEABRIETHOLNDLGT — 2L, AREBEETSIFHES 2 WVIETHITE L D TH D0 T—
Z0, YrgikBRiE L ECROBBRIED, VEREL LTOBENRY Z/RLTHD0, D WIE (FIFFID)
ZOT =21, YiklBilE e, R ELTHDHLWVEET L E L TWHEMWFEIZ OV TORE
EDENRYD R LTV,

UizelBiEIX, v D OIRBIEMEC 32 Bl VW 5T D U3 % 2 I/ Draize YD 9
B, RN - SR OREE S LT, =Y M) OFHIRERICAE U 2 AaBEoEE (IER, R,
O EFERENE) ZHETHHDOTH D,

WAL, Draize IEIC X D(LFHE ORICH T 2R - BN SE E O—FER+5T
bDH, ZNDDIEEDOEACITIRICK T IR ELB LT DO TH D ALFWE ORI 55
B - SNSRI T 2,

ek, XL =T N OAREITEHFH R OERERRENNH V| Do, YizBRE TR
IRERAZ VT WD 72 RN « SRENEIELS O FRNTIZRA D B 5,

3. YEABRIEL, "= FH2WIEY X7 HDWIEZEDOW S &7l 25 DICHHTH 27,
B E DRI 2 I8 BAME R OS5I (AN — ) 23l 2 72DICAHTHh D, U A 7§l
ZHIE LIHEREE TR REISHEDIET HITH TR,

4. HEABRIE L T ORI T T — 2L, ZOMBRIE CTEEMERIEL L5 &35, T8 LD
07T LB WIERERETAERE LTS EFEMERHM L2 T RdRE LD E >
TS0 G%BRIENE T T 2R/ RO TE RWRMEDBHMET H 570,

MHABRIED A2~ T — 2%, G 176 0L FWE £ 7238 R B sh, 95 90 (TH—
DALFWE T, 85 [FTHifldh & 2 WITEA: SIREM TITOh T %, fRa efb P, YRR, PR
DOWE, Hoflix ORIFFIEFRED DR RER->TEBY | WHTE 2MWEOHMAAMHTH D,

YABRIEIL, AR ETOWHEDE M - MREMEE % < OXGWE TIHMETE 5, 72120, T
=—/VHH, FUETEEAL PR DSEIR O & DIZHOW T O FRIPEREIZ A+ Th %,

LkBRIEIL, BREEROAROZL LTS 256 THY . TORDEEFEOFHMIZ TS Z2uy,

4



5. YEEBRIEIT, v b 2 VORI AR ZS IS L CHyEld T i) e IR & R o o L
GI7258%01 D & DR IR W T, HETEERES b D Th D h,
WA BRIE 30 U) 22 B R BR A Fr DU L BRAF O b D ik CEMEFRETH D, LovL, HaeD
BRYE, ULRME R OFREBREANT OB 5 BiRER THARERN~ORBRIEOBIRIINECH 5,
AK7a haTOHEX, HomEdEES R I TS

6. YazalBikiT, RRARENICHRAMR DY | AITEETHOLARLT VLD TH D,

FABRE A H Tl Draize & RKEREWITARWVWD, HBREIFIXEHRE SN D,

BU Tl ICE IR BIERE R E & o TISEME % RALICK ST 5 Z L 2BEICZ T AR TV, KET
IZ. US EPA 72 2MbZM B O HRFREMEREAGIC B\ T B RME - SN L oI AR D2 1
ANZERHPLTND

LA BRIE IR MR A & LT GHS PR [ HEHL Y 2 JBE Sk - SN E L OB B (A &
WranThh . ERRRirbE 2 T, HAETHIERFIORBRIE L LTZIARLRD,

HRF R TIE HARENTO B E7RFMIINEECH 2 03 EAMITZREHE (L i) 2o, &t
MPHHETH D,

7. HEGABRIEIT. TOROFMBRIE L AT BEERY - PR - BREROIS, BT LOERERIE D DV IEEGT
ARBRIETH D Z ENIELLS TV DD,

YHEEBIEIL AL K D R AEEE 282 2 TR D | MR &M K ONGR I 24 E 5

HlRIE L L THRSHICIES TH 5,

YRZBRiIEIL, Draize i & ol L T EEAGICEN TV D

LRI, R R B BRI L R D TREMED B 5 .

8. BAMEEO 1 b DITBIVERL L LT, R AR TREARBIE T 570
LAAHTIC X 2 LA 7R o1 - SRHRORIENE 2 A C & 2 745 T 5, ZOREIICIV T, (T
R TRE T 5.

VL EDSFRORE R, JaCVAM FE M E. IRFITSERBR L (ICE 1) 2 B b= HiECTHE N %
WUNZEF > TRIAT UL, L8 O IRRSYE 2 BRI G T & 5 & LT,

AN

1. ICCVAM: Interagency Coordinating Committee on the Validation of Alternative Methods,
USA

2. US EPA: United States Environmental Protection Agency

3. GHS: Global Harmonized System of Classification and Labeling of Chemicals

23 ik

1) IR RBRCRRIE O = F i s =7 b YU FHIRERZ v 2 BRI 7R

2) OECD (2005) OECD Series on testing and assessment Number 34, Guidance document on the
5



validation and international acceptance of new or updated test methods for hazard
assessment, ENJ/JM/MONO(2005) 14

Prinsen and Koeter. (1993)

Balls et al. (1995)

Prinsen. (1996)

Prinsen. (2000)

Prinsen. (2005)



IR 1 AR BR AR IR D B8 = il o o 2

APl AR ¢ BRICH 9 2 & B L ORI SR D 72 8D
=7 MU RHRRZ B D T BRI A Bk

Isolated Chicken Eye Test Method for Identifying
Ocular Corrosives and Severe Irritants

Version 2

TR 21 10 A 14 H

HRAIB R RIME R =

ZER WA thT (EIEELSERSEEVRER)
Z B /MR EF GREBREBER)
WA B (BRERERERT)
HME o (ENLEES& & L)
I /N (PEG A1 ) N—3 3 BRI
g R GERER )



[

ol
hal

3Rs: Replacement, Reduction, and Refindment Alternative

BCOP: Bovine Corneal Opacity and Permeability

BRD: Background Review Document

CAS: Chemical Abstracts Service

CV: Coefficient of variation

ECVAM: European Center for the Validation of Alternative Methods

ESAC: ECVAM Scientific Advisory Committee

EU: European Union

GHS: Global Harmonized System

GLP: Good Laboratory Practices

~ HBSS: Hank’s Balanced Salt Solution

ICCVAM: Interagency Coordinating Committee on the Validation of Alternative Methods
ICE: Isolated Chicken Eye Test Method

IRE:Isolated Rabbit Eye Test Method

IVIS: In Vitro Irritancy Score

MAS: Maximum Average Score

MMAS: Modified Maximum Average Score

NICEATM: Interagency Center for the Evaluation of Alternative Toxicological Methods
OECD: Organization for Economic Co-operation and Development

US EPA: United States Environmental Protection Agency
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1% 1
£ (Definitions)

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

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

Coefficient of variation (CV) : A statistical representation of the precision of
a test. It is expressed as a percentage and is calculated as follows:

standard deviation _
x 100%
mean
Corneal Opacity: A subjective measurement of the extent of opaqueness of the cornea
following exposure to a test substance. Increased corneal opacity is indicative

of damage to the cornea.

Corneal Swelling: An objective measurement in the ICE test of the extent of
distention of the cornea following exposure to a test substance. It is expressed
as a percentage and is calculated from corneal thickness measurements that are
recorded at regular intervals during the ICE test. Increased corneal swelling is
indicative of damage to the corneal epithelium.

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

False positive rate: The proportion of all negative substances that are falsely

identified by a test method as positive. It is one indicator of test method
accuracy.
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Fluorescein retention: A subjective measurement in the ICE test of the extent of
fluorescein sodium that is retained by epithelial cells in the cornea following
exposure to a test substance. Increased fluorescein retention is indicative of
damage to the corneal epithelium.

‘Globally Harmonized System (GHS) : A classification system presented by the United
Nations that provides (a) a harmonized criteria for classifying substances and
mixtures according to their health environmental and physical hazards, and (b)
harmonized hazard communication elements, including requirements for labeling and
safety data sheets.

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

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

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

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

Negative control: An untreated sample containing all components of a test system
except the test substance solvent, which is replaced with a known non-reactive
material, such as water. This sample is processed with test substance-treated
samples and other control samples to determine whether the solvent interacts with
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the test system

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

Positive control: A sample containing all components of a test system and treated
with a substance known to induce a positive response, which is processed with the
test substancetreated and other control samples to demonstrate the sensitivity
of each experiment and to allow for an assessment of variability in the conduct
of the assay over time.

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

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

Specificity: The proportion of all negative substances that are classified
correctly as negative in a test method. It is a measure of test method accuracy

Tiered testing: A stepwise testing strategy where all existing information on a
test substance 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 substance can be assigned based on the existing
information, no additional testing is required. If the irritancy potential of a
test substance cannot be assigned based on the existing information, a step-wise
sequential animal testing procedure is performed until an unequivocal
classification can be made.
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PREFACE

The Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) is charged by the ICCVAM Authorization Act of 2000 (42 U.S.C. § 2851-2,
2851-5 (2000); available at http://iccvam.niehs.nih.gov/about/PL 106545.pdf) with evaluating
the scientific validity of new, revised, and alternative toxicological test methods applicable to
U.S. Federal agency safety testing requirements. Following such evaluations, ICCVAM is
required to provide recommendations to U.S. Federal agencies regarding the usefulness and
limitations of such methods.

In October 2003, the U.S. Environmental Protection Agency (EPA) formally nominated
several ocular toxicity test method activities to ICCVAM. ICCVAM determined that four in
vitro test methods proposed for identifying potential ocular corrosives and severe irritants in
a tiered-testing strategy should have the highest priority for evaluation. This was based on
the availability of existing validation data for all four methods and the fact that determining
the adequacy of validation' is a prerequisite for test methods to be considered for regulatory
acceptance (ICCVAM 1997, 2003). The four test methods were the Bovine Corneal Opacity
and Permeability (BCOP) assay, the Hen’s Egg Test - Chorioallantoic Membrane (HET-
CAM) assay, the Isolated Chicken Eye (ICE) assay, and the Isolated Rabbit Eye (IRE) assay.

An ICCVAM Ocular Toxicity Working Group (OTWG) was established to work with the
National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) to carry out the test method evaluations. ICCVAM and
NICEATM also collaborated closely with the European Centre for the Validation of
Alternative Methods (ECVAM) in conducting the evaluations, with Drs. Chantra Eskes and
Valérie Zuang serving as ECVAM liaisons to the OTWG.

NICEATM, in conjunction with the OTWG, prepared four comprehensive background
review documents (BRDs) reviewing the available data and information for each of the four
in vitro test methods. Each BRD described the current validation status of the in vitro test
method, including its reliability and accuracy, the scope of the substances tested, and the
availability of a standardized protocol. The BRDs were based on published studies using the
respective test method, and other data and information submitted in response to a 2004 public
call for information. The draft BRDs were made available to the public for comment on
November 1, 2004, and a public independent expert panel meeting also was announced.

The ICCVAM organized an international independent Expert Panel meeting on January 11-
12, 2005, to assess the validation status of these four in vitro test methods for identifying
ocular corrosives or severe irritants. While a comprehensive review was conducted, public
comments at the meeting revealed that additional relevant data were available that had not
yet been provided in response to earlier requests for data. Accordingly, the Expert Panel
recommended that if such data could be obtained, a reanalysis of each test method should be

'Validation is the process by which the reliability and relevance of a test method are established for a specific

purpose (ICCVAM 1997, 2003).
xiii
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performed. Availability of the Expert Panel’s independent report was announced on March
21, 2005.

In response to the Expert Panel’s recommendation, a second public request for in vitro data
was published on February 28, 2005. In response to this request, additional in vitro test
method data and corresponding in vivo rabbit eye test results were submitted for the BCOP,
HET-CAM, and ICE test methods. The additional data, together with clarified rules for
hazard classification and reclassification of the chemical classes of the test substances
necessitated a reanalysis of the accuracy and reliability of all four test methods. The
accuracy and reliability reanalyses and a revised reference substances list for validation of in
vitro tests to detect ocular corrosives and severe irritants were provided in a BRD Addendum
released on July 26, 2005.

The Expert Panel was subsequently reconvened via teleconference on September 19, 2005 to
discuss the BRD Addendum. The Expert Panel provided final conclusions regarding the
effects of the information in the BRD Addendum on their original evaluation from the
January 11-12, 2005 meeting. The report of this meeting also was published and public
comments requested.

The draft BRDs, draft BRD Addendum, Expert Panel report and addendum, and all public
comments were subsequently made available to the Scientific Advisory Committee on
Alternative Toxicological Methods (SACATM) for comment at their meeting on December
12, 2005. The SACATM concurred with the consensus conclusions of the Expert Panel.

The ICCVAM and OTWG considered the Expert Panel report and addendum, the revised
accuracy and reliability analyses, all public comments, and the comments of SACATM in
preparing the final ICCVAM test method recommendations provided in this report. This
report will be made available to the public and provided to U.S. Federal agencies for
consideration, in accordance with the ICCVAM Authorization Act of 2000 (42 U.S.C. §
2851-2, 2851-5 [2000]) (Available at http://iccvam.niehs.nih.gov/about/PI. 106545.pdf).
Agencies with applicable testing regulations and/or guidelines must respond to ICCVAM
within 180 days after receiving the ICCVAM recommendations. These responses will be
made available to the public on the ICCVAM website (http://iccvam.niehs.nih.gov) as they
are received.

