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Preface

Eye injury is a leading cause of visual impairment in the United States with 40,000 to 50,000 new
cases of impaired vision reported each year.' Many eye injuries occur due to contact with workplace
or household products or chemicals. Accidents involving common household products (e.g., oven
cleaner and bleach) cause about 125,000 eye injuries each year.” These products often cause chemical
burns and emergency room visits.” Each day about 2,000 U.S. workers have a job-related eye injury
that requires medical treatment. Although the majority of these eye injuries result from mechanical
sources, chemical burns from industrial chemicals or cleaning products are common.*

To prevent eye injuries, regulatory agencies require testing to determine if chemicals and products
may cause eye damage. This testing information is used to classify the ocular hazard and determine
appropriate labeling to warn consumers and workers of the potential hazard. Appropriate labeling
tells users how to avoid exposure that could damage the eye and what emergency procedures should
be followed if there is accidental exposure. Nearly all ocular safety testing has been conducted using
the Draize rabbit eye test (Draize et al. 1944), although in vitro methods can now be used to identify
whether substances cause severe irritation or permanent eye damage. The Draize rabbit eye test
involves instillation of 0.1 mL of the test substance into the conjunctival sac of one eye. The other eye
serves as the untreated control. The eye is examined at least daily for up to 21 days. The presence and
severity of any injuries to the cornea, conjunctiva, and the iris (tissues inside the eye) are scored, and
the duration that the injuries persist is recorded.

In 2006, the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) evaluated the validation status of the bovine corneal opacity and permeability (BCOP),
hen’s egg test—chorioallantoic membrane (HET-CAM), isolated chicken eye (ICE), and isolated
rabbit eye (IRE) test methods for their ability to identify ocular corrosives and severe irritants. Based
on the validation database and performance, ICCVAM recommended that positive results in the
BCOP and ICE test methods could be used to identify ocular corrosives and severe irritants without
the need for animal testing. These test methods should always be considered before using animals and
should be used where determined appropriate. Following their acceptance by U.S. Federal regulatory
agencies in 2008, the National Toxicology Program Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM) and ICCVAM developed Organisation for
Economic Co-operation and Development (OECD) international test guidelines for the BCOP and
ICE test methods. The OECD adopted the guidelines in 2009.” As a result, substances that may cause
severe irritation or permanent damage to eyes can now be identified using these methods without the
use of live animals in the 31 member countries of the OECD.

This test method evaluation report provides ICCVAM’s recommendations regarding the BCOP,
HET-CAM, ICE, and IRE test methods for identifying nonsevere ocular irritants and substances not
labeled as irritants. The report also includes recommendations on the Cytosensor® Microphysiometer
(CM) test method, which was not part of the 2006 evaluation. The report summarizes the validation
status of each test method and provides the [CCVAM-recommended BCOP, CM, HET-CAM, ICE,
and IRE test method protocols.

Available at: http://www.preventblindness.org/resources/factsheets/Eye_Injuries FS93.PDF

Available at: http://www.geteyesmart.org/eyesmart/injuries/home.cfm

From the CPSC NEISS Database, 2007

Available at: http://www.cdc.gov/niosh/topics/eye/

Test Guideline 437. Bovine corneal opacity and permeability test method for identifying ocular corrosives
and severe irritants; Test Guideline 438. Isolated chicken eye test method for identifying ocular corrosives
and severe irritants. Both In: OECD Guidelines for Testing of Chemicals. Paris:Organisation for Economic
Co-operation and Development
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As part of [ICCVAM’s ongoing international collaborations, scientists from the European Centre for
the Validation of Alternative Methods (ECVAM) and the Japanese Center for the Validation of
Alternative Methods (JaCVAM) served as liaisons to the ICCVAM Ocular Toxicity Working Group
(OTWG). ICCVAM, NICEATM, and the OTWG prepared (1) draft background review documents
(BRDs) describing the validation status of each test method, including reliability and accuracy, and
(2) draft test method recommendations for their usefulness and limitations.

ICCVAM released these documents to the public for comment prior to a meeting of an independent
international scientific peer review panel (Panel). The Panel met in public session on May 19-21,
2009, and prepared a report summarizing its conclusions and recommendations. The Panel report was
provided to the Scientific Advisory Committee on Alternative Toxicological Methods (SACATM)
along with the draft BRDs, draft test method recommendations, and all public comments. A detailed
timeline of the evaluation is included with this report.

ICCVAM solicited and considered public comments and stakeholder involvement throughout the test
method evaluation process. ICCVAM considered the SACATM comments, the conclusions of the
Panel, and all public comments before finalizing the ICCVAM test method recommendations for each
test method. The recommendations and the BRDs, which are provided as appendices, are
incorporated in this ICCVAM test method evaluation report. As required by the ICCVAM
Authorization Act, ICCVAM will forward its recommendations to U.S. Federal agencies for
consideration. Federal agencies must respond to ICCVAM within 180 days after receiving the
ICCVAM test method recommendations. ICCVAM recommendations are available to the public on
the NICEATM-ICCVAM website, and agency responses will also be made available on the website
as they are received.

We gratefully acknowledge the many individuals who contributed to the preparation, review, and
revision of this report. We especially recognize the Panel members for their thoughtful evaluations
and generous contributions of time and effort. Special thanks are extended to Dr. A. Wallace Hayes
for serving as the Panel Chair and to Dr. Paul Bailey, Dr. Donald Sawyer, Dr. Kirk Tarlo, and

Dr. Daniel Wilson for their service as Evaluation Group Chairs. We thank the OTWG for assuring a
meaningful and comprehensive review. We especially thank Dr. Jill Merrill (U.S. Food and Drug
Administration Center for Drug Evaluation and Research) and Dr. Karen Hamernik (EPA, until April
2009) for serving as Co-Chairs of the OTWG. Integrated Laboratory Systems, Inc., the NICEATM
support contractor, provided excellent scientific support, for which we thank Dr. David Allen,

Dr. Jonathan Hamm, Nelson Johnson, Dr. Brett Jones, Dr. Elizabeth Lipscomb, and James Truax.
Finally, we thank the ECVAM liaisons Drs. Jodo Barroso, Thomas Cole, and Valerie Zuang and the
JaCVAM liaison Dr. Hajime Kojima for their participation and contributions.

Marilyn Wind, Ph.D.

Deputy Associate Executive Director
Directorate for Health Sciences

U.S. Consumer Product Safety Commission
Chair, ICCVAM

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

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

Executive Director, ICCVAM
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Executive Summary

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM)
recently evaluated the validation status of test methods to identify substances that cause reversible eye
injuries or do not cause sufficient eye damage to require hazard labeling: the bovine corneal opacity
and permeability (BCOP), Cytosensor™ Microphysiometer (CM), hen’s egg test—chorioallantoic
membrane (HET-CAM)), isolated chicken eye (ICE), and isolated rabbit eye (IRE) test methods.
Nearly all ocular safety testing has been conducted using the in vivo Draize rabbit eye test (Draize et
al. 1944) to evaluate the potential for substances to cause ocular irritation and other ocular injuries, an
acute reaction that may involve corneal cloudiness and ulceration, swelling and redness of the
conjunctiva, and/or visible damage to the inside of the eye (iritis). The BCOP, CM, HET-CAM, ICE,
and IRE methods are in vitro test methods that predict the extent of ocular damage that might occur in
vivo without requiring the use of live animals. This test method evaluation report provides
ICCVAM’s recommendations for each in vitro test method as an alternative to the Draize rabbit eye
test, based on demonstrated validity (usefulness and limitations). This report includes (1) protocols
recommended by ICCVAM for future data collection and evaluation for the BCOP, CM, HET-CAM,
ICE, and IRE test methods, (2) final background review documents (BRDs) describing the validation
status of these test methods, and (3) recommendations for future studies.

Following a nomination by the U.S. Environmental Protection Agency (EPA) requesting an
evaluation of several alternative methods and approaches for reducing, replacing, and refining the use
of rabbits in the current in vivo eye irritation test method, the National Toxicology Program
Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM), ICCVAM,
and the ICCVAM Ocular Toxicology Working Group prepared draft BRDs and draft test method
recommendations. The drafts were provided to an independent international scientific peer review
panel (hereafter “Panel”) and to the public for comment. The Panel met in public session on

May 19-21, 2009, to discuss its peer review of the ICCVAM draft BRDs and to provide conclusions
and recommendations regarding the validation status of the BCOP, CM, HET-CAM, ICE, and IRE
test methods. The Panel also reviewed how well the information contained in the draft BRDs
supported ICCVAM’s draft test method recommendations.

In finalizing this test method evaluation report and the BRDs, which are included here as appendices,
ICCVAM considered (1) the conclusions and recommendations of the Panel, (2) comments from
ICCVAM’s Scientific Advisory Committee on Alternative Toxicological Methods (SACATM), and
(3) public comments.

The Bovine Corneal Opacity and Permeability (BCOP) Test Method

ICCVAM Recommendations: BCOP Test Method Usefulness and Limitations

ICCVAM concludes that the accuracy and reliability of the BCOP test method does not support its
use as a screening test to distinguish substances not labeled as irritants (EPA Category IV, European
Union [EU] Not Labeled, Federal Hazardous Substances Act [FHSA] Not Labeled, United Nations
Globally Harmonized System of Classification and Labelling of Chemicals [GHS] Not Classified)
from all other hazard categories (EPA Category I, II, or III; EU R41 or R36; FHSA Irritant; GHS
Category 1, 2A, or 2B) when results are to be used specifically to classify and label substances under
the EPA, EU, FHSA, or GHS classification systems. For the BCOP validation database of

211 substances, false positive rates were high, ranging from 53% (24/45) to 70% (63/90), depending
on the hazard classification system used. Therefore, all positive results from these tests would require
additional testing in a valid test system that can accurately characterize whether such substances
require hazard labeling. False negative rates were 0% for the EU (0/54) and GHS (0/97) classification
systems, 5% (6/132) for the FHSA classification system, and 6% (8/142) for the EPA classification
system.
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Among the eight EPA false negatives were three substances (3/8 [38%]) that were classified as EPA
eye irritants based on at least one rabbit with corneal injuries and opacity that did not resolve until
day 3 of the study. A fourth substance was classified as an EPA eye irritant based on all six rabbits
with a conjunctival redness score of 2 (n = 4; diffuse, crimson color of the conjunctiva, individual
blood vessels not easily discernable) or 3 (n = 2; diffuse beefy red). The conjunctival redness scores
for two of these animals did not recover to a score of 1 (some blood vessels definitely hyperemic) until
day 6 of the study. The conjunctival redness scores for the remaining four rabbits recovered to a score
of 1 on day 2 of the study. These four EPA false negative substances were also false negatives for the
FHSA classification system. Given the significant lesions associated with these false negative
substances, the BCOP test method cannot be recommended as a screening test to identify substances
not labeled as irritants (i.e., EPA Category IV, FHSA Not Labeled) for the EPA or FHSA
classification systems.

Furthermore, although the false negative rate was 0% (0/97) for the GHS classification scheme, the
GHS does not classify substances as eye hazards that produce the corneal and conjunctival injuries
described above, which are required to be labeled as eye hazards according to the EPA and FHSA
classification systems. These findings led NICEATM-ICCVAM to look more closely at the GHS eye
hazard classification criteria. NICEATM evaluated results from rabbit eye test studies from two
independent databases: (1) 149 studies obtained from a publicly available database (ECETOC 1998)
and (2) 144 studies included in the Organization for Economic Cooperation and Development
(OECD) Detailed Review Document on Classification Systems for Eye Irritation/Corrosion in OECD
Member Countries (OECD 1999). These data, which are included here as an appendix, confirmed that
approximately 30% of the substances requiring labeling for eye irritation hazard based on current
U.S. hazard classification requirements (EPA and FHSA) are not labeled as eye irritation hazards by
the GHS system. This includes at least 70% of currently labeled EPA Category Il irritants (those
causing eye injuries persisting for 24 hours to 7 days) that would not require hazard labeling using the
GHS system. The nature, severity, and duration of these eye injuries suggest the potential to cause
human injury. The purpose of ocular toxicity labeling is to communicate potential hazards of
chemicals and products to workers and consumers so that appropriate measures can be taken to avoid
accidental or inadvertent contact with the eye. In addition, ocular safety labels provide the necessary
first aid measures that should be taken in the event of accidental exposures.

The GHS was established based on principles agreed to by participants, which included assuring that
“the level of protection offered to workers, consumers, the general public and the environment should
not be reduced as a result of harmonizing the classification and labeling systems” (UN 2007).
ICCVAM has conducted technical analyses to support the development of appropriate
recommendations for GHS options that would continue to provide protection that is at least
equivalent to current U.S. eye irritation hazard classification and labeling requirements. [CCVAM
recommends that U.S. agencies consider the GHS eye irritation hazard classification criteria and
hazard categories and the level of protection they provide compared to current U.S. hazard
classification systems.

Federal law requires agencies to determine that new test methods recommended by ICCVAM
generate data that are at least equivalent to data generated by current test methods required or
recommended by each agency for hazard identification purposes. Until the issues associated with the
GHS system as outlined above are further discussed, [ICCVAM is deferring final recommendations on
the usefulness and limitations of using the BCOP test method as a screening test to identify
substances not labeled as irritants according to the GHS classification system.

ICCVAM Recommendations: BCOP Test Method Protocol
For use of the BCOP test method as a screening test to identify substances as ocular corrosives and
severe irritants (EPA Category I, EU R41, GHS Category 1), ICCVAM recommends using the
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updated ICCVAM BCOP test method protocol included as an appendix to this report. All future
studies intended to further characterize the usefulness and limitations of the BCOP test method should
be conducted using this protocol.

ICCVAM Recommendations: BCOP Future Studies

ICCVAM recommends additional studies to further characterize and potentially improve the
usefulness and applicability of the BCOP test method to distinguish ocular irritants from all hazard
categories:

e Additional optimization studies/evaluations should be conducted to improve the correct
classification of mild and moderate ocular irritants and substances not labeled as irritants.
After optimization, additional studies to further assess the reliability and accuracy of the
test method are recommended.

e Histopathological evaluation of the corneal tissue, using standardized procedures, should
be included when the BCOP test method is used. Such data will help develop 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.

e Users of the BCOP test method should provide all data that are generated from future
studies, because they could help to further characterize the usefulness and limitations of
the BCOP test method to identify all ocular hazard categories.

ICCVAM Recommendations: BCOP Performance Standards
Based on the available data and associated performance described above, ICCVAM recommends that
the development of performance standards for the BCOP test method is not warranted at this time.

Validation Status of the BCOP Test Method

The BCOP test method is an in vitro method that provides short-term maintenance of physiological
and biochemical function of the bovine cornea. Quantitative changes in opacity and fluorescein
permeability are assessed as indicators of potential ocular irritation.

The accuracy of the BCOP test method was compared to hazard categories based on in vivo Draize
rabbit eye test data according to the EPA, EU, FHSA, or GHS systems using the current BCOP
validation database of 211 substances. When the BCOP test method was used to distinguish
substances not labeled as irritants (EPA Category IV, EU Not Labeled, FHSA Not Labeled, GHS Not
Classified) from all other categories, accuracy ranged from 64% (76/118) to 83% (161/194),
depending on the hazard classification system used. While false positive rates were high (53% [24/45]
to 70% [63/90], depending on the hazard classification system used), the false negative rates were low
(5% [6/132] for the FHSA system, 6% [8/141] for EPA the system, and 0% [0/54 or 0/97] for the EU
and GHS systems, respectively).

Qualitative analyses of interlaboratory reproducibility were conducted to evaluate how well the
BCOP hazard classifications agreed among the participating laboratories from the three different
interlaboratory validation studies (Balls et al. 1995; Gautheron et al. 1994; and Southee 1998). These
evaluations were based on the use of the BCOP test method (1) to identify all ocular hazard categories
according to the EPA, EU, or GHS systems, and (2) to distinguish substances not labeled as irritants
from all other ocular hazard categories. For both approaches, there was 100% agreement among the
multiple laboratories in each study for a majority of the correctly identified ocular irritant hazard
categories. Because the performance of the BCOP test method was similar for the EPA and FHSA
hazard classification systems, additional reliability analyses were not conducted for the FHSA hazard
classification system.
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The Cytosensor Microphysiometer (CM) Test Method

ICCVAM Recommendations: CM Test Method Usefulness and Limitations

ICCVAM concludes that the accuracy and reliability of the CM test method support its use as a
screening test to identify water-soluble substances (water-soluble surfactants, surfactant-containing
formulations, and nonsurfactants) as ocular corrosives and severe irritants (EPA Category I, EU R41,
GHS Category 1) in a tiered-testing strategy, as part of a weight-of-evidence approach. False positive
rates ranged from 0% (0/17 or 0/18) to 10% (3/29), and false negative rates ranged from 9% (2/23) to
50% (6/12), depending on the classification system used and the type of substance tested. A substance
that tests negative with the CM test method would need to be tested in another test method that can
identify possible in vitro false negative ocular corrosives and severe irritants and distinguish between
moderate and mild ocular irritants. Currently, the Draize rabbit eye test is the only test method that
can make such a distinction.

ICCVAM further concludes that the accuracy and reliability of the CM test method are sufficient to
support its use as a screening test to distinguish water-soluble surfactant chemicals and certain types
of surfactant-containing formulations (e.g., cosmetics and personal care product formulations, but not
pesticide formulations) as substances not labeled as irritants (EPA Category IV, EU Not Labeled,
FHSA Not Labeled) from all other hazard categories (EPA Category I, I, III; EU R41, R36; FHSA
Irritant) when results are to be used specifically to classify and label substances under the EPA, EU,
and FHSA classification systems. As noted above, until the issues associated with the GHS
classification system are further discussed (see “BCOP Test Method Usefulness and Limitations™),
ICCVAM is deferring final recommendations on the usefulness and limitations of using the CM test
method as a screening test to identify substances not labeled as irritants according to the GHS
classification system.

When the CM test method was used to distinguish substances not listed as irritants from all other
hazard categories the validation database of 53 water-soluble surfactants and surfactant-containing
formulations, false positive rates were high, ranging from 50% (3/6) to 69% (18/26), depending on
the hazard classification system used. However, such positive results would require additional testing
in a valid test system that can accurately characterize whether such substances require hazard
labeling. Positive results would also need to be additionally tested with methods that can correctly
identify moderate and mild ocular irritants. False negative rates ranged from 0% (0/27, 0/28, or 0/40)
to 2% (1/42 or 1/47) compared to results from the Draize rabbit eye test. The one false negative
substance was EPA Category III or FHSA Irritant based on in vivo data. For this substance, six test
animals were included in the in vivo test. One test animal had no observable effects, three test animals
had conjunctival redness (score = 1), and two test animals had corneal opacity (score = 1) that cleared
after one day.