In this Test Method Evaluation Report, ICCVAM states that there are sufficient data to
substantiate the use of BCOP and ICE test methods, with certain limitations, as a screening
test to identify substances as ocular corrosives and severe irritants in a tiered-testing strategy,
using a weight-of-evidence approach. When used in this manner, these methods should
reduce the number of animals needed for ocular toxicity testing and refine animal use by
avoiding the pain and distress associated with testing severely irritating and corrosive
substances. Since ocular irritancy testing may involve more than slight or momentary pain or
distress, alternative test methods must be considered prior to the use of animals, as required
by U.S. Federal animal welfare regulations and policies. Accordingly, in vitro alternative
test methods should be considered prior to in vivo ocular testing and used where determined
appropriate for a specific testing situation. Consistent with the mission of ICCVAM,
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appropriate use of these methods will support improved animal welfare while ensuring the
continued protection of human health.
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EXECUTIVE SUMMARY

The Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) recently completed the technical evaluation of the validation status of four in
vitro ocular irritation test methods proposed as screening tests” for 1dentifying potential
ocular corrosives and severe irritants in a tiered-testing strategy”, as part of a weight-of-
evidence approach. The four test methods are the Bovine Corneal Opacity and Permeability
(BCOP) assay, the Hen’s Egg Test - Chorioallantoic Membrane (HET-CAM) assay, the
Isolated Chicken Eye (ICE) assay, and the Isolated Rabbit Eye (IRE) assay. The U.S.
Environmental Protection Agency (EPA) formally nominated these test methods for
evaluation by ICCVAM in October 2003. In addition to evaluating their current usefulness
and limitations as screening tests for identifying ocular corrosives and severe irritants,
ICCVAM developed a recommended standardized protocol for each test method; made
recommendations, where considered appropriate, for further research and development,
optimization, and/or validation efforts; and developed a list of reference substances for such
activities.

None of the four in vitro test methods evaluated can be considered to be replacements for the
in vivo rabbit eye test. However, based on the available data, BCOP and ICE can be used, in
appropriate circumstances and with certain limitations, as screening tests for the detection of
ocular corrosives and severe irritants in a tiered-testing strategy, as part of a weight-of-
evidence approach. At the present time, HET-CAM, using the decision criteria of Luepke
(1985), and IRE are not recommended as screening tests for the identification of ocular
corrosives and severe irritants for regulatory hazard classification purposes. Before HET-
CAM and IRE can be recommended for this purpose, the protocol and the decision criteria
for the identification of ocular corrosives and severe irritants need to be optimized and
undergo further validation.

This evaluation provides validation information that should be helpful to various
stakeholders (e.g., applicable U.S. Federal regulatory agencies, the international regulatory
community, the pharmaceutical, pesticide, and commercial chemical industries) in
determining when these test methods might be useful and which test method might be the
most appropriate for a specific testing situation. These in vitro test methods, when used
appropriately, will reduce and refine animal use for ocular safety testing.

2According to the ICCVAM Guidelines for the Nomination and Submission of New, Revised, and Alternative
Test Methods, a screen or screening test is “a rapid, simple test conducted for the purposes of a general
classification of substances according to general categories of hazard. The results of a screen generally are used
for preliminary decision making and to set priorities for more definitive tests. A screening test may have a
truncated response range (e.g., be able to reliably identify active chemicals but not inactive chemicals)”
(ICCVAM 2003).

’A tiered-testing strategy approach may not be applicable to purposes other than regulatory classification and
labeling.
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Specific Test Method Recommendations

BCOP Test Method

There are sufficient data to support the use of the BCOP test method, in appropriate
circumstances and with certain limitations, as a screening test to identify substances as ocular
corrosives and severe irritants (i.e., EPA Category I, United Nations [UN] Globally
Harmonized System of Classification and Labelling of Chemicals [GHS] Category 1,
European Union [EU] R41) in a tiered-testing strategy, as part of a weight-of-evidence
approach. The identified limitations for this test method are based on the false negative and
false positive rates observed for certain chemical and physical classes. Based on the
available database, the false negative rates for alcohols and solids range from 67% 2/3)* to
100% (2/2) and 42% (5/12) to 50% (5/10), respectively, depending on the hazard
classification system. Additionally, the false positive rates for alcohols, ketones, and solids
range from 50% (7/14) to 56% (9/16), 40% (4/10), and 10% (2/20 to 2/21), respectively,
depending on the hazard classification system. When substances within these chemical and
physical classes are excluded from the database, the accuracy of BCOP across the EU, EPA,
and GHS classification systems ranges from 87% (72/83) to 92% (78/85) and the false
negative and false positive rates range from 0% (0/27) to 12% (3/26) and 12% (7/58) to 16%
(9/56), respectively.

Coefficient of variation (CV) analysis of BCOP test method intralaboratory repeatability data
(In Vitro Irritancy Scores) from two studies ranged from 11.8% to 14.2% for 16 substances
of varying irritancy and from 1.1% to 13% for five substances predicted as severe irritants.
Intralaboratory reproducibility evaluations indicated mean and median CV values for
permeability values were 33.4% and 29.0%, respectively, for 25 surfactant-based personal
care cleaning formulations in one study. Mean CV values of In Vitro Irritancy Scores for 16
substances tested two or more times in three laboratories ranged from 12.6% to 14.8%, while
the median CV values ranged from 6.7% to 12.4%.

In a qualitative assessment of interlaboratory reproducibility of hazard classification
category, 67% to 94% of the substances were classified the same by the participating
laboratories. Substances with less than complete agreement in the testing laboratories
include those representing such chemical classes as alcohols, ketones, and heterocyclic
compounds, and such product classes as solvents, surfactants, chemical intermediates, and
pesticides.

A quantitative evaluation of interlaboratory reproducibility was conducted for three studies
by performing a CV analysis of In Vitro Irritancy Scores obtained for substances tested in
multiple laboratories. In these studies, the mean and median CV values were (a) 36% and
17%, respectively, for results obtained in either 11 or 12 laboratories, (b) 25% and 22%,

“The numbers in parentheses represent the numbers used to calculate the percentages. For the false negative or
false positive rates, the numerators represent the total number of substances incorrectly identified as negatives
or positives, respectively, by the in vitro test method, while the denominators represent the total number of
substances identified as negatives or positives, respectively, by the in vivo rabbit eye test method.
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respectively, for results obtained in five laboratories, and (c) 32.4% and 22.8%, respectively,
for results obtained in three laboratories.

When studies are conducted using the BCOP test method, the study protocol should be based
on the recommended standardized test method protocol provided in Appendix D.
Exceptions and/or changes to the standardized test method protocol should be accompanied
by a scientific rationale.

Users should be aware that BCOP’s performance characteristics and the standardized test
method protocol could be revised as additional data become available. For example, the
current validation database did not allow for adequate evaluation of all chemical or product
classes (e.g., formulations). Additional data may allow for further evaluation of this, as well
as other chemical and product classes. Therefore, prior to initiation of BCOP studies,
investigators are encouraged to consult the ICCVAM/National Toxicology Program
Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM)
website (see http://iccvam.niehs.nih.gov/methods/eveirrit.htm) to review the most current
validation database, overall performance characteristics, chemical and physical class
performance characteristics, and the recommended standardized test method protocol.
Evaluation of the most current information will allow users to determine the appropriateness
of this test method for evaluating substances that are within a specific chemical, physical, or
product classes.

To further characterize and potentially improve the usefulness of the BCOP test method for
identifying ocular corrosives and severe irritants, and to evaluate its possible future use for
the identification of mild and moderate ocular irritants (e.g., EPA Category II, III, and IV;
GHS Category 2; EU R36), the following evaluations are recommended:

1. A histopathological evaluation of the corneal tissue, using a standardized
scoring scheme, should be conducted. Such data will allow for the
development of standardized decision criteria and a more comprehensive
evaluation of the usefulness of this endpoint for classifying and labeling
substances, especially those that may otherwise produce borderline or false
negative results.

2. Studies should be conducted to evaluate the impact of using a corneal holder
that maintains normal corneal curvature (e.g., the corneal mounting system
designed by Ubels et al. 2002) on accuracy and/or reliability of the BCOP: test
method.

3. The effect of modifying various test method protocol components (e.g.,
changing the duration of exposure) on the accuracy and/or reliability of the
BCORP test method should be evaluated.

ICE Test Method

There are sufficient data to support the use of the ICE test method, in appropriate
circumstances and with certain limitations, as a screening test to identify substances as ocular
corrosives and severe irritants (i.e., EPA Category I, UN GHS Category 1, EUR41)ina
tiered-testing strategy, as part of a weight-of-evidence approach. The identified limitations
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for this method are based on the false negative and false positive rates that are observed for
certain chemical and physical classes. Based on the available database, the false negative
rates for alcohols, surfactants and solids range from 33% (1/3) to 50% (1/2), 44% (4/9) to
57% (4/7), and 46% (6/13) to 70% (7/10), respectively, depending on the hazard
classification system. Additionally, the false positive rates for alcohols range from 27%
(3/11) to 50% (5/10), depending on the hazard classification system evaluated. When
substances within these chemical and physical classes are excluded from the database, the
accuracy of ICE across the EU, EPA, and GHS classification systems ranges from 91%
(72/79 to 75/82) to 92% (69/75) and the false negative and false positive rates range from
29% (2/7) to 33% (3/9) and 5% (4/73) to 6% (4/68 to 4/70), respectively.

The range of CV values for the corneal thickness measurement, when results were compared
within experiments, was from 0.9% to 6.1%. The other endpoints evaluated produced ranges.
of CV values that were larger, with variability most prominent with the nonirritating
substance. The range of CV values for the corneal thickness measurement, when results

were compared across experiments, was from 1.8% to 6.3%. The CV values for the
remaining endpoints had a larger range (e.g., corneal swelling CV = 13.9% to 138.7%).
However, if the nonirritating substance is removed, the range of CV values is reduced (e.g.,
corneal swelling CV = 13.9% to 22.4%).

One interlaboratory comparative study involving four laboratories contained test data on 59
substances for an assessment of interlaboratory reproducibility. Based on a qualitative
analysis, 60% to 70% of the substances classified as ocular corrosives or severe irritants,
depending on the regulatory classification system employed (i.e., EPA 1996, GHS [UN
2003], EU 2001), were correctly identified by all four participating laboratories. A CV
analysis of these same data indicated that the mean and median CV for severe substances
tested was less than 35% for all test method endpoints, with the exception of corneal
swelling.

When studies are conducted using this test method, the study protocol should be based on the
recommended standardized ICE test method protocol provided in Appendix E. Exceptions
and/or changes to the standardized test method protocol should be accompanied by a
scientific rationale.

Users should be aware that ICE’s performance characteristics and the standardized test
method protocol could be revised as additional data become available. For example, the
current validation database did not allow for adequate evaluation of all chemical or product
classes (e.g., formulations). Additional data may allow for further evaluation of this, as well
as other, chemical and product classes. Therefore, prior to initiation of ICE studies,
investigators are encouraged to consult the ICCVAM/NICEATM website (see
http://iccvam.niehs.nih. gov/methods/eveirrit.htm) to review the most current validation
database, overall performance characteristics, chemical and physical class performance
characteristics, and the recommended standardized test method protocol. Evaluation of the
most current information will allow users to determine the appropriateness of this test
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method for evaluating substances that are within a specific chemical, physical, or product
classes.

To further characterize and potentially improve the usefulness of the ICE test method for
identifying severe ocular irritants and corrosives and its possible future use for the
identification of mild and moderate ocular irritants (e.g., EPA Category II, III, and IV; GHS
Category 2; EU R36), the following evaluations are recommended:

1. Additional optimization studies/evaluations should be conducted in an attempt
to decrease the 29% to 33% false negative rate of the ICE test method. After
optimization, additional studies to further assess the reliability and accuracy of
the test method are recommended. \

2. A histopathological evaluation of the corneal tissue, using a standardized
scoring scheme, should be included when the ICE test method is conducted.
Such data will allow for development of decision criteria and future
assessments on the usefulness of this endpoint for classifying and labeling
substances, especially those that may otherwise produce borderline or false
negative results.

ICCVAM also recommends that centering lights be installed on the optical pachymeter, .
which is used to measure corneal thickness, to ensure consistent central corneal thickness
measurements across laboratories.

IRE Test Method

Based on the accuracy (64% [68/107] to 69% [79/114]), false negative (24% [12/49] to 31%
[14/45]), and false positive (35% [23/65] to 40% [25/62]) rates across the EU, EPA, and
GHS classification systems, the use of the IRE test method for screening and identifying
ocular corrosives and severe irritants (i.e., EPA Category I, GHS Category 1, EUR41) ina
tiered-testing strategy, as part of a weight-of-evidence approach, is not recommended. There
also are insufficient data using all four recommended IRE endpoints (corneal opacity,
fluorescein penetration, corneal swelling, and observations of significant effect on corneal
epithelium) to assess test method accuracy and reliability when all these endpoints are
evaluated in a single study.

Based on a qualitative analysis of available data, 100% of the 12 to 18 substances were
correctly identified as severe irritants or ocular corrosives in the IRE by four laboratories
participating in a validation study, when compared to in vivo rabbit eye test data
classification dependent on the regulatory classification system employed (i.e., EPA 1996,
GHS [UN 2003], EU 2001). Substances with less than complete agreement in the testing
laboratories include those representing such chemical classes as alcohols, ketones, and
heterocyclic compounds; and such product classes as organic solvents, surfactants, chemical
intermediates, and pesticides.

A quantitative evaluation of interlaboratory reproducibility was conducted for two studies by

performing a CV analysis of corneal opacity, swelling, and, for the second study, fluorescein
penetration measurements for substances tested in multiple laboratories. The CV analysis of
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the first study indicated that the median CV for 59 substances tested was between 43.4% and
49.7% for the 4-hour corneal opacity and swelling endpoints, respectively. The CV was
between 33.6% and 35.5% when only severe irritants are considered. In the second study
using corneal opacity, swelling, and fluorescein penetration, the median CV for all
substances ranged from 24.0% to 40.0% and from 15.4% to 35.5% when only severe irritants
were considered.

When non-regulatory, validation, or optimization studies are conducted using the IRE test
method, the protocol should be based on the standardized protocol provided in Appendix F.
Exceptions and/or changes to the test method protocol should be accompanied by a scientific
rationale.

Users should be aware that IRE’s performance characteristics and the standardized test
method protocol could be revised as additional data become available. Therefore, prior to
initiation of IRE studies, investigators are encouraged to consult the [CCVAM/NICEATM
website (see http://iccvam.niehs.nih.gov/methods/eyeirrit.htim) to review the most current
validation database, overall performance characteristics, chemical and physical class
performance characteristics, and the recommended standardized test method protocol.
Evaluation of the most current information will allow users to determine the appropriateness
of this test method for evaluating substances that are within a specific chemical, physical, or
product classes.

To potentially improve the usefulness of the IRE test method for identifying severe ocular
irritants and corrosives and its possible future use for the identification of mild and moderate
ocular irritants (e.g., EPA Category II, 11, and IV; GHS Category 2; EU R36), the following
evaluations should be conducted:

1. The IRE test method decision criteria should be optimized. Once optimized,
additional validation studies should be conducted to further evaluate the
relevance and reliability of the IRE test method.