Because of the high false negative rates (24% [5/21] to 40% [8/20]for the CM test method when
testing water-soluble nonsurfactant substances and formulations, the CM test method is not
recommended as a screening test to identify substances not labeled as irritants among these types of
substances.

Given that the CM test method (INVITTOX Protocol 102) is proposed for use as a screening test to
identify ocular corrosives and severe irritants and substances not labeled as irritants, users may want
to consider using the CM test method before using another in vitro ocular test method for testing these
types of substances. However, water-soluble substances that are not identified as ocular corrosives
and severe irritants or water-soluble surfactant chemicals and specific types of surfactant-containing
formulations that are not identified as substances not labeled as irritants with the CM test method
would need to be tested in another test method able to correctly classify substances into each of the
four EPA or GHS hazard classification categories. Currently, the only test method accepted for these
purposes is the Draize rabbit eye test. Because the CM test method has a high false positive rate for
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substances not labeled as irritants (50% [3/6] to 69% [18/26], depending on the hazard classification
system used), users may not want to use it if the intended use is to start with identifying substances
not labeled as irritants.

ICCVAM Recommendations: CM Test Method Protocol

For use of the CM test method as a screening test to identify water-soluble substances as ocular
corrosives and severe irritants (EPA Category I, EU R41, GHS Category 1) or to identify substances
not labeled as irritants (EPA Category IV, EU Not Labeled, FHSA Not Labeled), ICCVAM
recommends using the updated ICCVAM CM INVITTOX Protocol 102° that is included as an
appendix to this report. All future studies intended to further characterize the usefulness and
limitations of the CM test method should be conducted using this protocol.

ICCVAM Recommendations: CM Future Studies

ICCVAM recommends that additional studies be conducted to further characterize the usefulness and
limitations of the CM test method for use as a screening test to identify ocular corrosives and severe
irritants (EPA Category I, GHS Category 1, EU R41) and substances not labeled as irritants (EPA
Category IV, EU Not Labeled, FHSA Not Labeled, GHS Not Classified). This includes additional
testing using a broader range of materials to expand the recommended types of substances appropriate
for testing.

ICCVAM recommends that a subset of the ICCVAM-recommended reference substances for
validation of in vitro ocular toxicity test methods for the evaluation of ocular corrosives and severe
irritants’ be tested in the CM test method in order to provide for more direct assessment of the CM
test method’s utility as a screening test for identifying ocular corrosives and severe irritants.
Similarly, a reference set could also be selected from this list for the purposes of assessing the utility
of the CM test method as a screening test for identifying substances not labeled as irritants.

Finally, ICCVAM recommends future optimization studies to increase the ability of the CM test
method to identify all categories of ocular irritancy hazard classification according to the EPA, EU, or
GHS hazard classification systems. This will require more substances in the moderate and mild ocular
irritant categories (EPA Category II and III, EU Category R36, or GHS Category 2A and 2B,
respectively) be identified and tested.

ICCVAM Recommendations: CM Performance Standards
Based on the available data and associated performance described above, ICCVAM recommends that
the development of performance standards for the CM test method is not warranted at this time.

Validation Status of the CM Test Method

The CM test method exposes a population of cells to increasing concentrations of a test substance.
The concentration that leads to a 50% decline in the metabolic rate of the cells (the MRDsy) is used as
an indicator of ocular irritancy potential. An abbreviated version of the European Centre for the
Validation of Alternative Methods (ECVAM) CM BRD that does not include confidential business
information describes the current validation status of the CM test method, including what is known
about its reliability and accuracy, the scope of substances tested, and standardized protocols for the
validation study. The following is a synopsis of the information contained within three peer-reviewed
publications (Balls et al. 1995; Gettings et al. 1996; Brantom et al. 1997) described in the ECVAM
CM BRD and used in the ICCVAM review.

6 Available at http://ecvam-dbalm.jrc.ec.europa.cu/
! http://iccvam.niehs.nih.gov/methods/ocutox/ivocutox/ocu_tmer.htm
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The database of 53 water-soluble surfactants tested in the CM test method included 21 surfactant
chemicals and 32 surfactant-containing formulations tested across seven different laboratories. Using
INVITTOX Protocol 102 to identify ocular corrosives and severe irritants among the water-soluble
surfactants and surfactant-containing formulations, the false positive rate ranged from 3% (1/30) to
10% (3/29), depending on the hazard classification system used, compared to in vivo results. The
three false positives when using the EPA classification system are classified as Category II (n =2) or
III (n = 1) based on in vivo data. The one false positive when using the GHS and EU classification
systems is classified as Not Classified and Not Labeled, respectively, based on in vivo data. The false
negative rate ranged from 9% (2/23) to 22% (5/23), depending on the hazard classification system
used, compared to in vivo results. In each case, these substances were classified as moderate or mild
irritants in vitro based on the EPA, EU, and GHS classification systems (i.e., EPA Category II or III;
EU R36; or GHS Category 2A or 2B).

The nonsurfactant substances database (n = 29) consisted of 27 water-soluble nonsurfactant
chemicals, which included a range of chemical classes (e.g., acids, alcohols, alkalis, and ketones), and
water-soluble nonsurfactant formulations (n = 2) tested in seven laboratories. Using INVITTOX
Protocol 102 to identify ocular corrosives and severe irritants among the nonsurfactant substances, the
false positive rate was 0% (0/17 or 0/18) for all hazard classification systems compared to in vivo
results. The false negative rate ranged from 29% (2/7) to 50% (6/12), depending on the hazard
classification system used, compared to in vivo results. Two substances were false negatives when
using the EPA classification system and were classified in vitro as either Category II/IIl (n=1) or IV
(n=1). Five substances were false negatives when using the GHS classification system and were
classified in vitro as either Category 2A/2B (n = 4) or Not Labeled (n = 1). Six substances were false
negatives when using the EU classification system and were classified in vitro as either R36 (n=15) or
Not Labeled (n=1).

Using INVITTOX Protocol 102 to identify substances not labeled as irritants among the database of
53 water-soluble surfactants and surfactant-containing formulations, the false negative rate ranged
from 0% (0/27 or 0/28, or 0/40) to 2% (1/46 or 1/47), depending on the hazard classification system
used, compared to in vivo results. The one substance that was a false negative is classified as EPA
Category III based on in vivo data from a six-rabbit in vivo test. One rabbit had no observable effects,
three rabbits had conjunctival redness (score = 1), and two rabbits had corneal opacity (score = 1) that
cleared after one day. The false positive rate ranged from 50% (3/6) to 69% (18/ 26), depending on
the hazard classification system used, compared to in vivo results. Three substances were false
positives when using the EPA and FHSA classification systems and were classified in vitro as
Category II/III or Irritant, respectively. Seventeen substances were false positives when using the
GHS classification system and were classified in vitro as Category 2A/2B (n = 16) or Category 1 (n =
1). Eighteen substances were false positives when using the EU classification system and were
classified in vitro as R36 (n=17) or R41 (n=1).

Using INVITTOX Protocol 102 to identify substances not labeled as irritants among the database of
29 nonsurfactant substances, the false negative rate ranged from 24% (5/21) to 40% (8/20), and the
false positive rate ranged from 25% (1/4 or 2/8) to 40% (2/5), depending on the hazard classification
system used, compared to in vivo results.

Intralaboratory reproducibility was assessed based on calculated coefficients of variation (CVs) for
MRDs, values for two different studies. Mean CVs ranged from 10% to 24% and tended to be slightly
higher for surfactant substances than for nonsurfactant substances.

Interlaboratory reproducibility of the CM test method was also assessed using the data from
validation studies by the European Commission/Home Office (EC/HO; Balls et al. 1995) and
European Cosmetic, Toiletry and Perfumery Association (COLIPA; Brantom et al. 1997), which
included four laboratories and two laboratories, respectively. Mean CVs in the EC/HO study ranged
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from 16% to 37% for surfactant substances and up to 51% for nonsurfactant substances. For
surfactant materials, all four laboratories using the CM test method had 100% agreement for 55%
(6/11) of the test substances; 75% of the laboratories had identical results for 27% (3/11) of the test
substances; and 50% of the laboratories had agreement for 18% (2/11) of the test substances. For
nonsurfactant substances, agreement among the laboratories was 100% for 48% (11/23) of the test
substances, 75% for 22% (5/23) of the test substances, 67% for 4% (1/23) of the test substances, and
50% for 13% (3/23) of the test substances.

For the COLIPA study, substances were divided into surfactant materials, surfactant-based
formulations and mixtures, and nonsurfactant substances. Two laboratories had mean between-
laboratory CVs ranging from 16% to 23% for surfactant materials, approximately 16% for surfactant-
based formulations and mixtures, and 32% to 51% for nonsurfactant substances. For surfactant
materials, the laboratories had 100% agreement for 90% (9/10) of the test substances and 0%
agreement for 10% (1/10) of the test substances. For surfactant-based formulations and mixtures, the
laboratories had 100% agreement for 100% (7/7) of the test substances. For nonsurfactant substances,
the laboratories had 100% agreement for 78% (7/9) of the test substances and 0% agreement for 22%
(2/9) of the test substances.

TheHen’ s Egg Test — Chorioallantoic Membrane (HET-CAM) Test Method

ICCVAM Recommendations: HET-CAM Test Method Usefulness and Limitations

ICCVAM concludes that the accuracy and reliability of the HET-CAM test method does not support
its use as a screening test to distinguish substances not labeled as irritants (EPA Category IV, EU Not
Labeled, FHSA Not Labeled) from all other hazard categories (EPA Category I, II, or III; EU R41 or
R36; FHSA Irritant) when results are to be used specifically to classify and label substances under the
EPA, EU, or FHSA classification systems.

The available validation database for the HET-CAM test method has remained unchanged since the
original ICCVAM evaluation (ICCVAM 2006b). For the HET-CAM validation database of 60
surfactants and oil/water emulsions, false positive rates were 60% (9/15) to 69% (22/32) and false
negative rates were 0% (0/26) to 9% (4/45). Among the four false negatives, 100% (4/4) were EPA
Category III substances based on conjunctival redness scores of 2 that required at least three days to
resolve. For one of the substances, one of the six rabbits tested had a conjunctival redness score of
2 that required 14 days to resolve. Four of the remaining five rabbits in this study had conjunctival
redness scores of 2 that resolved within three days; the last rabbit did not have this lesion. However,
there were too few substances in the moderate irritant categories to have sufficient confidence in the
ability of HET-CAM to distinguish them from the substances not labeled as irritants category (there
were only 2 EPA Category II substances).

ICCVAM Recommendations: HET-CAM Test Method Protocol

The updated ICCVAM-recommended HET-CAM test method protocol is included as an appendix to
this report. The protocol has been modified from a generic description of the Irritation Score (IS)
analysis method to include a more detailed IS(A) analysis method to be used for prospective studies.
However, a description of the IS(B) method is included for retrospective analyses, where IS(B)
analysis method data could be converted to fixed time points similar to those used for the IS(A)
analysis method. All future studies intended to further characterize the usefulness and limitations of
the HET-CAM test method should be conducted using this protocol.
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ICCVAM Recommendations: HET-CAM Future Studies

ICCVAM recommends additional studies to further characterize and potentially improve the
usefulness and applicability of the HET-CAM test method to distinguish ocular irritants from all
hazard categories:

e Additional studies should be conducted to further optimize the HET-CAM test method
decision criteria that would be used to identify ocular corrosives and severe irritants
(EPA Category I, EU R41, GHS Category 1), as well as moderate irritants (EPA
Category II, EU R36, GHS Category 2A) and mild irritants (EPA Category I1I, GHS
Category 2B), as defined by the EPA, GHS, or EU classification systems. Such studies
could potentially improve the usefulness of the HET-CAM test method for identifying
these types of substances.

e The types of substances appropriate for testing should be expanded to include a broader
range of chemical and product classes.

o Users of the HET-CAM test method should provide all data that are generated from
future studies, because they could help to further characterize the usefulness and
limitations of the HET-CAM test method to identify all ocular hazard categories.

ICCVAM Recommendations: HET-CAM Performance Standards

Based on the available data and associated performance described above, ICCVAM recommends that
the development of performance standards for the HET-CAM test method is not warranted at this
time.

Validation Status of the HET-CAM Test Method

ICCVAM reviewed HET-CAM performance compared to the Draize rabbit eye test for each
classification system (EPA, EU, and GHS) using each of the six HET-CAM protocols (IS[A], IS[B],
Q-Score, S-Score, IS, and ITC protocols). With the exception of the IS(A) and IS(B) protocols, all
protocols classified at least one in vivo moderate or severe irritant substance as a substance not
labeled as an irritant (EPA Category IV, EU Not Labeled, GHS Not Classified). The IS(B)
overpredicted more than 90% (39/42) of the GHS Not Classified substances. Therefore, more
extensive analyses of HET-CAM were restricted to the IS(A) protocol.

No new HET-CAM data have been obtained since the ICCVAM evaluation of the HET-CAM test
method for identifying ocular corrosives and severe irritants (ICCVAM 2006b). Overall accuracy in
distinguishing substances not labeled as irritants (EPA Category IV, EU Not Labeled, FHSA Not
Labeled, GHS Not Classified) from all other categories ranged from 62% (36/58) to 80% (44/55),
depending on the hazard classification system used. False positive rates were 60% (9/15) to 69%
(22/32) and false negative rates were 0% (0/26) to 9% (4/45). Among the four false negatives, 100%
(4/4, all oil/water emulsion cosmetic formulations) were EPA Category III substances based on
conjunctival redness scores of 2 that required at least three days to resolve. For one of the substances,
one out of the six rabbits tested had a conjunctival redness score of 2 that required 14 days to resolve.
Four of the remaining five rabbits in this study had conjunctival redness scores of 2 that resolved
within three days; the last rabbit did not have this lesion.

Quantitative and qualitative evaluations of HET-CAM test method reliability have been conducted
previously (ICCVAM 2006b). Because the database used for the current evaluation of the HET-CAM
test method has not changed, the quantitative evaluation of test method reliability remains unchanged.
Additional qualitative analyses of interlaboratory reproducibility were conducted to evaluate how
well the HET-CAM hazard classifications agreed among the five laboratories that participated in the
interlaboratory validation study (Hagino et al. 1999). These evaluations were based on the use of the
HET-CAM test method (1) to identify all ocular hazard categories according to the EPA, EU, or GHS
systems, and (2) to distinguish substances not labeled as irritants from all other ocular hazard
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categories. For both approaches, there was 100% agreement among the multiple laboratories in each
study for a majority of the correctly identified ocular irritant hazard categories. Because the
performance of the HET-CAM test method was similar for the EPA and FHSA hazard classification
systems, additional reliability analyses were not conducted for the FHSA hazard classification
system.

The I solated Chicken Eye (ICE) Test Method

ICCVAM Recommendations: ICE Test Method Usefulness and Limitations

ICCVAM concludes that the accuracy and reliability of the ICE test method does not support its use
as a screening test to distinguish substances not labeled as irritants (EPA Category IV, EU Not
Labeled, FHSA Not Labeled) from all other hazard categories (EPA Category I, II, or III; EU R41 or
R36; FHSA Irritant) when results are to be used specifically to classify and label substances under the
EPA, EU, or FHSA classification systems.

The available validation database for the ICE test method has remained unchanged since the original
ICCVAM evaluation (ICCVAM 2006c¢). For the ICE validation database of 175 substances, false
positive rates were 11% (10/93) to 34% (27/79) and false negatives rates were 6% (4/62) to 22%
(13/60). Among the false negatives, at least one substance was classified as an ocular corrosive/severe
irritant based on Draize rabbit eye test data (n = 1 each for the EPA and GHS systems, and n = 6 for
the EU system). Considering the public health impact of misclassifying a corrosive substance as Not
Labeled, these false negative results cannot be minimized.

ICCVAM Recommendations: ICE Test Method Protocol

For use of the ICE test method as a screening test to identify substances as ocular corrosives and
severe irritants (EPA Category I, GHS Category 1, EU R41), ICCVAM recommends using the
updated ICCVAM ICE test method protocol that is included as an appendix to this report. All future
studies intended to further characterize the usefulness and limitations of the ICE test method should
be conducted using this protocol.

ICCVAM Recommendations: ICE Future Studies

ICCVAM recommends additional studies to further characterize and potentially improve the
usefulness and applicability of the ICE test method to distinguish ocular irritants from all hazard
categories:

e Additional optimization studies should be conducted to improve the correct classification
of mild and moderate ocular irritants and substances not labeled as irritants. After
optimization, additional studies to further assess the reliability and accuracy of the test
method are recommended.

e Histopathological evaluation of the corneal tissue, using standardized procedures, should
be included when the ICE test method is used. Such data will help develop 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.

e Users of the ICE test method should provide all data that are generated from future
studies, because they could help to further characterize the usefulness and limitations of
the ICE test method to identify all ocular hazard categories.

ICCVAM Recommendations: ICE Performance Standards

Based on the available data and associated performance described above, ICCVAM recommends that
the development of performance standards for the ICE test method is not warranted at this time.
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Validation Status of the ICE Test Method

No new ICE data have been obtained since the ICCVAM evaluation of the ICE test method for
identifying ocular corrosives and severe irritants (ICCVAM 2006c). Overall accuracy in
distinguishing substances not labeled as irritants (EPA Category IV, EU Not Labeled, FHSA Not
Labeled, GHS Not Classified) from all other categories ranged from 78% (110/141) to

85% (130/153), depending on the hazard classification system used. False positive rates were

11% (10/93) to 34% (27/79) and false negative rates were 6% (4/62) to 22% (13/60). Among these
false negatives, at least one substance was classified as an ocular corrosive/severe irritant based on
Draize rabbit eye test data (n = 1 each for the EPA and GHS systems, and n = 6 for the EU system).
Considering the public health impact of misclassifying a corrosive substance as Not Labeled, these
false negative results cannot be minimized.