2. A histopathological evaluation of the corneal tissue, using a standardized
scoring scheme, of the corneal tissue should be included when the IRE test
method is conducted. Such data will allow for development of decision
criteria and future assessments on the usefulness of this endpoint for
classifying and labeling substances, especially those that may otherwise
produce borderline or false negative results.

ICCVAM also recommends that centering lights be.installed when an optical pachymeter is
used to measure corneal thickness, to ensure consistent central corneal thickness
measurements across laboratories.

HET-CAM Test Method

ICCVAM evaluated several HET-CAM analysis methods proposed for 1dent1fy1ng
substances that are ocular corrosives or severe irritants. These included one analysis method
termed Irritation Score (IS)(B)-10 and another analysis method termed IS(B)-100. The range
of hazard classification accuracy rates across the EU, EPA, and GHS classification systems
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for these two analysis methods ranged from 65% (64/98) to 68% (69/101) for IS(B)-10 and
52% (69/133) to 57% (94/164) for IS(B)-100, when the decision criteria of Luepke (1985)
were used. The overall false negative and false positive rates of the IS(B)-10 analysis
method range from 30% (10/33 to 12/40) to 32% (10/31) and 33% (20/61) to 36% (24/67),
respectively, depending on the classification system. The overall false negative and false
positive rates for the IS(B)-100 analysis method range from 6% (2/33) to 13% (5/39) and
52% (68/131) to 59% (58/99), respectively, depending on the classification system. Based
on these rates, the use of these analyses methods and decision criteria for screening and
identifying ocular corrosives and severe irritants (i.e., EPA Category I, GHS Category 1, EU
R41) in a tiered-testing strategy, as part of a weight-of-evidence approach, is not
recommended.

The analysis of intralaboratory repeatability was evaluated using data from two different
publications for the IS(B) analysis method. In both studies, the hemorrhage endpoint had the
highest CV value (109.10%-117.56%). Similar results were obtained from the analysis of
intralaboratory reproducibility.

A qualitative analysis of interlaboratory reliability for the also was conducted for the IS(B)
analysis method. For the IS(B)-10 analysis method, the participating laboratories were in
100% agreement for 84 to 85 (79% to 81%) of 104 to 107 substances evaluated, when
compared to all three hazard classification systems. For the IS(B)-100 analysis method, the
participating laboratories in a study were in 100% agreement for 80 to 81 (82% to 84%) of
the 95 to 99 substances evaluated, when compared to all three hazard classification systems.

A quantitative evaluation of interlaboratory reproducibility for 14 substances, evaluated at
100% concentration (IS(B)-100), indicated that the mean and median CV values were
31.86% and 33.04%, respectively. For 12 substances evaluated at 10% concentration (IS(B)-
10), the mean and median CV values were 66.29% and 60.75%, respectively. For the
substances evaluated in another study which used the IS(B) analysis method, the mean and
median CV values for substances tested at 10% concentration were 60.17% and 42.65%,
respectively. For substances tested at 100% concentration in the same study, the mean and
median CV values were lower: 35.21% and 26.22%, respectively.

When non-regulatory, validation, or optimization studies are conducted using the HET-CAM
test method, the protocol should be based on the standardized protocol provided in Appendix
G. Exceptions and/or changes to the test method protocol should be accompanied by a
scientific rationale.

Users should be aware that HET-CAM’s performance characteristics and the standardized
test method protocol could be revised as additional data becomes available. Therefore, prior
to initiation of HET-CAM studies, investigators are encouraged to consult the
ICCVAM/NICEATM website (see http://iccvam.niehs.nih.gov/methods/eyeirrit.htm) to
review the most current validation database, overall performance characteristics, chemical
and physical class performance characteristics, and the recommended standardized test
method protocol. Evaluation of the most current information will allow users to determine
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the appropriateness of this test method for evaluating substances that are within a specific
chemical, physical, or product classes.

To potentially improve the usefulness of the HET-CAM test method for identifying severe
ocular irritants and corrosives and its possible future use for the identification of mild and

moderate ocular irritants (e.g., EPA Category II, III, and IV; GHS Category 2; EU R36),

additional studies should be conducted to further optimize the HET-CAM prediction models
and the decision criteria (e.g., mtc10) that would be used to identify ocular corrosives and
severe irritants for the EPA, GHS, or EU classification systems.

General Recommendations and Comparison of Performance Characteristics for Four
In Vitro Test Methods

Results from appropriately validated in vitro ocular toxicity test methods are recommended
for use in a weight-of-evidence decision making process in accordance with the EPA and EU
ocular testing regulations (EPA 1998, EU 2004) and the GHS tiered-testing strategy (UN
2003). In these testing schemes, when a positive result is obtained in an appropriately
validated in vitro test, a test substance may be classified as an ocular hazard without testing
in rabbits. A substance that tests negative in the in vitro ocular toxicity test would need to be
tested in the in vivo ocular test to identify possible irn vitro false negatives and to identify
moderate and mild ocular irritants. As is appropriate for any test system, there is the
opportunity for confirmatory testing if false positive results are indicated based on a weight-
of-evidence evaluation of supplemental information (e.g., structure-activity relationships,
other testing data). Use of a weight-of-evidence decision making process and a tiered-testing
strategy for classification of substances as ocular corrosives or severe irritants may eliminate
the pain and distress that might be experienced by rabbits who otherwise would have been
administered these test substances.

The comparative accuracy and false positive/false negative rates of these four in vitro ocular
toxicity test methods in identifying ocular corrosives and severe irritants using the EU, EPA,
and GHS classification systems are summarized in Table 6-1. Exclusion of specific
chemical and physical classes increases the accuracy and decreases the false positive and
false negative rates for BCOP and ICE. ICCVAM recommends that users consider, to the
extent possible, the chemical and physical structures of the substances to be tested to
determine whether either of these test methods would be appropriate to use as a screening
test for ocular corrosion or severe irritation. Additional studies with each test method are
recommended to determine if modification of the test method standardized protocol and/or
the decision criteria for classification of a test substance as a corrosive/severe irritant or as a
nonsevere irritant/nonirritant can improve test method sensitivity and specificity.

Additional research and development, optimization, and/or validation efforts should use
reference substances with existing rabbit data. Additional rabbit studies should be conducted
only if important data gaps are identified. If such studies are conducted, they should be
designed to minimize the number of rabbits tested, to minimize or avoid pain and distress,
and to maximize the information collected. Design and conduct of such studies should be n
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accordance with the recommendations from the Scientific Symposium on Mechanisms of
Chemically-Induced Ocular Injury and the Scientific Symposium on Minimizing Pain and
Distress in Ocular Safety Testing (see

http://iccvam.niehs.nih. gov/methods/ocudocs/ocumeet/sympinfo.htm). These symposia were
organized by ICCVAM, NICEATM, and the European Centre for the Validation of
Alternative Methods.

All raw data generated using any of the recommended standardized in vitro ocular testing
protocols and the in vivo rabbit eye test on the same substance should be submitted to
NICEATM to expand the available validation database for these four test methods. The
availability of such data will allow for additional retrospective evaluations of test method
accuracy and/or reliability. Ideally, all substances should be completely identified (e.g.,
chemical name, chemical class, physicochemical properties). However, if this is not possible
for proprietary reasons, data may be submitted using coded labels for each substance tested.
If such coding is used, as much information as possible on physical and chemical properties
should be provided to NICEATM.

Although the IRE and HET-CAM test methods cannot currently be recommended for
meeting regulatory testing requirements, there may be non-regulatory uses for these two test
methods. Accordingly, the four in vitro test methods should be considered prior to
conducting in vivo ocular testing and an alternative test method should be used where
determined appropriate for the specific testing situation. Since ocular irritancy testing
frequently involves more than slight or momentary pain or distress, consideration of
alternative test methods prior to the use of animals is necessary to comply with provisions of
U.S. Animal Welfare Act regulations (9 CFR, Part 2, Section 2.31 and 9 CFR, Part 2, Section
2.32), the Public Health Service Policy on the Humane Care and Use of Laboratory Animals
(PHS 2002), and the U.S. Government Principles for the Utilization and Care of Vertebrate
Animals Used in Testing, Research, and Training (National Research Council 1996).

The potential usefulness of combining two or more in vitro test methods in a battery to
identify ocular corrosives and severe irritants should be evaluated. Currently, there is
insufficient guidance on the utility of a battery approach for such determinations.

Interested stakeholders are encouraged to support research and development of alternative
test methods and technologies that may provide for a more accurate assessment of ocular
toxicity and/or advantages in terms of time and cost.

ICCVAM Recommended Substances for Validation of In Vitro Ocular Toxicity Test
Methods for the Evaluation of Ocular Corrosives and Severe Irritants

ICCVAM developed a list of reference substances recommended for the development of
alternative ocular toxicity test methods and for evaluating the performance of any optimized
test method protocol (Appendix H). Use of this standardized list of reference substances
will aid in evaluating the comparative performance of different alternative test methods and,
thus, in the selection of the most appropriate test method(s) to be used for a particular testing
purpose. In accordance with ICCVAM procedures, once an adequate validation database is
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available for any of these test methods, performance standards will be developed that can be
used to evaluate the performance of other test methods that are structurally and functionally
similar. These performance standards will include essential test method components, a
minimum list of reference chemicals (i.e., a subset of the recommended list in this report),
and comparable performance that should be achieved.
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1.0 INTRODUCTION

The Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) is charged by the ICCVAM Authorization Act of 2000 (42 U.S.C. § 2851-2,
2851-5 [2000]; available at http://iccvam.niehs.nih.gov/about/PL.106545.pdf) to evaluate the
scientific validity of new, revised, and alternative toxicological test methods applicable to
U.S. Federal agency safety testing requirements. Following such evaluations, ICCVAM is
required to provide recommendations to U.S. Federal agencies regarding the usefulness and
limitations of such methods.

In August 2003, the ICCVAM Scientific Advisory Committee on Alternative Toxicological
Methods (SACATM) recommended that ICCVAM give high priority to reviewing the
validation status of existing in vifro test methods proposed for identifying ocular corrosives
and severe irritants. In October 2003, the U.S. Environmental Protection Agency (EPA)
formally nominated four in vitro ocular irritation test methods and related activities for
evaluation by ICCVAM. This included review of the current validation status of four ix vitro
test methods proposed for identifying potential ocular corrosives and severe irritants in a
tiered-testing strategy, since validation® of a test method is a prerequisite for it to be
considered for regulatory acceptance (ICCVAM 1997, 2003). The four test methods were
the Bovine Corneal Opacity and Permeability (BCOP) assay, the Hen’s Egg Test -
Chorioallantoic Membrane (HET-CAM) assay, the Isolated Chicken Eye (ICE) assay, and
the Isolated Rabbit Eye (IRE) assay. Within Europe, the European Commission has
concluded that positive results from these four methods can be used to classify and label
substances as severe ocular irritants and corrosives (EU 2004). However, the policy
specifically states:

“These tests are not yet validated, and therefore not included in Annex V.
Positive results can be used to consider a substance a severe irritant and
R41 applied with no further testing. Where a negative result is obtained,
an in vivo test should subsequently be required, as the in vitro tests have
not been shown to adequately discriminate between eye irritants and non-
Irritants.”

ICCVAM unanimously agreed that the four nominated in vitro test methods should have a
high priority for evaluation. An ICCVAM Ocular Toxicity Working Group (OTWG) was
established to work with the National Toxicology Program (NTP) Interagency Center for the
Evaluation of Alternative Toxicological Methods NICEATM) to carry out these evaluations.
ICCVAM and NICEATM also collaborate closely with the European Centre for the
Validation of Alternative Methods (ECVAM), a component of the European Commission’s
Joint Research Centre. Accordingly, ECVAM liaisons were designated for the ICCVAM
OTWG to ensure input and contributions during the evaluation and review process.

*Validation is the process by which the reliability and relevance of a test method are established for a specific

purpose (ICCVAM 1997, 2003).
1
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NICEATM, in conjunction with the OTWG, subsequently prepared four comprehensive
background review documents (BRDs) reviewing the available data and information for each
of the four in vitro test methods. Each BRD described the current validation status of the in
vitro test method, including what is known about its reliability and accuracy, the scope of the
substances tested, and the availability of a standardized protocol.

The BRDs were based on published studies using the respective test method, and other data
and information submitted in response to a 2004 public call for information, which was
published in a Federal Register (FR) notice (FR Vol. 69, No. 57, pp. 13859-61; available at
http://iccvam.niehs.nih.gov/methods/eyeirrit.htm). On November 3, 2004, the availability of
the draft BRDs was announced in an FR notice (Vol. 69, No. 212, pp. 64081-2; available at
http://iccvam.niehs.nih.gov/methods/eyeirrit.htm). The BRDs were made available in
electronic format on the ICCVAM/NICEATM website (Available at

http://iccvam.niehs.nih. gov/methods/eyeirrit.htm) and from NICEATM on request.

The ICCVAM convened an international independent Expert Panel on January 11-12, 2005,
to assess the validation status of these four in vitro test methods for identifying ocular
corrosives or severe irritants. Comments from the public and scientific community on the
BRDs were provided to the Expert Panel and made available on the ICCVAM/NICEATM
website (http://iccvam.niehs.nih. gov/methods/ocudocs/ocucomm.htm). Public comments at
the meeting revealed that additional relevant data was available that had not yet been
provided in response to earlier requests for data. The Expert Panel recommended that the
additional data be requested and that a reanalysis of the accuracy and reliability of each test
method be conducted, where appropriate. On March 21, 2005, the availability of The
ICCVAM Expert Panel Evaluation of the Current Validation Status of In Vitro Test Methods
for Identifying Ocular Corrosives and Severe Irritants was announced via an FR notice (Vol.
70, No. 53, pp. 13513-4; available at http://iccvam.niehs.nih. gov/methods/eyeirrit.htm).

In response to the Expert Panel’s recommendation, an FR notice was published on February
28, 2005 (Vol. 70, No. 38, pp. 9661-2; available at

http://iccvam.niehs.nih. gov/methods/eyeirrit.htm). The notice requested all available in vitro
data on these four in vitro ocular irritancy test methods and corresponding in vivo rabbit eye
test method data, as well as any human exposure data (either via ethical human studies or
accidental exposure). A request for relevant data was re-sent directly to the primary
developers or users of each test method. In response to these requests, additional in vitro test
method data and corresponding in vivo rabbit eye test results were submitted for the BCOP,
HET-CAM, and ICE test methods, which were used for reanalysis of test method
performance.