Quantitative and qualitative evaluations of ICE test method reliability have been conducted
previously (ICCVAM 2006c¢). Because the database used for the current evaluation of the ICE test
method has not changed, the quantitative evaluation of test method reliability remains unchanged.
Additional qualitative analyses of interlaboratory reproducibility were conducted to evaluate how
well the ICE hazard classifications agreed among the four laboratories that participated in the
interlaboratory validation study (Balls et al. 1995). These evaluations were based on the use of the
ICE test method (1) to identify all ocular hazard categories according to the EPA, EU, or GHS
systems, and (2) to distinguish substances not labeled as irritants from all other ocular hazard
categories. For both approaches, there was 100% agreement among the multiple laboratories in each
study for a majority of the correctly identified ocular irritant hazard categories. Because the
performance of the ICE test method was similar for the EPA and FHSA classification systems,
additional reliability analyses were not conducted for the FHSA classification system.

The | solated Rabbit Eye (I1RE) Test Method

ICCVAM Recommendations: IRE Test Method Usefulness and Limitations

The available validation database for the IRE test method has remained unchanged since the original
ICCVAM evaluation (ICCVAM 2006d). Because of the lack of a standardized protocol and
insufficient data using all four recommended IRE endpoints, [CCVAM concludes that additional
studies are needed before definitive recommendations on the accuracy and reliability of the IRE test
method can be made.

ICCVAM Recommendations: IRE Test Method Protocol

An ICCVAM-recommended test method protocol for the IRE test method that should be used for all
future IRE studies is included as an appendix to this report. The recommended protocol remains
unchanged from the previous ICCVAM evaluation (ICCVAM 2006¢) and includes four endpoints
that should be measured: maximal corneal opacity (opacity x area), maximal corneal swelling,
fluorescein penetration (intensity x area), and assessment of epithelial integrity (at 0.5, 1, 2, 3, and

4 hours after test substance administration.

ICCVAM Recommendations: IRE Future Studies

ICCVAM recommends additional studies to further characterize and potentially improve the
usefulness and applicability of the IRE test method to distinguish ocular irritants from all other hazard
categories:

e Additional evaluation studies should 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.

e Histopathological evaluation of the corneal tissue, using standardized procedures, should
be included when the IRE test method is used. Such data will help develop decision
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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.

e Users of the IRE test method should provide all data that are generated from future
studies, because they could help to further characterize the usefulness and limitations of
the IRE test method to identify all ocular hazard categories.

ICCVAM Recommendations: IRE Performance Standards
Based on the available data described above, ICCVAM recommends that the development of
performance standards for the IRE test method is not warranted at this time.

Validation Status of the IRE Test Method

The performance section of the IRE BRD (ICCVAM 2006d) uses data from Balls et al. (1995),
Gettings et al. (1996), and Guerriero et al. (2004). These references were examined for decision
criteria that would help classify moderate and mild irritants. There 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 the accuracy and reliability of the
IRE test method when all of these endpoints are evaluated in a single study. Furthermore, among the
studies that included each endpoint, decision criteria focused on distinguishing ocular corrosives and
severe irritants from all other ocular hazard categories (moderate and mild irritants and substances not
labeled as irritants) and did not specify decision criteria for each ocular hazard category. For these
reasons, an adequate evaluation of the IRE test method for its ability to distinguish substances not
labeled as irritants from all other ocular hazard categories is not feasible at this time.

Because of the lack of quantitative IRE test method data for replicate experiments within an
individual laboratory, the intralaboratory repeatability and reproducibility of the IRE test method
could not be evaluated. However, multilaboratory qualitative and quantitative IRE test data were
available for a collaborative study by the Commission of European Communities (CEC 1991)
involving three laboratories and a validation study conducted by Balls et al. (1995) involving four
laboratories. In the CEC (1991) study, each substance tested was assigned a EU classification (R41,
R36, or nonirritant [EU 2001]) based on Draize rabbit eye test results. However, due to the lack of
individual rabbit Draize scores, a reliability assessment for the CEC (1991) study using the GHS
(UN 2007) or EPA (EPA 2003) classification criteria was not possible. The Balls et al. (1995) data
were used for an evaluation of the interlaboratory reproducibility of the IRE test method according to
the GHS (UN 2007), EPA (EPA 2003), and EU (EU 2001) classification systems.

| CCVAM Consideration of Public and SACATM Comments

The ICCVAM evaluation process incorporates a high level of transparency. This process is designed
to provide numerous opportunities for stakeholder involvement, including submitting written public
comments and providing oral comments at [ICCVAM independent peer review panel meetings and
SACATM meetings. Table 7-1 lists the nine different opportunities for public comments that were
provided during the ICCVAM evaluation of the validation status of alternative ocular safety testing
methods and approaches. A total of 37 public comments were received. Comments received in
responsegto or related to the Federal Register notices are also available on the NICEATM-ICCVAM
website.

¥ Available at http://ntp-apps.niehs.nih.gov/iccvambp/searchPubCom.cfm
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Preface

Accidental contact with hazardous chemicals frequently causes eye injury and visual impairment.
United States and international regulatory agencies currently use the Draize rabbit eye test (Draize et
al. 1944) to identify potential ocular hazards associated with chemicals. The U.S. Consumer Product
Safety Commission (CPSC), U.S. Environmental Protection Agency (EPA), U.S. Food and Drug
Administration, and U.S. Occupational Safety and Health Administration have testing requirements
and guidelines for assessing the ocular irritation potential of substances such as pesticides, household
products, pharmaceuticals, cosmetics, and agricultural and industrial chemicals.

Although ocular safety assessment has clearly helped to protect consumers and workers, concerns
have been raised about the humane aspects of the Draize rabbit eye test. Regulatory authorities have
adopted various modifications that reduce the number of animals used and the potential pain and
distress associated with the procedure. Significant progress has been made during the last decade.
Now only one to three rabbits are required per test, compared to six rabbits in the original protocol.
Provisions have been added that allow for animals with severe lesions or discomfort to be humanely
euthanized.

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM)
previously evaluated the validation status of the bovine corneal opacity and permeability (BCOP),
isolated chicken eye (ICE), isolated rabbit eye (IRE), and hen’s egg test—chorioallantoic membrane
(HET-CAM) assays for the identification of ocular corrosives or severe (irreversible) ocular irritants.
ICCVAM’s evaluation used the EPA (EPA 2003a), United Nations Globally Harmonized System of
Classification and Labelling of Chemicals (GHS) (UN 2007), and European Union (EU 2001)
regulatory hazard classification systems. In ICCVAM’s assessment, the performance of the BCOP
and ICE test methods substantiated their use in testing some substances for regulatory hazard
classification. The IRE and HET-CAM test methods lacked sufficient performance and/or sufficient
data to substantiate their use for regulatory hazard classification.

ICCVAM recommended that the BCOP and ICE should be used in a tiered-testing strategy in which
positive substances can be classified as ocular corrosives or severe irritants without animal testing. In
accordance with the ICCVAM Authorization Act of 2000 (Public Law 106-545), these
recommendations were made available to the public and provided to U.S. Federal agencies for
consideration in the ICCVAM Test Method Evaluation Report — In Vitro Ocular Toxicity Test
Methods for Identifying Severe Irritants and Corrosives (ICCVAM 2006b). The ICCVAM
recommendations were accepted by U.S. Federal agencies, and in vitro test methods may now be used
instead of the Draize rabbit eye test for certain regulatory testing purposes.

ICCVAM is now reviewing the validation status of these in vitro test methods for identification of
nonsevere ocular irritants (that is, those that induce reversible ocular damage [EPA Category Il, 1lI;
EU Category R36, GHS Category 2A, 2B]) and substances Not Classified as irritant (GHS NC or Not
Labeled, EPA Category 1V, FHSA Not Labeled, or EU Not Labeled) according to the GHS (UN
2007), EPA (EPA 2003a), FHSA (FHSA 2005), and EU (EU 2001) classification systems. The
Federal Hazardous Substances Act (FHSA) classification system (FHSA 2005) as defined in the “Test
for Eye Irritants” (i.e., “Irritant” or Not Labeled [as an irritant]) and published in 16 CFR 1500.42
(CPSC 2003) is also provided in the current background review documents. The FHSA classification
system was not used in the previous analyses of test methods used for the identification of severe
ocular irritants or corrosives because the FHSA classification is limited to irritants and is not intended
to identify corrosive substances or to differentiate between severe and nonsevere irritants.

Accordingly, the National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) and the ICCVAM Ocular Toxicity Working Group (OTWG)
prepared draft background review documents that summarize the current validation status of each test



method based on published studies and other data and information submitted in response to a June 7,
2007, Federal Register request (72 FR 31582, available at
http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7 _10966.pdf). The background review
documents form the basis for draft ICCVAM test method recommendations, which are provided in
separate documents. Liaisons from the European Centre for the Validation of Alternative Methods
and the Japanese Centre for the Validation of Alternative Methods will provide input and contribute
to the OTWG throughout the evaluation process.

An international independent scientific peer review panel (Panel) met in public session on May 19-21,
2009, to develop conclusions and recommendations on the in vitro BCOP, ICE, IRE, and HET-CAM
test methods. The Panel included expert scientists nominated by the European Centre for the
Validation of Alternative Methods and the Japanese Center for the Validation of Alternative Methods.
We anticipate that these organizations can use the subsequent independent Panel report to deliberate
and develop their own test method recommendations (ICCVAM Peer Review Panel Report
[ICCVAM 2009] available to the public for comment on July 12, 2009). The Panel considered these
BRDs and evaluated the extent to which the available information supports the draft ICCVAM test
method recommendations.