Further clarification of hazard classification rules for severe irritants also was obtained
subsequent to the release of the four draft BRDs. This change resulted in a small number of
substances previously classified as nonsevere irritants now being classified as severe irritants,
and necessitated a reanalysis of the accuracy and reliability of all four test methods.

The original draft BRDs also provided an evaluation of the accuracy of each test method by
chemical class. The chemical classes assigned to each test substance were revised based on a
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chemical classification system consistent with the U.S. National Library of Medicine’s
Medical Subject Headings (MeSH; available at http://www.nlm.nih.gov/mesh), an
internationally recognized standardized classification scheme. This scheme was used to
ensure consistency in classifying substances by chemical class among all the in vifro ocular
test methods under consideration, and resulted in some chemicals being re-classified into
different chemical classes. As a result, the accuracy of each test method by chemical class
was reanalyzed.

Finally, an additional accuracy analysis was conducted. In this analysis, the accuracy of each
in vitro ocular irritancy test method for detecting ocular corrosives or severe irritants,
depending on whether the in vivo rabbit classification was based on the severity of the
response and/or its persistence to day 21 post-treatment, was determined.

A list of proposed reference substances for validation of in vitro tests to detect ocular
corrosives and severe irritants was included in the draft BRDs released on November 3,
2004. A revised list of proposed reference substances was prepared after consideration of the
following:
e Recommendations of the Expert Panel that resulted from their deliberations on
January 11-12, 2005
*  Submission of additional Draize rabbit eye test results for approximately 300
substances
* Clarification regarding the United Nations (UN) Globally Harmonized System
(GHS) rules for classification of severe irritants (UN 2003) that resulted in the
reclassification of two proposed reference substances from nonsevere to
severe irritants
* Reassignment of the candidate reference substances to chemical classes using
MeSH (NLM 2005)

The accuracy and reliability reanalyses and the revised reference substances list for ,
validation of in vitro tests to detect ocular corrosives and severe irritants were presented in a
BRD Addendum that was released on July 26, 2005, with notification of its release through
the ICCVAM electronic mailing list and via an FR notice (Vol. 70, No. 142, p. 43149;
available at http://iccvam.niehs.nih.gov/methods/eyeirrit.htm). The BRD Addendum was
made available in electronic format on the ICCVAM/NICEATM website and from

NICEATM on request.

The Expert Panel was subsequently reconvened via teleconference on September 19, 2005 to
discuss the BRD Addendum. Prior to this meeting, public comments on the Addendum were
received from three organizations and provided to the Expert Panel for their consideration
(http://iccvam.niehs.nih. gov/methods/ocudocs/addendcomm.htm). The Expert Panel
provided formal comment on each of the four in vitro test methods, as well as the proposed
list of reference substances. In addition, the public were provided time at the public meeting
to comment (although no public comments were provided). The Expert Panel then provided
final endorsement regarding the impact, if any, of the information in the BRD Addendum on
their original evaluation from the January 11-12, 2005 meeting. The availability of The
ICCVAM Expert Panel Evaluation of the Draft Background Review Document for In Vitro

3
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Test Methods For Identifying Ocular Corrosives and Severe Irritants - Addendum was
announced via an FR notice (Vol. 70, No. 211, p. 66451; available at
http://iccvam.niehs.nih. gov/methods/eveirrit.htm) on November 2, 2005.

Subsequently, the draft BRDs and the draft BRD Addendum, the Expert Panel report and its
addendum, and all public comments were made available to the SACATM for their
consideration at their meeting on December 12, 2005. The SACATM agreed with the
conclusions of the Expert Panel.

The ICCVAM and OTWG considered the Expert Panel report and its addendum (Appendix
A), the revised accuracy and reliability analyses (see Appendix B for accuracy analyses
results), all public comments, and the comments of SACATM in preparing the final test
method recommendations that are provided in this report. This report will be made available
to the public and provided to U.S. Federal agencies for consideration, in accordance with the
ICCVAM Authorization Act of 2000 (42 U.S.C. § 2851-2, 2851-5 [2000]; available at
http://iccvam.niehs.nih.gov/about/PL 106545.pdf). Agencies with applicable testing
regulations and guidelines (Appendix C) must respond to ICCVAM within 180 days of
receiving the ICCVAM recommendations. These responses will be made available to the
public on the ICCVAM website (http://iccvam.niehs.nih.gov) as they are received.
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2.0 THE BCOP TEST METHOD
2.1 BCOP Technical Summary

The following technical summary provides a synopsis of the performance analysis described
in the BCOP BRD, which reviewed the available data and information for the test method.®
The BRD describes the current validation status of the BCOP test method, including what is
known about its reliability and accuracy, the scope of the substances tested, and a
standardized protocol. The BRD may be obtained from the ICCVAM/NICEATM website
(http://iccvam.niehs.nih.gov/).

2.1.1 Test Method Description

The BCOP test method is an organotypic model that provides short-term maintenance of
normal physiological and biochemical function of the bovine cornea in an isolated system.

In this test method, damage by the test substance is assessed by quantitative measurements of
changes in corneal opacity and permeability with an opacitometer and an ultraviolet/visible
(UV/VIS) spectrophotometer, respectively. Both measurements are used to calculate an In
Vitro Irritancy Score, which is used to assign an in vitro irritancy classification for prediction
of the in vivo ocular irritation potential of a test substance. Although histopathological data
could not be formally evaluated by ICCVAM, a histopathological assessment can be
included on a case-by-case basis to discriminate borderline cases (i.e., substances that
produce results that preclude assignment to a single category) or to identify ocular damage
that does net produce opacity or permeability changes in the isolated cornea.’
Histopathology also is used for chemical classes or formulations that are not well
characterized in the BCOP assay, where the mode of action cannot be easily predicted, when
delayed effects might be anticipated, or when a more complete characterization of damage is
needed.

The BCOP test method protocols used in the various studies are similar, but not identical.?
Variations in the publicly available BCOP protocols include different instrumentation to _
evaluate opacity, different decision criteria (i.e., prediction models) or in vitro classification
systems, and differences in the use of positive controls, among other methodological
variations. The essential principles of the test method protocol include isolating and
culturing the bovine cornea, treating the isolated cornea with a test substance, collecting
opacity and permeability data, and evaluating the data in relation to a prediction model.
However, given the various uses and applications of the BCOP test method by different
investigators and laboratories, and the evolution of the test method over time, a number of
laboratory-specific differences have been noted regarding the conduct of the test method.

SComparison of the performance analysis for BCOP to the other three in vitro test methods evaluated can be
reviewed in Section 6.0 and Appendix B.
"For the studies discussed here, histopathological endpoints were not evaluated or incorporated into the
accuracy assessment.
*For additional information on this evaluation, please see the BCOP BRD
(http://iccvam.niehs.nih.gov/methods/ocudocs/ocu_brd.htm#bcop).
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2.1.2 Validation Database

A total of 158 substances in eight studies were used to evaluate BCOP test method accuracy.
These substances represented a variety of chemical and product classes ICCVAM 2006a).
The chemical classes tested included alcohols, heterocyclic compounds, carboxylic acids,
ketones, esters, inorganic salts, ethers, hydrocarbons, amines, and onium compounds. The
product classes tested included solvents, surfactants, chemical/synthetic intermediates,
drugs/pharmaceuticals/therapeutic agents, petroleum products, cleaners, personal care
cleansers, hair shampoos, pesticides, plasticizers, reagents, bactericides, and insect repellents.

2,13 Test Method Accuracy

Based on all available data, the BCOP test method has an overall accuracy of 79% (113/143)°
to 81% (119/147), when compared to in vivo rabbit eye test method data classified according
to the EPA (1996), European Union (EU; 2001), or GHS (UN 2003) classification systems.
Furthermore, the BCOP test method has an overall false positive rate of 19% (20/103) to
21% (22/103) and an overall false negative rate of 16% (7/43) to 25% (10/40), when
compared to in vivo rabbit eye test method data classified according to the EPA (1996), EU
(2001), or GHS (UN 2003) classification systems.

There were some notable trends in the performance of the BCOP test method among
substances grouped according to chemical class and/or physicochemical properties (Table
2-1). The chemical classes of substances that were most consistently overpredicted (i.e.,
were false positives) by the BCOP test method, according to the GHS classification system
are alcohols (53%, 8/15) and ketones (40%, 4/10). With regard to physical form, liquids
(26%, 18/68) appear more likely than solids (10%, 2/20) to be overpredicted by the BCOP
test method.

Alcohols (67%, 2/3) also were most often underpredicted (i.e., were false negatives) by the
BCOP test method, according to the GHS classification system. With regard to physical
form, solids (42%, 5/12) appear more likely than liquids (4%, 1/24) to be underpredicted by
the BCOP test method. There was no definitive difference among the underpredicted
substances for which pH information was available.

BCOP test method performance statistics also were evaluated when substances from the
classes that gave the most discordant results were excluded (i.e., alcohols, ketones, solids).
When using the GHS classification system, exclusion of alcohols and ketones individually
resulted in small changes in the performance statistics. However, exclusion of solids from
the data set caused a four-fold decrease in the false negative rate from 16% (7/43) to 4%
(1/29). When both alcohols and ketones were excluded, the accuracy increased from 81%
(119/147) to 88% (103/117) and the false positive rate decreased from 20% (21/104) to 12%
(9/77). The largest changes were observed when all three discordant classes were excluded
from the data set; accuracy increased to 92% (78/85), the false positive rate decreased to 12%
(7/58), and the false negative rate decreased to 0% (0/27).

The numbers in parentheses represent the data used to calculate the percentages noted.
' 6
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Table 2-1 False Positive and False Negative Rates of the BCOP Test Method, by
Chemical Class and Properties of Interest, for the GHS Classification
System
Category N! False Positive Rate’ False Negative Rate’
% No.* % No.
Overall 147 20 21/104 16 7/43
Chemical Class®
Alcohol 18 53 8/15 67 2/3
Amine/Amidine 8 0 0/4 0 0/4
Carboxylic acid 15 38 3/8 14 1/7
Ester 12 12 1/8 0 0/4
Ether/Polyether 6 0 0/5 0 0/1
Heterocyclic 12 33 2/6 17 1/6
Hydrocarbon 12 8 1/12 - 0/0
Inorganic salt 5 0 0/3 0 0/2
Ketone 10 40 4/10 - 0/0
Onium compound 11 0 0/3 0 0/8
Properties of Interest
Liquids 92 26 18/68 4 1/24
Solids 32 10 2/20 42 5/12
Pesticide 8 33 1/3 40 2/5
Surfactant — Total® 35 5 1/21 7 1/14
-nonionic 5 0 0/4 0 0/1
-anionic 3 0 .02 100 111
-cationic 6 0 0/1 0 0/5
pH — Total’ 28 - - 21 5/24
- acidic (pH < 7.0) 11 - - 18 2/11
- basic (pH > 7.0) 15 - - 23 3/13
- equals 7 2 - - - -
Category 1 Subgroup® -
Total 38" - - 18 7/38
- 4 (CO=4 at any time) 20 - - 15 3/20
- 3 (severity/persistence) 1 - - 0 0/1
- 2 (severity) 4 - - 25 1/4
- 2-4 combined’ 25 - - 16 4/25
- 1 (persistence) 13 - - 23 3/13

Abbreviations: BCOP = Bovine Corneal Opacity and Permeability; CO = corneal opacity; GHS = Globally
Harmonized System (UN 2003).

'N = number of substances.

*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.

Chemical classes included in this table are represented by at least five substances tested in the BCOP test
method and assignments are based on the MeSH categories (www.nlm.nih.gov/mesh).

SCombines single chemicals labeled as surfactants along with surfactant-containing formulations.

"Total number of GHS Category 1 substances for which pH information was obtained.

SNICEATM-defined subgroups assigned based on the lesions that drove classification of a GHS Category 1
substance. 1: based on lesions that are persistent; 2: based on lesions that are severe (not including CO=4); 3:
based on lesions that are severe (not including CO=4) and persistent; 4: CO=4 at any time.

*Subcategories 2 to 4 combined to allow for a direct comparison of GHS Category 1 substances classified in vivo
based on some lesion severity component and those classified based on persistent lesions alone.

"%The number of substances evaluated in the Category 1 subgroup analysis may be less than the total number of
in vivo Category 1 substances evaluated since some substances could not be classified into the subgroups used in
the evaluation.
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Finally, the underpredicted substances were more likely to be classified in vivo (according to
the GHS classification system) based on persistent lesions, rather than on severe lesions.
However, three substances that caused severe lesions in vivo (corneal opacity=4) were false
negatives in BCOP.

The performance statistics for the EPA and EU classification systems are similar to those
discussed for the GHS classification system. Additional information on the performance
characteristics of the BCOP test method for the EPA and EU classification systems can be
obtained from Section 6.0, Appendix B, and the BCOP BRD.

2.1.4 Test Method Reliability (Inter- and Intra-Laboratory Reproducibility)
Quantitative BCOP test method data were available for replicate corneas within individual
experiments or for replicate experiments within an individual laboratory for three studies.
Therefore, an evaluation of the intralaboratory repeatability and reproducibility of the BCOP
test method could be conducted. Intralaboratory repeatability of In Vitro Irritancy Scores
was assessed by analyzing two studies for substances predicted as severe eye irritants (/n
Vitro Scores >55.1). For 16 substances of varying irritancy evaluated in one study, the
median coefficient of variation (CV) for In Vitro Irritancy Scores for replicate corneas (n=3)
ranged from 11.8% to 14.2%. In a second study, the range of mean and median CV values
for In Vitro Irritancy Scores for replicate corneas (n=4) was 1.1% to 13% for five substances
predicted as severe irritants.

A CV analysis of intralaboratory data (/n Vitro Irritancy Scores) from two studies indicated
the following intralaboratory reproducibility of the BCOP test method for substances
predicted as severe eye irritants. In one study, the between experiment (n=3) mean and
median CV values for permeability values were 33.4% and 29.0%, respectively, for 25
surfactant-based personal care cleaning formulations. In the second study, the between
experiment mean CV values of In Vitro Irritancy Scores for 16 substances tested two or more
times in three laboratories ranged from 12.6% to 14.8%, while the median CV values ranged
from 6.7% to 12.4%.