ICCVAM provided the Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM) with the draft BRD and draft Test Method Evaluation Report, the Panel’s report, and all
public comments. SACATM discussed these at their June 25-26, 2009, meeting, where public
stakeholders were given another opportunity to comment. After SACATM’s meeting, ICCVAM
considered the SACATM comments, the Panel report, and all public comments before finalizing the
Background Review Document and test method recommendations. These recommendations will be
forwarded to Federal agencies for their consideration and acceptance decisions where appropriate.

We gratefully acknowledge the organizations and scientists who provided data and information for
this document. We also acknowledge the efforts of those individuals who helped prepare this
background review document, including the following staff from the NICEATM support contractor,
Integrated Laboratory Systems, Inc.: David Allen, Jon Hamm, Nelson Johnson, Elizabeth Lipscomb,
Linda Litchfield, Steven Morefield, Gregory Moyer, Catherine Sprankle, and Jim Truax. We also
thank the members of the OTWG, chaired by Karen Hamernik, Ph.D. (U.S. EPA) and Jill Merrill,
Ph.D. (U.S. Food and Drug Administration), and ICCVAM representatives who reviewed and
commented on draft versions. We also thank Valerie Zuang, Ph.D., and Dr. Hajime Kojima, Ph.D.,
the liaisons to the OTWG from the European Centre for the Validation of Alternative Methods and
the Japanese Center for the Validation of Alternative Methods, respectively, for their participation.

Marilyn Wind, Ph.D.
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Executive Summary

In October 2003, the U.S. Environmental Protection Agency (EPA) submitted to the Interagency
Coordinating Committee on the Validation of Alternative Methods (ICCVAM) a homination
requesting the evaluation of several activities related to reducing, refining, and replacing the use of
rabbits in the current in vivo Draize rabbit eye test (69 FR 13859 [March 24, 2004]). In response to
this nomination, ICCVAM evaluated the validation status of the bovine corneal opacity and
permeability (BCOP), hen’s egg test—chorioallantoic membrane (HET-CAM), isolated chicken eye
(ICE), and isolated rabbit eye (IRE) test methods. To evaluate how well these test methods identify
ocular corrosives and severe irritants, ICCVAM used the EPA (2003a), European Union (EU 2001),
and United Nations Globally Harmonized System of Classification and Labelling of Chemicals
(GHS) (UN 2007) classification systems.

ICCVAM considered the performance of two of these in vitro test methods, the BCOP and the ICE, to
be sufficient to support their use in testing certain types of substances for regulatory hazard
classification. The IRE and HET-CAM test methods lacked sufficient performance and/or sufficient
data to support their use for regulatory hazard classification. ICCVAM recommended that the BCOP
and ICE test methods should be used in a tiered-testing strategy that would classify positive
substances as ocular corrosives or severe irritants without animal testing. These recommendations
were accepted by U.S. Federal agencies, and, as a result, in vitro test methods may now be used
instead of conventional tests for certain regulatory testing purposes.

ICCVAM is now reviewing the validation status of these in vitro test methods to identify nonsevere
ocular irritants (those that cause reversible ocular damage [EPA Category Il and 1ll; EU R36; GHS
Category 2A and 2B]) and substances not labeled as irritants (EPA Category IV; EU Not Labeled;
GHS Not Classified) according to the EPA (2003a), EU (2001), and GHS (UN 2007) classification
systems. The FHSA classification system, which is based on the testing guidelines and associated
criteria included in 16 CFR 1500.42 (CPSC 2003), is also included in these evaluations. The FHSA
classification system was not used in the original analyses (ability of the test methods to identify
ocular corrosives and severe irritants) because the FHSA ocular hazard category that is assigned
based on results from the Draize rabbit eye test (Draize et al. 1944) does not distinguish between
ocular corrosives and severe irritants and less severe irritants. For this reason, an evaluation to
identify ocular corrosives and severe irritants using the FHSA classification system was not possible.

Because the FHSA classification system (FHSA 2005) is based on a sequential testing strategy that
uses up to 18 animals, only a small percentage of the substances in the HET-CAM database would be
classifiable if the FHSA criteria were strictly applied. To maximize the number of substances
included in these analyses, “proportionality” criteria were applied for the purpose of assigning an
FHSA classification to test results that would require additional testing according to the FHSA
sequential testing strategy. These “proportionality” criteria (FHSA-20% and FHSA-67%) are as
follows:

e FHSA-20% is based on the proportion of positive animals needed to identify a substance
as an irritant using the FHSA sequential testing strategy, where 20% of the animals must
demonstrate a positive response for a substance to be identified as an irritant. A substance
tested using 3 to 6 animals would not be labeled if <1/6 animals were positive based on
the FHSA criteria. The substance would be labeled as an irritant if there were >1 positive
animal in a 3- to 5-animal test or >2 positive animals in a 6-animal test.

o FHSA-67% is based on the proportion of positive animals needed to identify a substance
as an irritant using the “first test” of the FHSA sequential testing strategy, where 67% of
the animals must demonstrate a positive response for a substance to be identified as an
irritant. A substance tested using 3 to 6 animals would not be labeled as an irritant if <1/6



animals were positive based on the FHSA criteria. The substance would be labeled as an
irritant if there were >2/3, 3/4, 4/5, or 4/6 positive animals. If 1/3, 1/4, 2/4, 1/5, 2/5, 3/5,
2/6, or 3/6 animals were positive, further testing would be required.

Together, the National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) and the ICCVAM Ocular Toxicity Working Group prepared
draft background review documents (BRDs) that summarize the available data and information
regarding the validity (usefulness and limitations) of each test method. This BRD summarizes all
available information for the HET-CAM test method and its current validation status, including what
is known about its reliability and accuracy, and the scope of the substances tested. Original data for
the HET-CAM test method will be maintained for future use so that these performance statistics may
be updated as additional information becomes available.

HET-CAM Test Method Protocol

The HET-CAM test method uses the vascular fetal membrane of chicken embryos. The HET-CAM
test method is proposed to provide information on the effects that may occur in the conjunctiva of the
eye following test substance administration. It is 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 membrane is evaluated for the
development of irritant endpoints (hyperemia, hemorrhage, and coagulation) and qualitative
assessments of the irritation potential of test substances are made.

Validation Database

No new HET-CAM data have been obtained since ICCVAM evaluated the HET-CAM test method
for identifying ocular corrosives and severe irritants (ICCVAM 2006a). Therefore, the same database
was used in the current evaluation. The HET-CAM validation database contains a total of 260
substances and formulations. The most commonly tested chemical classes are alcohols, carboxylic
acids, and formulations. The most commonly tested product classes are solvents, shampoos,
surfactants, and cosmetics. Analyses of each of the HET-CAM protocols indicate that the Irritation
Score (A), or IS(A), analysis method performed best when evaluating substances not labeled as
irritants. The available IS(A) database includes 63 test substances, 58 to 60 of which had sufficient in
vivo data to be assigned an ocular irritancy hazard classification, depending on the classification
system used. These 58 to 60 substances comprise 43 cosmetic and personal care product formulations
(including 25 surfactant-based formulations and 18 oil/water emulsions) and 17 individual substances
(including seven alcohols; no other classes were represented by more than three substances).

In order to calculate the appropriate EPA (2003a), EU (2001), FHSA (2005), and GHS (UN 2007)
ocular irritancy hazard classifications, detailed in vivo data consisting of cornea, iris, and conjunctiva
scores for each animal at 24, 48, and 72 hours following test substance administration and/or
assessment of the presence or absence of lesions at 7, 14, and 21 days are needed. Some of the test
substances had only limited in vivo data and could not be used to evaluate test method accuracy and
reliability. To maximize the number of substances included in the FHSA analyses, “proportionality”
criteria (FHSA-20% and FHSA-67%), as outlined above, were applied for the purpose of assigning a
FHSA classification to test results that would require additional testing according to the FHSA
sequential testing strategy.

HET-CAM Test Method Accuracy

I dentification of All Ocular Hazard Categories
ICCVAM evaluated how well the HET-CAM test method identified all categories of ocular irritation
potential as defined by the EPA (2003a), GHS (UN 2007), and EU (2001) classification systems. For



these evaluations, the IS(A) analysis method was used. Because the FHSA classification system does
not distinguish between ocular corrosives and severe irritants and less severe irritants, an evaluation
for all ocular hazard categories using the FHSA classification system was not possible. Analyses were
also performed excluding specific chemical classes and/or physical properties that were previously
identified as discordant in the HET-CAM test method (alcohols, surfactant formulations, and
oil/water emulsions) relative to the in vivo hazard classification (ICCVAM 2006a).

As shown in Table 1, overall correct classifications ranged from 38% (23/60) to 41% (24/59) when
using the entire database, depending on the hazard classification system used. When discordant
classes are excluded, overall correct classifications improved to a range of 62% (5/8) to 78% (7/9),
depending on the classification system used. However, too few substances (0-2) are in the moderate
category (EPA Category 11, GHS Category 2A, EU R36) to adequately evaluate the performance of
the HET-CAM test method for this irritant category. Similarly, while 18 substances are classified as
mild (EPA Category I1I) for the EPA system, only five are classified as GHS Category 2B (the EU
system does not distinguish mild irritants).