Additionally, comparable BCOP data were available for multiple laboratories within each of
three comparative validation studies, which allowed for an evaluation of the interlaboratory
reproducibility of the BCOP test method. For these studies, interlaboratory reproducibility
was evaluated qualitatively based on the ocular irritancy classification assigned to each
substance by each laboratory, and quantitatively using In Vitro Irritancy Scores. In the
qualitative assessment of interlaboratory reproducibility of hazard classification category,
67% to 94% of the substances were classified the same by the participating laboratories.
Substances with less than complete agreement in the testing laboratories include those
representing such chemical classes as alcohols, ketones, and heterocyclic compounds, and
such product classes as solvents, surfactants, chemical intermediates, and pesticides. A
quantitative evaluation of interlaboratory reproducibility was conducted for these three
studies by performing a CV analysis of In Vitro Irritancy Scores obtained for substances
tested in multiple laboratories. In one study, the 17 substances predicted as severe in the
BCOP assay had mean and median CV values of 36% and 17%, respectively, for results
obtained in either 11 or 12 laboratories. In a second study, the 32 substances predicted as
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severe in the BCOP assay had mean and median CV values of 25% and 22%, respectively,
for results obtained in five laboratories. In a third study, the mean and median CV values for
the In Vitro Irritancy Scores of the 16 substances were 32.4% and 22.8%, respectively, for
results obtained in three laboratories.

Finally, the interlaboratory correlation between BCOP test method endpoint data generated
by each laboratory was determined for 60 substances, as well as for various subsets of test
substances (water-soluble, water-insoluble, surfactants, solids, solutions, and liquids). This
analysis yielded a range of correlation coefficients for the subsets of test substances.
Interlaboratory correlation coefficients for the In Vitro Irritancy Score generally spanned a
range of 0.867 to 0.958 depending on the specific subsets of substances being evaluated.

2.2 ICCVAM Recommendations for the BCOP Test Method

221 Use of the BCOP Test Method

ICCVAM recognizes that the BCOP test method is not proposed as a stand alone
replacement for the in vivo rabbit eye test method currently used for regulatory classification
and labeling. ICCVAM concludes that there are sufficient data to support the use of the
BCOP test method, in appropriate circumstances and with certain limitations, as a screening
test to identify substances as ocular corrosives and severe irritants (i.e., EPA Category I, UN
GHS Category 1, EU R41) in a tiered-testing strategy, as part of a weight-of-evidence
approach.'’

The identified limitations for this test method are based on the false negative and false
positive rates that are observed for certain chemical and physical classes. Based on the
available database, the false negative rates for alcohols and solids range from 67% (2/3) to
100% (2/2) and 42% (5/12) to 50% (5/10), respectively, depending on the hazard
classification system. Additionally, the false positive rates for alcohols, ketones, and solids
range from 50% (7/14) to 56% (9/16), 40% (4/10), and 10% (2/20 to 2/21), respectively,
depending on the hazard classification system. When substances within these chemical and
physical classes are excluded from the database, the accuracy of BCOP across the EU, EPA,
and GHS classification systems ranges from 87% (72/83) to 92% (78/85) and the false
negative and false positive rates range from 0% (0/27) to 12% (3/26) and 12% (7/58) to 16%
(9/56), respectively.

A tiered-testing strategy for ocular irritation/corrosion (e.g., as described in the Globally
Harmonized System of Classification and Labelling of Chemicals; UN 2003) allows for the
use of validated and accepted in vitro methods prior to the use of animals for ocular safety
testing. In a tiered testing strategy, when a positive result is obtained in an appropriately
validated in vitro test, a test substance may be classified as an ocular hazard without testing
in rabbits. A substance that tests negative in the in vitro ocular toxicity test would need to be
tested in the in vivo ocular test to identify possible in vitro false negatives and to identify
moderate and mild ocular irritants. As is appropriate for any test system, there is the

"The recommendations are based on the performance results for BCOP without the use of histopathology for

decision making purposes.
9
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opportunity for confirmatory testing if false positive results are suggested based on a weight-
of-evidence evaluation of supplemental information (e.g., pH, structure-activity relationships,
other testing data). Using in vitro data in a tiered-testing strategy with a weight-of-evidence
decision process to classify substances as ocular corrosives or severe irritants will avoid the
potential pain and distress that might be experienced by rabbits who otherwise would have
been administered these test substances. A tiered-testing strategy may not be applicable to
purposes other than regulatory classification and labeling.

Users should be aware that BCOP’s performance characteristics could be revised as
additional data become available. For example, the current validation database did not allow
for adequate evaluation of all chemical or product classes (e.g., formulations). Additional
data may allow for further evaluation of this, as well as other, chemical and product classes.
Therefore, prior to initiation of BCOP studies, investigators are encouraged to consult the
ICCVAM/NICEATM website (see http://iccvam.niehs.nih.gov/methods/eyeirrit.htm) to
review the most current validation database, overall performance characteristics, and
chemical and physical class performance characteristics. Evaluation of the most current
information will allow users to determine the appropriateness of this test method for
evaluating substances that are within a specific chemical, physical, or product classes.

222 BCOP Test Method Protocol

ICCVAM recommends that when testing is conducted, the BCOP test method protocol
should be based on the BCOP standardized test method protocol provided in Appendix D.
This will facilitate collection of consistent data and expand the current validation database.
Exceptions and/or changes to the proposed standardized test method protocol should be
accompanied by a scientific rationale. Users should be aware that the test method protocol
could be revised based on future optimization and/or validation studies. ICCVAM, therefore,
recommends that test method users consult the ICCVAM/NICEATM website to ensure use
of the most current recommended test method protocol

http://iccvam.niehs.nih. gov/methods/eyeirrit.htm).

2.2.3 Optimization of the Current BCOP Test Method Protocol
The current ICCVAM recommendations are focused on the use of the BCOP test method as a

screening test for ocular corrosives and severe irritants (see Section 2.2.1). For that use, the
current test method protocol should be sufficient. To further the use of this test method and
to evaluate the use of the BCOP test method as a potential replacement for the in vivo rabbit
eye test method or for the identification of mild and moderate ocular irritants (e.g., EPA
Category 11, II1, and IV; GHS Category 2; EU R36), ICCVAM recommends additional
studies be considered and undertaken to decrease the false positive rate of this test method.

A histopathological evaluation of the corneal tissue, using a standardized scoring scheme,
should be conducted. Such data will allow for the development of standardized decision
criteria and a more comprehensive evaluation of the usefulness of this endpoint for
classifying and labeling substances, especially those that may otherwise produce borderline
or false negative results

10
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Studies should be conducted to evaluate the impact of using a corneal holder that maintains
normal corneal curvature (e.g., the corneal mounting system designed by Ubels et al. 2002)
on accuracy and/or reliability of the BCOP test method.

ICCVAM also recommends that an evaluation be conducted on the effect of modifying

various test method protocol components (e.g., duration of test substance exposure) on the
accuracy and/or reliability of the BCOP test method.

11
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3.0 THE ICE TEST METHOD
3.1 ICE Technical Summary

The following technical summary provides a synopsis of the performance analysis described
in the ICE BRD, which reviewed the available data and information for the test method.'!
The BRD describes the current validation status of the ICE test method, including what is
known about its reliability and accuracy, the scope of the substances tested, and a
standardized protocol. The BRD may be obtained from the ICCVAM/NICEATM website
(http://iccvam.niehs.nih.gov/).

3.1.1 Test Method Description

The ICE test method is an organotypic model that provides short-term maintenance of the
chicken eye in an isolated system. In this test method, damage by the test substance is
assessed by determination of corneal swelling, opacity, and fluorescein retention. While the
latter two parameters involve a subjective assessment, analysis of corneal swelling provides
an objective measurement. This objective measure potentially provides improved precision
and reduced interlaboratory variability compared to the traditional in vivo rabbit eye test,
which relies only on subjective measurements. Each measurement is either converted into a
quantitative score used to calculate an overall Irritation Index, or assigned a qualitative
categorization that is used to assign an in vitro irritancy classification. Either of these
outcomes can then be used to predict the in vivo ocular irritation potential of a test substance.
A histopathological assessment also can be included on a case-by-case basis to discriminate
borderline cases (i.e., substances that produce results that preclude assignment to a single
category).

The ICE test method protocols used in the various studies are similar, but not identical.'?

The primary difference among these protocols was the number of treated eyes per test
substance. Acceptable ranges for negative control responses, historical data used to establish
these ranges, and procedures to determine the optimum quantity of test substance to be
applied have not been published.

3.1.2 Validation Database

A total of 154 substances in five studies were used to evaluate ICE test method accuracy.
These substances represent a variety of chemical and product classes ICCVAM 2006b). The
chemical classes tested included, but were not limited to, acyl halides, alcohols, alkalis,
amines/amidines, carboxylic acids, esters, heterocyclic, hydrocarbons, inorganic salts,
ketones, onium compounds, and organophosphates. Commercial products or formulations
tested included, but were not limited to, detergents, pesticides, silicone powder, ink, solvents,
surfactants, toilet cleaners, and thermal paper coatings.

"'Comparison of the performance analysis for ICE to the other three in vitro test methods evaluated can be
reviewed in Section 6.0 and Appendix B.
"’For additional information on this evaluation, please see the ICE BRD
(http://iccvam.niehs.nih.gov/methods/ocudocs/ocu_brd htm#ice).
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3.1.3 Test Method Accuracy

Based on all available data, the ICE test method has an overall accuracy of 83% (120/144) to
87% (134/154), an overall false positive rate of 6% (7/122) to 8% (9/114 to 9/116), and an
overall false negative rate of 41% (13/32) to 50% (15/30), when compared to in vivo rabbit
eye test method data classified according to the EPA ( 1996), EU (2001), or GHS (UN 2003)
classification systems.

There were some notable trends in the performance of the ICE test method among substances
grouped according to chemical class and/or physicochemical properties (Table 3-1). The
chemical class of substances that was most consistently overpredicted (i.e., were false
positives) by the ICE test method according to the GHS classification system is alcohols
(50%, 5/10). With regard to physical form, liquids (10%, 9/90) appear more likely than
solids (0%, 0/24) to be overpredicted by the ICE test method.

No single chemical class was prominently represented among 15 substances that were
underpredicted. Five of the 15 underpredicted substances were unclassified coded substances
and three were carboxylic acids. No other chemical class was represented more than twice.
However, these studies do suggest that surfactants or formulations containing surfactants
(e.g., detergents) (56%, 5/9) may be underpredicted by the ICE test method. They also
suggest that pesticides (60%, 3/5) may be underpredicted.

With regard to physical form, eight of the 15 underpredicted substances were liquids while
seven were solids. However, considering that the total number of solids (36) in the database
is much smaller than the number of liquids (108), solids, with a false negative rate of 58%
(7/12), appear more likely to be underpredicted than liquids, with a false negative rate of
44% (8/18).

ICE test method performance statistics also were evaluated when substances from the classes
that gave the most discordant results were excluded (i.e., alcohols, surfactants, solids). When
using the GHS classification system, exclusion of surfactants and solids individually resulted
in small changes in the performance statistics. However, exclusion of alcohols from the data
set caused a two-fold decrease in the false positive rate from 8% (9/114) to 4% (4/104).
When both alcohols and surfactants were excluded, the false positive rate decreased from 8%
(9/114) to 4% (4/92). The largest changes were observed when all three discordant classes
were excluded from the data set; accuracy increased from 83% (120/144) to 92% (69/75), the
false negative rate decreased from 50% (15/30) to 29% (2/7), and the false positive rate
decreased from 8% (9/114) to 6% (4/68).

Among the eight underpredicted substances for which pH information was available, four
were acidic (pH <7.0) and four were basic (pH >7.0). Basic substances (8) occupy a smaller
proportion of the total database than acidic substances (12), and were more often
underpredicted (50% vs. 33%). However, pH information was obtained for only 20 of the 30
total Category 1 substances.

Finally, the underpredicted substances were more likely to be classified in vivo based on
persistent lesions (according to the GHS classification system) than on severe lesions.
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Table 3-1 False Positive and False Negative Rates of the ICE Test Method, by
Chemical Class and Properties of Interest, for the GHS Classification

System
Category ! False Positive Rate’ False Negative Rate’
% No.* % No.
Overall 144 8 9/114 50 15/30
Chemical Class®
Alcohol 12 50 5/10 50 172
Amine/Amidine 5 0 0/2 33 1/3
Carboxylic acid 10 0 0/3 43 3/7
Ester 9 13 1/8 0 0/1
Heterocyclic 9 0 0/3 33 2/6
Onium compound 8 0 0/2 33 2/6
Properties of Interest
Liquids 108 10 9/90 44 8/18
Solids 36 0 0/24 58 7/12
Pesticide 11 0 0/6 60 3/5
Surfactant — Total 21 0 0/12 56 : 5/9
-nonionic 4 0 0/3 100 1711
-anionic 2 0 0/1 100 11
-cationic 7 0 0/1 33 2/6
pH — Total® 20 - - 40 8/20
- acidic (pH < 7.0) 12 - - 33 4/12
- basic (pH > 7.0) 8 - - 50 4/8
Category 1 Subgroup’
- Total 23° - - 35 8/23
- 4 (CO=4 at any time) 12 - - ‘ 33 4/12
- 3 (severity/persistence) 2 - - 50 12
- 2 (severity) 4 - - 0 0/4
- 2-4 combined® 18 - _ 28 5/18
- 1 (persistence) 5 60 1/5
Abbreviations: CO = corneal opacity; GHS = Globally Harmomzed System (UN 2003); ICE = Isolated Chicken
Eye.

]N number of substances.

’False Negative Rate = the proportion of all positive substances that are falsely identified as negative in vitro.
False Positive Rate = the proportion of all negative substances that are falsely identified as positive in vitro.
“Data used to calculate the percentage.

*Chemical classes included in this table are represented by at least five substances tested in the ICE test method
and assignments are based on the MeSH categories (www.nlm.nih.gov/mesh).

STotal number of GHS Category 1 substances for which pH information was obtained.

"NICEATM-defined subgroups assigned based on the lesions that drove classification of a GHS Category 1
substance. 1:based on lesions that are persistent; 2: based on lesions that are severe (not including CO=4); 3:
based on lesions that are severe (not including CO=4) and persistent; 4: CO=4 at any time.

$Subcategories 2 to 4 combined to allow for a direct comparison of GHS Category 1 substances classified in vivo
based on some lesion severity component and those classified based on persistent lesions alone.