Distinguishing Substances Not Labeled as I rritants from All Other Hazard Categories

ICCVAM also evaluated how well the HET-CAM test method distinguished substances not labeled
as irritants (EPA Category 1V, EU Not Labeled, FHSA Not Labeled, GHS Not Classified) from all
other ocular hazard categories (EPA Category I, Il, 11l; EU R41, R36; FHSA Irritant; GHS Category
1, 2A, 2B) as defined by the EPA (2003a), GHS (UN 2007), EU (2001), and FHSA (2005)
classification systems. Analyses were also performed excluding specific chemical classes and/or
physical properties that were previously identified as discordant in the HET-CAM test method
(alcohols, surfactant formulations, and oil/water emulsions) relative to the in vivo hazard
classification (ICCVAM 2006a).

As shown in Table 2, overall accuracy ranged from 62% (36/58) to 80% (44/55), depending on the
hazard classification system used. The lowest false negative rate (0% [0/31 and 0/26]) was noted for
the GHS and EU classification systems, followed by 3% (1/39) for FHSA-67% criteria, and 9% (4/45
and 4/47) for the EPA and FHSA-20% classification systems. All four false negatives for the EPA
classification system were oil/water emulsions that were classified as EPA Category Il substances
based on Draize rabbit eye test data. The false negatives identified using the FHSA-20% and FHSA-
67% criteria were the same oil/water emulsions identified by the EPA classification system. The
lowest false positive rate (60% [9/15]) was noted for the EPA classification system, followed by 63%
(10/16) for the FHSA-20% and FHSA-67% criteria, and 64% (18/28) and 69% (22/32) for the GHS
and EU classification systems, respectively.

The exclusion of discordant classes improved accuracy (ranged from 75% [6/8] to 100% [9/9 and
10/10] when discordant classes were removed versus 62% [36/58] to 80% [44/55] for overall
accuracy, depending on the hazard classification system used). However, the discordant substances
comprised at least 84% of the substances in each classification system, so the performance of each
classification system was based on ten or fewer substances.



Tablel Performance of the HET-CAM Test Method in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit Eye
Test Method, as Defined by the EPA, GHS, and EU Classification Systems'

3 NPT 5
Hazard Overall Correct Severé? M oder ate Mild Not L abeled
Classification o
System Classification Actual Under Over Actual Under Over Actual Under Over Actual
Overall (EPA) 38% 48% 52% 50% 50% 0% 56% 22% 22% 60% 40%
(23/60) (12/25) | (13/25) (1/2) (1/2) (0/2) (10/18) | (4/18) (4/18) (9/15) (6/15)
Without Alcohols,
Surfactant 78% 100% 0% 50% 50% 0% 100% 0% 0% - -
Formulations, and (7/9) (6/6) (0/6) (1/2) 1/2) (0/2) (/1) (0/1) (0/1) (0/0) (0/0)
Oil/Water Emulsions®
Overall (GHS) 41% 50% 50% - - - 80% 20% 0% 64% 36%
(24/59) (13/26) (13/26) (0/0) (0/0) (0/0) (4/5) (1/5) (0/5) (18/28) (10/28)
Without Alcohols,
Surfactant 67% 86% 14% - - - 100% 0% 0% 100% 0%
Formulations, and (6/9) (6/7) @ (0/0) (0/0) (0/0) (1/1) (0/1) (0/1) (1/2) (0/1)
Oil/Water Emulsions
40% 50% 50% 50% 50% 0% 69% 31%
Overall (EV) (23/58) azay | @zeay | ar) | ap) (0R2) NA NA NA 1 ai2) | (1os2)
Without Alcohols,
Surfactant 62% 100% 0% 100% 0% 0% NA NA NA 100% 0%
Formulations, and (5/8) (5/5) (5/5) (1/1) (0/1) (0/1) (2/2) (0/2)
Oil/Water Emulsions

Abbreviations: EPA = U.S. Environmental Protection Agency; EU = European Union; GHS = Globally Harmonized System; HET-CAM = hen’s egg test—chorioallantoic
membrane; NA = not applicable.

! EPA classification system (EPA 2003a); GHS classification system (UN 2007); EU classification system (EU 2001). Because the FHSA classification system does not distinguish
between ocular corrosives/severe irritants and less severe irritants, an evaluation for all ocular hazard categories using the FHSA classification system was not possible.

Severe = EPA Category |; GHS Category 1; EU R41.

Moderate = EPA Category Il; GHS Category 2A; EU R36.

Mild = EPA Category Il1; GHS Category 2B.

Not Labeled = EPA Category IV; GHS Not Classified: EU Not Labeled.

Alcohols, surfactant formulations, and oil/water emulsions were previously identified as discordant in the HET-CAM test method relative to the in vivo hazard classification
(ICCVAM 2006a).
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HET-CAM Test Method Reliability

| nterlaboratory Reproducibility

Previous quantitative and qualitative evaluations of the reliability of the HET-CAM test method have
been conducted (ICCVAM 2006a). Because the database used for the current evaluation of the HET-
CAM test method has not changed, the quantitative evaluation of test method reliability remains
unchanged. Additional qualitative analyses of interlaboratory reproducibility were conducted to
evaluate how well the HET-CAM hazard classifications agreed among the five participating
laboratories from the interlaboratory validation study (Hagino et al. 1999). These evaluations were
based on the use of the HET-CAM test method (1) to identify all ocular hazard categories according
to the EPA, EU, or GHS systems, and (2) to distinguish substances not labeled as irritants (EPA
Category IV, GHS Not Classified, EU Not Labeled) from all other ocular hazard categories (EPA
Categories I, 11, 11l; GHS Categories 1, 2A, 2B; EU R41, R36). Because the performance of the HET-
CAM test method was similar for the EPA and FHSA hazard classification systems, additional
reliability analyses were not conducted for the FHSA hazard classification system.

Using the first approach (identifying all ocular hazard categories), there was 100% agreement among
the five laboratories for a majority of the Draize ocular corrosives and severe irritants correctly
classified by the HET-CAM test method based on all three classification systems. There was 100%
agreement for 63% [5/8] of the correctly identified EPA Category | substances and 100% agreement
for 71% [5/7] of the correctly identified GHS Category 1 or EU R41 substances. There was 100%
agreement among the five laboratories for the one moderate irritant in the database (EPA Category Il
or EU R36; no GHS Category 2A substances were included), which was overpredicted by the HET-
CAM test method. There was 100% agreement for the mild ocular irritants (EPA Category I1l, GHS
Category 2B; the EU does not have a mild irritant category), which were uniformly overpredicted by
the HET-CAM test method. For the Hagino et al. (1999) database, all of the substances not classified
as irritants based on Draize data (EPA Category IV, EU Not Labeled, GHS Not Classified) were
overpredicted by the HET-CAM test method. There was 100% agreement among the five laboratories
for 86% (6/7) or 75% (3/4) of these substances for the EU and GHS classification systems,
respectively. By comparison, for the two EPA Category IV substances tested, there was either 100%
or 80% agreement among the five laboratories.

Using the second approach (distinguishing substances not labeled as irritants from all other ocular
hazard categories), there was 100% agreement among the five laboratories for 76% (13/17) to 94%
(16/17) of the substances tested by the HET-CAM test method, depending on the classification
system used.

There was 100% agreement among the five laboratories for 100% (13/13) of the substances correctly
identified as irritants according to the EPA classification system (Category I, 11, or I11). While neither
of the EPA Category IV substances were correctly identified by the HET-CAM test method, there
was 60% agreement among the five laboratories for 100% (2/2) of the EPA Category IV substances
that were overpredicted by the HET-CAM test method.

There was 100% agreement among the five laboratories for 63% (5/8) of the substances correctly
identified as an irritant according to the EU classification system (R36 or R41). There was at least
60% agreement among the five laboratories for the remaining three substances correctly classified as
an irritant. While none of the EU Not Labeled substances were correctly identified by the HET-CAM
test method, there was 100% agreement among the five laboratories for 86% (6/7) of these substances
that were overpredicted by the HET-CAM test method.

There was 100% agreement among the five laboratories for 100% (11/11) of the substances correctly
identified as irritants according to the GHS classification system (Category 1, 2A, or 2B). While none
of the GHS Not Classified substances were correctly identified by the HET-CAM test method, there



was 100% agreement among the five laboratories for 75% (3/4) of these substances that were
overpredicted by the HET-CAM test method.



Table2 Accuracy of theHET-CAM IS(A) Test Method in Distinguishing Substances Not Labeled asIrritantsfrom All Other Hazard
Categories, as Defined by the EPA, GHS, EU, and FHSA Classification Systems

Hazard Classification Accuracy Sensitivity Specificity Falszz?:tlve False Negative Rate
System N
% No. % No. % No. % No. % No.
Overall (EPA)* 60 78 47/60 91 41/45 40 6/15 60 9/15 9 4/45
Without Alcohols,
Surfactant Formulations, 9 100 9/9 100 9/9 - 0/0 0 0/9 - 0/0
and Oil/Water Emulsions®
Overall (GHS)3 59 69 41/59 100 31/31 36 10/28 64 18/28 0 0/31
Without Alcohols,
Surfactant Formulations, 9 89 8/9 100 8/8 0 0/1 100 1/1 0 0/8
and Oil/Water Emulsions
Overall (EU)* 58 62 36/58 100 26/26 31 10/32 69 22/32 0 0/26
Without Alcohols,
Surfactant Formulations, 8 75 6/8 100 6/6 0 0/2 100 212 0 0/6
and Oil/Water Emulsions
Overall (FHSA-20%)° 63 78 49/63 91 43/47 38 6/16 63 10/16 9 4/47
Without Alcohols,
Surfactant Formulations, 10 100 10/10 100 10/10 b - - - 0 0/10
and Oil/Water Emulsions
Overall (FHSA-67%)° 55 80 44/55 97 38/39 38 6/16 63 10/16 3 1/39
Without Alcohols,
Surfactant Formulations, 9 100 9/9 100 9/9 -6 - - - 0 0/9
and Oil/Water Emulsions

Abbreviations: EPA = U.S. Environmental Protection Agency; EU = European Union; FHSA = U.S. Federal Hazardous Substances Act; GHS = Globally Harmonized System;
HET-CAM = hen's egg test—chorioallantoic membrane; N = number of substances included in this analysis; No. = data used to calculate the percentage.