*The number of substances evaluated in the Category 1 subgroup analysis may be less than the total number of in
vivo Category 1 substances evaluated since some substances could not be classified into the subgroups used in
the evaluation.
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However, four substances that caused severe lesions in vivo (corneal opacity=4) were false
negatives in ICE.

The performance statistics for the EPA and EU classification systems are similar to those
discussed for the GHS classification system. Additional information on the performance
characteristics of the ICE test method for the EPA and EU classification systems can be
obtained from Section 6.0, Appendix B, and the ICE BRD.

3.14 Test Method Reliability (Inter- and Intra-Laboratory Reproducibility)

Data were received that allowed for a quantitative analysis of intralaboratory repeatability
and reproducibility of ICE test method endpoints. The range of CV values for the corneal
thickness measurement, when results were compared within experiments, was from 0.9%-to
6.1%. The other endpoints evaluated produced ranges of CV values that were larger, with
variability most prominent with the nonirritating substance. However, this could be an
exaggeration of variability given the relatively small values that were produced from the
nonirritating substance relative to the irritating and corrosive substances (i.e., corneal
swelling values of 2, 0, and 3 yield a higher CV than values of 11, 14, and 18). A similar
discussion also can be applied to the variability among the qualitative endpoints (i.e., corneal
opacity and fluorescein retention) given the small dynamic range of their scores (0-4 or 0-3,
respectively). The range of CV values for the corneal thickness measurement, when results
were compared across experiments, was from 1.8% to 6.3%. The CV values for the
remaining endpoints had a larger range (e.g., comneal swelling CV = 13.9% to 138.7%).
However, if the nonirritating substance is removed, the range of CV values is reduced (e.g.,
corneal swelling CV = 13.9% to 22.4%)).

One interlaboratory comparative study involving four laboratories contained sufficient ICE
test data on 59 substances for an assessment of interlaboratory reproducibility. Based on a
qualitative analysis, 60% to 70% of the substances classified as ocular corrosives or severe
irritants, depending on the regulatory classification system employed (i.e., EPA 1996, GHS
[UN 2003], EU 2001), were correctly identified by all four participating laboratories. A CV
analysis of these same data indicated that the mean and median CV for severe substances
tested was less than 35% for all test method endpoints, with the exception of corneal
swelling.

3.2 ICCVAM Recommendations for the ICE Test Method

3.2.1 Use of the ICE Test Method

ICCVAM recognizes that the ICE test method is not proposed as a stand alone replacement
for the in vivo rabbit eye test method currently used for regulatory classification and labeling.
ICCVAM concludes that there are sufficient data to support the use of the ICE test method,
in appropriate circumstances with certain limitations, as a screening test to identify
substances as ocular corrosives and severe irritants (i.e., EPA Category [, UN GHS Category
1, EU R41) in a tiered-testing strategy, as part of a weight-of-evidence approach.

The identified limitations for this method are based on the false negative and false positive
rates that are observed for certain chemical and physical classes. Based on the available
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database, the false negative rates for alcohols, surfactants and solids range from 33% (1/3) to
50% (1/2), 44% (4/9) to 57% (4/7), and 46% (6/13) to 70% (7/10), respectively, depending
on the hazard classification system. Additionally, the false positive rates for alcohols range
from 27% (3/11) to 50% (5/10), depending on the hazard classification system evaluated.
When substances within these chemical and physical classes are excluded from the database,
the accuracy of ICE across the EU, EPA, and GHS classification systems ranges from 91%
(72/79 to 75/82) to 92% (69/75) and the false negative and false positive rates range from
29% (2/7) to 33% (3/9) and 5% (4/73) to 6% (4/68 to 4/70), respectively.

A tiered-testing strategy for ocular irritation/corrosion (e.g., as described in the Globally
Harmonized System of Classification and Labelling of Chemicals; UN 2003) allows for the
use of validated and accepted in vitro methods prior to the use of animals for ocular safety
testing. In a tiered testing strategy, when a positive result is obtained in an appropriately
validated in vitro test, a test substance may be classified as an ocular hazard without testing
in rabbits. A substance that tests negative in the in vitro ocular toxicity test would need to be
tested in the in vivo ocular test to identify possible in vitro false negatives and to identify
moderate and mild ocular irritants. As is appropriate for any test system, there is the
opportunity for confirmatory testing if false positive results are suggested based on a weight-
of-evidence evaluation of supplemental information (e.g., pH, structure-activity relationships,
other testing data). Using in vitro data in a tiered-testing strategy with a weight-of-evidence
decision process to classify substances as ocular corrosives or severe irritants will avoid the
potential pain and distress that might be experienced by rabbits who otherwise would have
been administered these test substances. A tiered-testing strategy may not be applicable to
purposes other than regulatory classification and labeling.

Users should be aware that ICE’s performance characteristics could be revised as additional
data become available. For example, the current validation database did not allow for
adequate evaluation of all chemical or product classes (e.g., formulations). Additional data
may allow for further evaluation of this, as well as other, chemical and product classes.
Therefore, prior to initiation of ICE studies, investigators are encouraged to consult the
ICCVAM/NICEATM website (seehttp://iccvam.niehs.nih.gov/methods/eveirrit.htm) to
review the most current validation database, overall performance characteristics, and
chemical and physical class performance characteristics. Evaluation of the most current
information will allow users to determine the appropriateness of this test method for
evaluating substances that are within a specific chemical, physical, or product classes.

3.2.2 ICE Test Method Protocol

ICCVAM recommends that when testing is conducted, the ICE test method protocol should
be based on the ICE standardized test method protocol provided in Appendix E. This will
facilitate collection of consistent data and expand the current validation database. Exceptions
and/or changes to the proposed standardized test method protocol should be accompanied by
a scientific rationale. Users should be aware that the test method protocol could be revised
based on future optimization and/or validation studies. ICCVAM, therefore, recommends
that test method users consult the ICCVAM/NICEATM website to ensure use of the most
current recommended test method protocolhttp://iccvam.niehs.nih.gov/methods/eyeirrit.htm).
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323 Optimization of the Current ICE Test Method Protocol
The current ICCVAM recommendations are focused on the use of the ICE test method as a

screening test for ocular corrosives and severe irritants (see Section 3.2.1). For that use, the
current test method protocol should be sufficient. To further the use of this test method and
to evaluate the use of the ICE test method as a potential replacement for the in vivo rabbit eye
test method or for the identification of mild and moderate ocular irritants (e.g., EPA Category
I, I1I, and IV; GHS Category 2; EU R36), ICCVAM recommends additional studies be
considered and undertaken.

Additional optimization studies/evaluations should be conducted in an attempt to decrease
the 29% to 33% false negative rate of the ICE test method. After optimization, additional
studies to further assess the reliability and accuracy of the test method are recommended.

ICCVAM recommends that a histopathological evaluation of the corneal tissue, using a
standardized scoring scheme, be included when the ICE test method is conducted. Such data
will allow for development of decision criteria and future assessments on the usefulness of
this endpoint for classifying and labeling substances, especially those that may otherwise
produce borderline or false negative results.

ICCVAM also recommends that centering lights be installed on the optical pachymeter,

which is used to measure corneal thickness, to ensure consistent central corneal thickness
measurements across laboratories.
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4.0 THE IRE TEST METHOD
4.1 IRE Technical Summary

The following technical summary provides a synopsis of the performance analysis described
in the IRE BRD, which reviewed the available data and information for the test method.'>
The BRD describes the current validation status of the IRE test method, including what is
known about its reliability and accuracy, the scope of the substances tested, and a
standardized protocol. The BRD may be obtained from the ICCVAM/NICEATM website
(http://iccvam.niehs.nih.gov/).

4.1.1 Test Method Description

The IRE test is an organotypic model that provides short-term maintenance of normal
physiological and biochemical function of the entire rabbit eye in an isolated system. In this
test method, damage by the test substance is assessed by determination of corneal swelling,
corneal opacity, fluorescein retention, and effects on the corneal epithelium. Identification of
severe ocular irritants and corrosives is based on reaching or exceeding predetermined cut-off
values in any one of the four endpoints (e.g., product of the corneal opacity and area scores
>3; product of area and intensity scores for fluorescein penetration >4; corneal swelling
>25%; or any significant effect on corneal epithelium (pitting, mottling, stippling, ulceration)
(See Appendix F for details).

The IRE test method protocols used in the various studies are similar, but not identical.**

Examples of some of the test method components that differed among the IRE protocols used
to generate data include:
* temperature of solution used to rinse solids from the eyes ranged from room
temperature to 32°C,
* amount of substance applied as a solid ranged from 25 mg to 100 mg, and
* decision criteria used for classification of substances was based on scores
from two to four endpoints.

4.1.2 Validation Database

A total of 149 substances were evaluated in three studies, of which 25 were commercial
products or formulations (ICCVAM 2006c). The chemical classes tested included, but were
not limited to, alcohols, amides, amines, carboxylic acids, esters, ethers, formulations,
heterocyclic, ketones, onium compounds, and sulfur compounds. The commercial products
or formulations tested were skin cleansers, soaps, shampoos, conditioners, surfactants, and
solvents.

"*Comparison of the performance analysis for IRE to the other three in vitro test methods evaluated can be
reviewed in Section 6.0 and Appendix B.
“For additional information on this evaluation, please see the IRE BRD
(http://icevam.niehs.nih. gov/methods/ocudocs/ocu_brd.htm#ire).
19
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4.1.3 Test Method Accuracy

The overall accuracy (based on the pooled data set'”) for the IRE test method ranged from
64% (68/107) to 69% (79/114) when compared to the in vivo test method data classified
according to the GHS (UN 2003), EPA (1996), and EU (2001) regulatory classification
systems. The overall false positive rates, when compared to these regulatory classification
systems, ranged from 35% (23/65) to 40% (25/62). The overall false negative rates, when
compared to the three regulatory classification systems, ranged from 24% (12/49) to 31%
(14/45).

There were some trends in the performance of the IRE test method among substances

- grouped according to chemical class and/or physicochemical properties (Table 4-1). The

chemical classes that were consistently overpredicted (i.e., false positives), when compared
to classifications based on the GHS classification system, were alcohols (55%, 6/11), amines
(50%, 3/6), and ketones (67%, 4/6). The chemical classes that were underpredicted (i.e.,
false negatives), when compared to classifications based on the GHS classification system,
were carboxylic acids (67%, 4/6) and organic compounds (50%, 3/6).

With regard to physical form, liquids have a higher false positive rate (49%, 18/37) when
compared to solids (22%, 5/23) for the IRE test method. The false negative rates for liquids
and solids were relatively similar (29%, 8/28 vs. 32%, 6/19; respectively).

A subset of the substances evaluated had pH information available. For these substances, the
overall false positive rate was 24% (4/17) and the overall false negative rate was 0% (0/10).

Of the surfactant-based formulations evaluated by this test method, the false positive rate was
25% (2/8) and the false negative rate was 38% (6/16). Comparatively, for substances
identified as surfactants in the database, the false posmve rate was 40% (2/5) and the false
negative rate was 12% (1/8).

Finally, the underpredicted substances were more likely to be classified in vivo (according to
the GHS classification) system based on persistent lesions, rather than severe lesions.
However, three substances that caused severe lesion in vivo (corneal opacity=4) were false
negatives.

The performance statistics for the EPA and EU classification systems are similar to those
discussed for the GHS classification system. Additional information on the performance
characteristics of the IRE test method for the EPA and EU classification systems can be
obtained from Section 6.0, Appendix B, and the IRE BRD.

4.1.4 Test Method Reliability (Inter- and Intra—LaboratorV Reproducibility)
Due to the lack of available quantitative IRE test method data for replicate eyes within
individual experiments or for replicate experiments within an individual laboratory, an

"*The pooled dataset represents the results from all the available studies combined, regardless of the number of
endpoints evaluated by each of the individual studies. Additional information about this dataset can be obtained
from the IRE BRD.
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Table 4-1 False Positive and False Negative Rates of the IRE Test Method, by
Chemical Class and Properties of Interest, for the GHS Classification
System (Analysis Based on the Pooled Data Set)
1 False Positive Rate’ | False Negative Rate’

Category N % No." % No.

Overall 107 38 23/60 30 14/47
Chemical Class®
Alcohol 13 55 6/11 50 12
Amide 5 0 0/3 0 0/2
Amine 11 50 3/6 20 1/5
Carboxylic acid 12 33 2/6 67 4/6
Ester 10 30 3/10 - 0/0
Ether 9 33 2/6 0 0/3
Formulation 24 25 2/8 38 6/16
Heterocycle 18 44 4/9 11 1/9
Ketone 6 67 4/6 - 0/0
Onium compound 0 33 1/3 0 0/7
Organic 12 17 1/6 50 3/6
Sulfur compound 8 20 1/5 33 1/3
Properties of Interest

Liquid/Solution 65 49 18/37 29 8/28
Solids 42 22 5/23 32 6/19
Surfactant-based formulation 24 25 2/8 38 6/16
Surfactants 13 40 2/5 12 1/8
-nonionic 4 33 1/3 0 0/1
-anionic 2 0 0/1 100 111
-cationic 7 100 1/1 0 0/6
pH — Total® 27 24 4/17 0 0/10
-acidic 18 20 2/10 0 0/8
-basic 33 2/6 0 01
-equals 7 2 0 0/1 0 0/1
Category 1 Subgroup’ -
Total 37° - - 32 12/37
-4 (CO=4 at any time) 11 - - 27 3/11
- 3 (severity/persistence) 4 - - 25 1/4
- 2 (severity) 3 - - 33 173
- 2-4 combined® 18 - - 28 5/18
- 1 (persistence) 19 - - 37 7/19

Abbrevxatlons CO = comeal opacity; GHS = Globally Harmonized System (UN 2003); IRE = Isolated Rabbit Eye.

N number of substances.

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

Fa]se Negative Rate = the proportion of all positive substances that are falsely identified as negative in vitro.

Data used to calculate the percentage.

SChemical classes included in this table are represented by at least five substances tested in the IRE test method and
ass:gnments are based on the MeSH categories (www.nim.nih.gov/mesh).

$Total number of GHS Category 1 substances for which pH information was obtained.

"NICEATM-defined subgroups assigned based on the lesions that drove classification of a GHS Category 1 substance. 1:
based on lesions that are persistent; 2: based on lesions that are severe (not including CO=4); 3: based on lesions that are
severe (not including CO=4) and persistent; 4: CO = 4 at any time.

Subcategorxes 2 to 4 combined to allow for a direct comparison of GHS Category 1 substances classified in vivo based on
some lesion severity component and those classified based on persistent lesions alone.

*The number of substances evaluated in the Category 1 subgroup analysis may be less than the number of in vivo Category 1
substances evaluated, since some substances could not be classified into the subgroups used in the evaluation.
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evaluation of the intralaboratory repeatability and reproducibility of the IRE test method
could not be conducted. However, two studies contained sufficient IRE test data (n=59 and
21 substances, respectively) for an assessment of interlaboratory reproducibility based on
data reported for three or four different laboratories. For these studies, interlaboratory
reproducibility was evaluated qualitatively based on the ocular irritancy classification
assigned to each substance by each laboratory and quantitatively using corneal opacity,
swelling in one study, and corneal opacity, corneal swelling and evaluation of fluorescein
penetration in the second study.

Based on a qualitative analysis, 100% of the 12 to 18 substances were correctly identified as
severe irritants or ocular corrosives in the IRE by all four participating laboratories, when
compared to in vivo rabbit eye test data classification dependent on the regulatory
classification system employed (i.e., EPA 1996, GHS [UN 2003], EU 2001). Substances
with less than complete agreement in the testing laboratories include those representing such
chemical classes as alcohols, ketones, and heterocyclic compounds; and such product classes
as organic solvents, surfactants, chemical intermediates, and pesticides.

A quantitative evaluation of interlaboratory reproducibility was conducted for these two
studies by performing a CV analysis of corneal opacity, swelling, and, for the second study,
fluorescein penetration measurements for substances tested in multiple laboratories. The CV
analysis of the first study indicated that the median CV for all 59 substances tested was ’
between 43.4% and 49.7% for the 4-hour corneal opacity and the 4-hour swelling endpoints,
respectively. The CV was between 33.6% and 35.5% when only severe irritants are
considered. In the second study using corneal opacity, swelling, and fluorescein penetration,
the median CV for all substances ranged from 24.0% to 40.0% (the largest variability was for
corneal swelling) and from 15.4% to 35.5% when only severe irritants were considered.

4.2 ICCVAM Recommendations for the IRE Test Method

4.2.1 Use of the IRE Test Method

Based on the accuracy (64% [68/107] to 69% [79/114]), false negative (24% [12/49] to 31%
[14/45]), and false positive (35% [23/65] to 40% [25/62]) rates across the EU, EPA, and
GHS classification systems, the use of the IRE test method for screening and identifying
ocular corrosives and severe irritants (i.e., EPA Category I, GHS Category 1, EUR41)ina
tiered-testing strategy, as part of a weight-of-evidence approach, is not recommended. There
also are insufficient data using all four recommended IRE endpoints (corneal opacity,
fluorescein penetration, corneal swelling, and observations of significant effect on corneal
epithelium) to assess test method accuracy and reliability when all these endpoints are
evaluated in a single study.

Users should be aware that IRE’s performance characteristics could be revised as additional
data become available. Therefore, prior to initiation of non-regulatory, validation, or
optimization IRE studies, investigators are encouraged to consult the ICCVAM/NICEATM
website (seehttp://iccvam.niehs.nih.gov/methods/eyeirrit.htm) to review the most current
validation database, overall performance characteristics, and chemical and physical class
performance characteristics. Evaluation of the most current information will allow users to
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determine the appropriateness of this test method for evaluating substances that are within a
specific chemical, physical, or product classes.

4.2.2 IRE Test Method Protocol

When non-regulatory, validation, or optimization studies are conducted using the IRE test
method, the protocol should be based on the standardized protocol provided in Appendix F.
This will facilitate collection of consistent data and expand the current validation database.
Exceptions and/or changes to the test method protocol should be accompanied by a scientific
rationale.

Users should be aware that IRE’s standardized test method protocol could be revised as
additional data become available. Therefore, prior to initiation of IRE studies, investigators
are encouraged to consult the ICCVAM/NICEATM website (see

http://iccvam.niehs.nih. gov/methods/eyeirrit.htm) to review the most current recommended
standardized test method protocol.

ICCVAM recommends that, for all studies, raw data be collected and maintained. The
availability of such data will allow for further retrospective evaluation of test method
accuracy and/or reliability.

4273 Optimization of the Current IRE Test Method Protocol

ICCVAM recommends that additional evaluation studies be conducted to increase the current
IRE database and optimize the IRE test method decision criteria. Once these studies are
conducted, ICCVAM recommends that additional validation studies be conducted to further
evaluate the relevance and reliability of the IRE test method.

ICCVAM recommends that a histopathological evaluation of the corneal tissue, using a
standardized scoring scheme, be included when the IRE test method is conducted. Such data
will allow for development of decision criteria and future assessments on the usefulness of
this endpoint for classifying and labeling substances, especially those that may otherwise
produce borderline or false negative results.

ICCVAM also recommends that centering lights be installed when an optical pachymeter is
used to measure corneal thickness, to ensure consistent central corneal thickness
measurements across laboratories.
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5.0 THE HET-CAM TEST METHOD
5.1 HET-CAM Technical Summary

The following technical summary provides a synopsis of the performance analysis described
in the HET-CAM BRD, which reviewed the available data and information for the test

. method.'® The BRD describes the current validation status of the HET-CAM test method,
including what is known about its reliability and accuracy, the scope of the substances tested,
and a standardized protocol. The BRD may be obtained from the ICCVAM/NICEATM
website (http://iccvam.niehs.nih.gov/).

5.1.1 Test Method Description

The HET-CAM test method uses the chorioallantoic membrane (CAM), which is a vascular
fetal membrane, composed of the fused chorion and allantois. It was assumed that acute
effects induced by a test substance on the small blood vessels and proteins of this soft tissue
membrane are similar to effects induced by the same test substance in the eye of a treated
rabbit. The CAM has been proposed as a model for a living membrane (such as the
conjunctiva) since it comprises a functional vasculature. Additionally, evaluation of
coagulation (i.e., protein denaturation) may reflect corneal damage that may be produced by
the test substance. The CAM is evaluated for the development of irritant endpoints
(hyperemia, hemorrhage, and coagulation). Depending on the method used to collect data on
the endpoints (time to development, severity of observed effect) qualitative assessments of
the irritation potential of test substances are made.

The HET-CAM test method protocols used in the various studies evaluated are similar, but
not identical. Examples of some of the test method components that differed among the
HET-CAM protocols used to generate data include:
* relative humidity during egg incubation ranged from 52.5% to 62.5%,
*  volume or quantity of the test substance applied to the CAM (when reported)
was either 0.1 mL or 0.3 mL for liquids and 0.3 g for solids,
* number of replicate eggs per test substance ranged from three to six, and
* some studies included concurrent positive control substances, while others did
not.

5.1.2 Validation Database

There were several HET-CAM analysis methods used by the various studies.!” For the
Irritation Score (IS)(A)'® and IS(B)'® analysis methods, data were available to conduct
additional sub-analyses ICCVAM 2006d). For these sub-analyses, substances tested at a
10% concentration or 100% concentration i vifro were compared to responses observed at a
100% concentration tested i vivo (e.g., IS(A)-10, IS(B)-10, IS(B)-100).

16Comparison of the performance analysis for HET-CAM to the other three in vitro test methods evaluated can
be reviewed in Section 6.0 and Appendix B.
""For additional information on this evaluation, please see the HET-CAM BRD
(http://iccvam.niehs.nih.gov/methods/ocudocs/ocu_brd.htm#hetcam).
*® Analysis method described in Luepke (1985).
' Analysis method described in Kalweit et al. (1987).
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A total of 24 and 20 substances were evaluated for the IS(A)-10 and IS(A)-100 analysis
methods, respectively, using the decision criteria of Luepke (1985). For the IS(B)-10 and
IS(B)-100 analysis methods, using the decision criteria of Luepke (1985), 101 and 138
substances were evaluated, respectively. The chemical classes tested included, but were not
limited to, alcohols, amines, esters, ethers, formulations, heterocyclic compounds, inorganic
salts, ketones, and organic salts. The product classes tested included, but were not limited to,
cosmetics, solvents, shampoos, flavor ingredients, and pharmaceutical synthetics.

5.1.3 Test Method Accuracy

For the IS(A) analysis method, accuracy increased when substances were evaluated at in
vitro were tested at 100% concentration compared to the 10% concentration and where in
vivo data were classified according to the EPA (1996), EU (2001), and GHS (UN 2003)
classification systems. The opposite pattern was observed for the IS(B) analysis method; test
method accuracy increased when substances were evaluated in vitro at 10% concentration
(IS(B)-10) compared to the 100% concentration (IS(B)-100) and where in vivo data were
classified according to the EPA (1996), EU (2001), and GHS (UN 2003) classification
systems.

Chemical classes that were overpredicted by the HET-CAM IS(B) analysis methods, when
testing substances at either a 10% or at 100% concentration, include alcohols (IS(B)-10: 89%
[8/9]; IS(B)-100: 88% [14/16]), ethers (IS(B)-10: 50% [5/10]; IS(B)-100: 50% [6/12]),
amines (IS(B)-10: 60% [3/5]; IS(B)-100: 83% [5/6]), organic salts (IS(B)-10: 57% [4/7};
IS(B)-100: 86% [6/7]), and heterocyclic compounds (IS(B)-10: 86% [6/7]; IS(B)-100: 78%
[7/9]). Formulations appeared to have the lowest false positive rates for both IS(B)-10 and
IS(B)-100 (Table 5-1). Chemical classes that were underpredicted by both analysis methods
were amines and ethers.

An evaluation based on the physical form of the test substance in vivo depended on the
analysis method being evaluated. For the IS(B)-100 analysis method, substances tested as
solids in vivo had a false positive rate of 67% (16/24) and substances tested as liquids irn vivo
had a false positive rate of 65% (33/51) (Table 5-1). For the IS(B)-100 analysis method,
substances tested as liquids i vivo had a false negative rate of 0% (0/9) and substances tested
as solids in vivo had a false negative rate of 24% (4/17). For the IS(B)-10 analysis method,
liquids had a false positive rate of 19% (3/16) and false negative rate of 37% (7/19) while
solids had false positive and false negative rates of 58% (11/19) and 13% (1/8), respectively.

An analysis of the ability of the HET-CAM test method to identify ocular corrosives and
severe irritants, depending on the nature of the in vivo ocular lesions (i.e., severity and/or
persistence) responsible for classification of a substance as an ocular corrosive/severe irritant,
indicated that, for IS(B)-10, the underpredicted substances were more likely to be substances
classified as corrosive or severely irritating in vivo based on persistent lesions, with a false
negative rate of 37% (10/27) compared to 15% (2/13) for substances classified as corrosive
or severely irritating in vivo based on severity. For the IS(B)-100 analysis method, the
underpredicted substances were more likely to be substances classified as corrosive or
severely irritating in vivo based on severe lesions, with a false negative rate of 11% (2/19)
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Table 5-1 False Positive and False Negative Rates of the HET-CAM Test Method,
by Chemical Class and Properties of Interest, for the GHS Classification
System
Category N! False Positive Rate’ False Negative Rate’
% No.* % No.
Overall IS(B)-10
(Entire database) 101 33 20/61 30 12/40
Overall IS(B)-100
(Entire database) 138 59 58/99 13 5739
Chemical Class-IS(B)-10°
Alcohol 16 89 8/9 25 2/7
Aldehyde 5 0 0/4 100 1/1
Amine 7 60 3/5 50 1/2
Ether 14 50 5/10 50 2/4
Formulation 24 0 0/8 44 7/16
Heterocyclic 7 86 6/7 ) 0/0
Compound
Organic salt 7 57 4/7 - 0/0
Chemical Class-1S(B)-100°
Alcohol 24 38 14/16 13 1/8
Aldehyde 6 80 4/5 0 0/1
Amine 9 83 5/6 33 1/3
Carboxylic
acid/Carboxylic acid 11 60 3/5 17 1/6
salt
Ester 12 90 9/10 0 0/2
Ether 16 50 6/12 25 1/4
Formulation 27 26 6/23 0 0/4
Heterocyclic 12 78 7/9 33 13
Compound
Inorganic salt 5 100 2/2 0 0/3
Ketone 6 67 4/6 - 0/0
Organic salt 9 86 6/7 0 0/2
Properties of Interest
Physical Form:
IS(B)-10
Liquids/Solutions 35 19 3/16 37 7/19
Solids 27 58 11/19 13 1/8
Unknown 39 23 6/26 31 4/13
Physical Form:
IS(B)-100
Liquids 60 65 33/51 0 0/9
Solids - 41 67 16/24 24 4/17
Unknown 37 38 9/24 8 1/13
Surfactant — Total 2 50 172 - 0/0
IS(B)-100
-nonionic 2 50 172 - 0/0
-anionic 0 - - - -
-cationic 0 - - - -
Surfactant-Based
Formulation — 24 0 0/8 44 7/16
IS(B)-10
pH — IS(B)-10° 35 58 11/19 13 2/16
- acidic (pH < 7.0)
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Category N False Positive Rate’ False Negative Rate’
% No.* % No.
- basic (pH > 7.0) 24 50 7/14 20 2/10
11 80 4/5 0 0/6
pH — IS(B)-100° 35 68 13/19 13 2/16
- acidic (pH < 7.0) 23 69 9/13 10 1/10
- basic (pH > 7.0) 12 67 4/6 17 1/6
Category 1 Subgroup-
IS(B)-107

- Total 40 - - 30 12/40
- 4 (CO=4 at any time) 13 - - 15 2/13
- 3 (severity/persistence) 0 _ - - -
-2 (severit.y) ) 0 _ - - -
1 (ersistence 13 : : 15 2013

27 - - 37 10/27
Category 1 Subgroup-

IS(B)-100’

- Total 38° - - 11 4/38
-4 (CO=4 at any time) 19 - - 11 2/19
- 3 (severity/persistence) 1 _ _ 100 1/1
- 2 (severity) ) _ - 0 02

: 8
1 (ersistence 22 : : 14 3/22
- 16 - 6 1/16

Abbreviations: CO = corneal opacity; GHS = Globally Harmonized System (UN 2003); HET-CAM = Hen’s Egg
Test — Chorioallantoic Membrane.

'N=number of substances.

*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 i vitro.
*Data used to calculate percentages.

’Chemical classes included in this table are represented by at least five substances tested in the HET-CAM test
method and assignments are based on the MeSH categories (www.nlm.nih.gov/mesh).

STotal number of GHS Category 1 substances for which pH information was obtained.

"NICEATM-defined subgroups assigned based on the lesions that drove classification of a GHS Category 1
substance. 1:based on lesions that are persistent; 2: based on lesions that are severe (not including CO=4); 3:
based on lesions that are severe (not including CO=4) and persistent; 4: CO = 4 at any time.

$Subcategories 2 to 4 combined to allow for a direct comparison of GHS Category 1 substances classified in vivo
based on some lesion severity component and those classified based on persistent lesions alone.

*The number of substances evaluated in the Category 1 subgroup analysis may be less than the number of in vivo
Category 1 substances evaluated, since some substances could not be classified into the subgroups used in the
evaluation.

compared to 6% (1/16) for substances classified as corrosive or severely irritating in vivo
based on persistence. However, two substances that were classified based on severe lesions
(1.e., CO=4) were underpredicted by the HET-CAM IS(B)-10 and IS(B)-100 analysis
methods.

The performance statistics for the EPA and EU classification systems are similar to those
discussed for the GHS classification system. Additional information on the performance
characteristics of the HET-CAM test method for the EPA and EU classification systems can
be obtained from Section 6.0, Appendix B, and the HET-CAM BRD.
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5.1.4 Test Method Reliability (Inter- and Intra-Laboratory Reproducibility)

The analysis of intralaboratory repeatability was evaluated using data from two different
publications for the IS(B) analysis method. In both studies, the hemorrhage endpoint had the
highest CV value (109.10%-117.56%). The CV values for the coagulation endpoint ranged
from 41.78% to 95.69%. The difference in the numbers may be due to several factors
including test substances evaluated and differences in the test method protocols used between
the two studies. The calculated variability for the endpoints and the overall test method may
be exaggerated because of the relatively small dynamic ranges for each of the endpoints
(0.02 to 5 for hemorrhage, 0.02 to 7 for lysis, and 0.03 to 9 for coagulation). Similar results
were obtained from the analysis of intralaboratory reproducibility.

A qualitative analysis of interlaboratory reliability also was conducted. For the IS(B)-10
analysis method, the participating laboratories were in 100% agreement for 84 to 85 (79% to
81%) of 104 to 107 substances evaluated, when compared to all three hazard classification
systems. For the IS(B)-100 analysis method, the participating laboratories in a study were in
100% agreement for 80 to 81 (82% to 84%) of the 95 to 99 substances evaluated, when
compared to all three hazard classification systems. There was 100% agreement in regard to
the ocular irritancy classification for 11 (64% to 69%) of the 16 to 17 substances evaluated in
five laboratories using the IS(A) analysis method, when compared to all three hazard
classification systems.

The overall reliability statistics, arranged by HET-CAM data analysis method, were
consistent with what was observed for the individual studies evaluated. For the IS(B)-10, the
statistics were identical to what was discussed previously. For the IS(A) and IS(B)-100
analysis methods, additional data laboratory data was available for a subset of the substances
tested for each analysis method. For both of these analysis methods, the addition of the
results from additional testing laboratories yielded a concordance pattern consistent with that
described above. ‘

A quantitative evaluation of interlaboratory reproducibility was conducted for the same
analysis methods. For one study, two different evaluations were conducted based on the
concentration tested in vitro using the IS(B) analysis method. For 14 substances evaluated at
100% concentration, the mean and median CV values were 31.86% and 33.04%, _
respectively. In the same study, for 12 substances evaluated at 10% concentration, the mean
and median CV values were 66.29% and 60.75%, respectively. For the substances evaluated
in another study which used the IS(B) analysis method, the mean and median CV values for

~ substances tested at 10% concentration were 60.17% and 42.65%, respectively. For
substances tested at 100% concentration in the same study, the mean and median CV values
were lower: 35.21% and 26.22%, respectively. When substances that were tested in three
different testing laboratories (instead of two) were removed from the assessment, little
change was seen in the mean and median CV values for both concentrations tested. For a
study using the IS(A) analysis method, the mean and median CV for substances classified as
GHS Category 1 (UN 2003) were 26.09% and 27.08%, respectively. The mean and median
CV for substances classified as EPA Category I (EPA 1996) were 25.86% and 26.43%,
respectively.
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5.2 ICCVAM Recommendations for the HET-CAM Test Method

5.2.1 Use of the HET-CAM Test Method

ICCVAM evaluated several HET-CAM analysis methods proposed for identifying
substances that are ocular corrosives or severe irritants. These included one analysis method
termed the IS(B)-10 and another analysis method termed IS(B)-100. The range of hazard
classification accuracy rates across the EU, EPA, and GHS classification systems for these
two analysis methods ranged from 65% (64/98) to 68% (69/101) for IS(B)-10 and 52%
(69/133) to 57% (94/164) for IS(B)-100, when the decision criteria of Luepke (1985) were
used. The overall false negative and false positive rates of the IS(B)-10 analysis method
range from 30% (10/33 to 12/40) to 32% (10/31) and 33% (20/61) to 36% (24/67),
respectively, depending on the classification system. The overall false negative and false
positive rates for the IS(B)-100 analysis method range from 6% (2/33) to 13% (5/39) and
52% (68/131) to 59% (58/99), respectively, depending on the classification system. Based
on these rates, the use of these analyses methods and decision criteria for screening and
identifying ocular corrosives and severe irritants (i.e., EPA Category I, GHS Category 1, EU
R41) in a tiered-testing strategy, as part of a weight-of-evidence approach, is not
recommended.

Users should be aware that HET-CAM’s performance characteristics could be revised as
additional data become available. Therefore, prior to initiation of non-regulatory, validation,
or optimization HET-CAM studies, investigators are encouraged to consult the
ICCVAM/NICEATM website (see http://iccvam.niehs.nih.gov/methods/eyeirrit.htm) to
review the most current validation database, overall performance characteristics, and
chemical and physical class performance characteristics. Evaluation of the most current
information will allow users to determine the appropriateness of this test method for
evaluating substances that are within a specific chemical, physical, or product classes.

522 HET-CAM Test Method Protocol

When non-regulatory, validation, or optimization studies are conducted using the HET-CAM
test method, the protocol should be based on the standardized protocol provided in Appendix
G. This will facilitate collection of consistent data and expand the current validation
database. Exceptions and/or changes to the test method protocol should be accompanied by a
scientific rationale.

Users should be aware that HET-CAM’s standardized test method protocol could be revised
as additional data become available. Therefore, prior to initiation of HET-CAM studies,
investigators are encouraged to consult the ICCVAM/NICEATM website (see
http://iccvam.niehs.nib.gov/methods/eyeirrit.htm) to review the most current recommended
standardized test method protocol.

ICCVAM recommends that, for all studies, raw data be collected and maintained. The
availability of such data will allow for further retrospective evaluation of test method
accuracy and/or reliability.
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5.2.3 Optimization of the Current HET-CAM Test Method Protocol

ICCVAM recommends that additional studies should be conducted to further optimize the
HET-CAM prediction models and the decision criteria (e.g., mtc10) that would be used to
identify ocular corrosives and severe irritants for the EPA, GHS, or EU classification
systems. Such studies could potentially improve the usefulness of the HET-CAM test
method for identifying severe ocular irritants and corrosives and its possible future use for
the identification of mild and moderate ocular irritants (e.g., EPA Category II, III, and IV;
GHS Category 2; EU R36).
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6.0 GENERAL RECOMMENDATIONS AND COMPARISON OF
PERFORMANCE CHARACTERISTICS FOR FOUR EVALUATED IN
- VITRO TEST METHODS

In addition to the test method specific recommendations discussed in Sections 2.0 through
5.0, ICCVAM also makes some general recommendations that relate to all the in vitro test
methods discussed.

Table 6-1 provides a comparison of the accuracy, false positive, and false negative rates for
all four in vitro ocular toxicity test methods evaluated for each of the regulatory hazard
classification systems evaluated (EPA, EU, and GHS). As noted in the sections discussing
each of the test methods individually (Sections 2.0 through 5.0), these performance
characteristics are similar among the three hazard classification systems.

Although both BCOP and ICE can be used as screens for the detection of ocular corrosives
and severe irritants in a tiered testing strategy, as part of a weight-of-evidence approach, both
test methods as well as HET-CAM and IRE have limitations. As shown in Table 6-1,
exclusion of specific chemical and physical classes increases the accuracy and decreases the
false positive and false negative rates for BCOP and ICE. ICCVAM recommends that users
consider, to the extent possible, the chemical and physical structures of the substances to be
tested to determine whether either of these test methods would be appropriate to use as a
screening test for ocular corrosion or severe irritation. Also, additional studies with each test
method are recommended to determine if modification of the test method standardized
protocol and/or the decision criteria for classification of a test substance as a corrosive/severe
irritant or as a nonsevere irritant/nonirritant can improve test method sensitivity and
specificity.

Results from appropriately validated in vitro ocular toxicity test methods are recommended
for use in a weight-of-evidence decision making process in accordance with the EPA and EU
ocular testing regulations (EPA 1996, EU 2004) and the GHS tiered-testing strategy (UN
2003)*°. In these testing schemes, when a positive result is obtained in an appropriately
validated in vitro test, a test substance may be classified as an ocular hazard without testing
in rabbits. A substance that tests negative in the in vitro ocular toxicity test would need to be
tested in the in vivo ocular test to identify possible in vitro false negatives and to identify
moderate and mild ocular irritants. As is appropriate for any test system, there is the
opportunity for confirmatory testing if false positive results are indicated based on a weight-
of-evidence evaluation of supplemental information (e.g., structure-activity relationships,
other testing data). Use of a weight-of-evidence decision making process and a tiered-testing
strategy for classification of substances as ocular corrosives or severe irritants will eliminate
the pain and distress that might be experienced by rabbits who otherwise would have been
administered these test substances.

%A tiered-testing strategy approach may not be applicable to purposes other than regulatory classification and

labeling.
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Additional research and development, optimization, and/or validation efforts should use
reference substances with existing rabbit data. Additional rabbit studies should be conducted
only if important data gaps are identified. If such studies are conducted, they should be
designed to minimize the number of rabbits tested, to minimize or avoid pain and distress,
and to maximize the information collected. Designing and conducting such studies should be
in accordance with the recommendations from the Scientific Symposium on Mechanisms of
Chemically-Induced Ocular Injury and the Scientific Symposium on Minimizing Pain and
Distress in Ocular Safety Testing (see
bttp://iccvam.niehs.nih. gov/methods/ocudocs/ocumeet/sympinfo.htm). These symposia were
organized by ICCVAM, NICEATM, and ECVAM.

All raw data generated using any of the recommended standardized in vitro ocular testing

_protocols and the in vivo rabbit eye test on the same substance should be submitted to
NICEATM to expand the available validation database for these four test methods. The
availability of such data will allow for additional retrospective evaluations of test method
accuracy and/or reliability. Ideally, all substances should be completely identified (e.g!,
chemical name, chemical class, physicochemical properties). However, if this is not possible
for proprietary reasons, data may be submitted using coded labels for each substance tested.
If such coding is used, as much information as possible on physical and chemical properties
should be provided to NICEATM.

Although the IRE and HET-CAM test methods cannot currently be recommended for
meeting regulatory testing requirements, there may be non-regulatory uses for these two test
methods. Accordingly, the four in vitro test methods should be considered prior to
conducting irn vivo ocular testing and an alternative test method should be used where
determined appropriate for the specific testing situation. Since ocular irritancy testing
frequently involves more than slight or momentary pain or distress, consideration of
alternative test methods prior to the use of animals is necessary to comply with provisions of
U.S. Animal Welfare Act regulations (9 CFR, Part 2, Section 2.31 and 9 CFR, Part 2, Section
2.32), the Public Health Service Policy on the Humane Care and Use of Laboratory Animals
(PHS 2002), and the U.S. Government Principles for the Utilization and Care of Vertebrate
Animals Used in Testing, Research, and Training (National Research Council 1996).

The potential usefulness of combining two or more in vitro test methods in a battery to
identify ocular corrosives and severe irritants should be evaluated. Currently, there is
insufficient guidance on the utility of a battery approach for such determinations.
Interested stakeholders are encouraged to support research and development of alternative

test methods and technologies that may provide for a more accurate assessment of ocular
toxicity and/or advantages in terms of time and cost.
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7.0 ICCVAM RECOMMENDATIONS ON SUBSTANCES FOR VALIDATION
OF IN VITRO OCULAR TOXICITY TEST METHODS FOR THE
EVALUATION OF OCULAR CORROSIVES AND SEVERE IRRITANTS

In addition to evaluating the validation status of four in vitro ocular toxicity test methods for
their ability to identify ocular corrosives and severe irritants, [CCVAM developed a list of

reference substances for the optimization and/or validation of in vitro tests to identify ocular
corrosives and severe irritants. This section provides ICCVAM’s recommendations on these

reference substances.

ICCVAM reviewed the Expert Panel’s report and addendum (provided in Appendix A), the
results of the analysis in the BRDs, and the public comments received to both. Based on
these sources, ICCVAM makes the following recommendations with relation to the list of
reference substances for the optimization and/or validation of in vitro ocular toxicity test
methods for identification of ocular corrosives and severe irritants.!

ICCVAM endorses the reference substances list of 122 substances. The list of substances
(see Appendix H) includes:
* 79 GHS Category 1 substances (UN 2003); 10 of which the Category 1
classification is based solely on human data
* 28 GHS Category 2 substances (UN 2003)
o 15 GHS Category 2A substances (moderate irritants)
o 13 GHS Category 2B substances (mild irritants)
* 15 GHS nonirritant substances (UN 2003)
* 34 chemical classes
e 24 product classes
* 79 liquids
* 43 solids

ICCVAM further endorses the use of the reference substance list as a source for generating a
subset of substances to be used for evaluating in vitro ocular toxicity test methods on a
scientifically sound case-by-case basis. It is recommended that the subset of substances that
are developed from the reference substance list comprise a scientifically sound distribution of
substances among various properties including, but not limited to, chemical class, product
class, physical form, irritancy severity classification, mechanism of action, physical and
chemical characteristics, and molecular weight. In situations where a listed substance is not
available, other substances of the same class for which there is high quality in vivo reference
data may be used. Following completion of optimization and/or validation studies,
substances from this list can be selected for inclusion in performance standards and
proficiency testing (ICCVAM 2003).

*'The recommendations discussed here are based on the ability of the in vitro test method to identify in vivo

classifications based on the GHS classification system.
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