! EPA classification system (EPA 2003a): Category IV vs. Category I/11/111.

2 Alcohols, surfactant formulations, and oil/water emulsions were previously identified as discordant in the HET-CAM test method relative to the in vivo hazard classification
(ICCVAM 2006a).

3 GHS classification system (UN 2007): Not Classified vs. Category 1/2A/2B.

4 EU classification system (EU 2001): Not Labeled vs. R41/R36.



® FHSA classification system (FHSA 2005): Not Labeled vs. Irritant. To maximize the number of substances included in the FHSA analyses, “proportionality” criteria (FHSA-
20% and FHSA-67%) were applied for the purpose of assigning a FHSA classification to test results that would require additional testing according to the FHSA sequential
testing strategy.

® No substances were classified as Not Labeled by FHSA or as nonirritants in HET-CAM, so specificity and the false positive rate could not be determined.



1.0 Introduction

1.1  Background

The current rabbit eye test method identifies both irreversible (e.g., corrosion) and reversible ocular
effects. It also provides quantitative scoring with which to categorize the severity of reversible effects
such as mild, moderate, or severe irritation. Current U.S. Environmental Protection Agency ocular
testing guidelines and the United Nations (UN) Globally Harmonized System (GHS) of Classification
and Labelling of Chemicals indicate that if serious ocular damage is anticipated (e.g., a lesion
considered to be irreversible or persisting for 21 days), then a test on a single animal may be
considered. If serious damage is observed, no further animal testing is necessary (EPA 1998; UN
2007). If no serious damage is observed, additional test animals (1 or 2 rabbits) may be evaluated
sequentially until concordant irritant or nonirritant responses are observed based on the GHS (UN
2007) or until unequivocal results are obtained in a minimum of three animals according to the EPA
test guideline (EPA 1998). In the FHSA classification system (FHSA 2005), which is based on the
testing guidelines and associated criteria included in 16 CFR 1500.42 (CPSC 2003), corrosive
substances are identified by other test methods (e.g., Draize skin test or human accidental exposure
data) and excluded from further irritant testing.

In 2006, the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) finished evaluating the hen’s egg test—chorioallantoic membrane (HET-CAM) test
method to identify ocular corrosives and severe irritants (ICCVAM 2006a). ICCVAM concluded that
the HET-CAM test method was not suitable for identifying ocular corrosives and severe irritants (i.e.,
EPA Category |, GHS Category 1, EU R41) (ICCVAM 2006b), but this recommendation could be
revised as additional data become available.

ICCVAM is now evaluating the usefulness and limitations of the HET-CAM test method for
identifying nonsevere irritants (i.e., those that induce reversible ocular damage [EPA Category Il and
I11; EU R36; GHS Category 2A and 2B]) and substances not labeled as irritants (i.e., EPA Category
IV; EU Not Labeled; FHSA Not Labeled; GHS Not Classified) according to the EPA, EU, FHSA,
and GHS classification systems (EPA 2003a; EU 2001; FHSA 2005; UN 2007). However because the
FHSA classification system (2005) is based on a sequential testing strategy, which uses up to

18 animals, only a small percentage of the substances in the ICE database would be classifiable if the
FHSA criteria were strictly applied. In order to maximize the number of substances included in these
analyses, "proportionality" criteria (i.e., FHSA-20% and FHSA-67%) were applied for the purpose of
assigning an FHSA classification for test results that would require additional testing according to the
FHSA sequential testing strategy (see Section 4.1).

As part of the evaluation process, this background review document (BRD) has been prepared to
describe the current validation status of the HET-CAM test method, including what is known about
its reliability and accuracy, its applicability domain, the numbers and types of substances tested, and
the availability of a standardized protocol. An ICCVAM expert panel used this BRD when reviewing
the HET-CAM as a method to identify all categories of ocular irritants and substances not labeled as
irritants.

Parallel reviews of the bovine corneal opacity and permeability (BCOP), isolated chicken eye (ICE),
and isolated rabbit eye (IRE), test methods are being conducted. The expert panel report and the
analyses presented in the BRDs will be used to support ICCVAM recommendations on the proposed
standardized test method protocols, proposed list of recommended reference substances, and
additional optimization and/or validation studies that may be necessary to further develop and
characterize the usefulness and limitations of these methods.



For a more detailed discussion of the background of the HET-CAM test method, including its
scientific basis and regulatory rationale and applicability, see the ICCVAM Background Review
Document—Current Status of In Vitro Test Methods for Identifying Ocular Corrosives and Severe
Irritants: Hen'’s Egg Test — Chorioallantoic Membrane (ICCVAM 2006a).

1.2 Useof theHET-CAM Test Method in Overall Strategy of Hazard or Safety
Assessment

As shown in Figure 1-1, the GHS allows for use of validated and accepted in vitro methods to
identify ocular corrosives/severe irritants and ocular irritants without further testing. The HET-CAM
test method is currently not recommended for identification of ocular corrosives and severe irritants
in a tiered-testing strategy for regulatory classification and labeling for use in the GHS testing scheme
(UN 2007). ICCVAM is now further evaluating the usefulness and limitations of the HET-CAM test
method for identifying nonsevere irritants and substances not labeled as irritants.

1.3 Validation of the HET-CAM Test Method

The ICCVAM Authorization Act of 2000 (Sec. 4([c]) mandates that “each Federal Agency ... shall
ensure that any new or revised ... test method ... is determined to be valid for its proposed use prior
to requiring, recommending, or encouraging [its use]” [A16] (Public Law 106-545).

Validation is the process that establishes the reliability and relevance of a test method for a specific
purpose (ICCVAM 2003). Relevance is defined as the extent to which a test method will correctly
predict or measure the biological effect of interest (ICCVAM 2003). For the HET-CAM test method
described in the ICCVAM 2006 BRD (ICCVAM 2006a), relevance is restricted to how well the test
method identifies substances that are capable of producing corrosive or severe irritant effects to the
eye. For the current BRD, relevance is based on how well the test method identifies substances that
are capable of producing nonsevere ocular irritation or substances not labeled as irritants.



Figurel-1 GHS Testing Strategy for Serious Eye Damage and Eye Irritation®

Parameter Findings Conclusions

If avalid in vitro test isavailable —» Ea—
Severe damage Category 1
to assess severe damage to eyes

|

Not a severe eye irritant

|

If avalid in vitro test isavailable

s — Irritant E— Category 2
for eyeirritation

No indication of eye irritant
properties

|

Experimentally assess skin E— Corrosive o No evaluation of
corrosion potential (validated in effects on eyes
vitro or in vivo test)

|

Not corrosive

}

— i ' — > Category 1
1 rabbit eye test Severgllrreversmle gory

amage

l ‘ Irritant Category 2

No serious damage

1 or 2 additional rabbits —»  Severefirreversible  _ Category 1
damage

—_ Irritant Category 2

Not an eye irritant

Abbreviations: GHS = Globally Harmonized System
! Adapted from UN (2007).

Reliability is defined as the reproducibility of a test method within and among laboratories. Reliability
should be based on its performance with a diverse set of substances that (1) represent the types of



chemical and product classes likely to be tested and (2) cover the range of responses that need to be
identified. The validation process will provide data and information to allow U.S. Federal agencies to
develop guidance on the development and use of the HET-CAM test method as part of a tiered-testing
approach to evaluating substances’ eye irritation potential.

The first stage in this evaluation is the preparation of a BRD that presents and evaluates the relevant
data and information about the test method, including its mechanistic basis, proposed uses, reliability,
and performance characteristics (ICCVAM 2003). This BRD summarizes the available information
on the HET-CAM test method. Where adequate data are available, the qualitative and quantitative
performance of the test method are evaluated.

1.4  Search Strategies and Selection of Citationsfor the HET-CAM BRD

The HET-CAM test method data summarized in this BRD are based on information found in the
peer-reviewed scientific literature as detailed in the ICCVAM Background Review Document—
Current Status of In Vitro Test Methods for Identifying Ocular Corrosives and Severe Irritants: Hen's
Egg Test — Chorioallantoic Membrane Test Method (ICCVAM 2006a). A literature search for HET-
CAM studies published between January 2005 and January 2009 used the same terminology and
information databases used in the 2006 ICCVAM BRD (ICCVAM 2006a). The research revealed
four studies that included information on HET-CAM protocols or contained data on test substances.
While no in vivo reference data were included in any of the four citations, in vivo data for six of nine
substances included in one study were available from the National Toxicology Program Interagency
Center for the Validation of Alternative Toxicological Methods (NICEATM) database of Draize eye
test results. However, because these substances were included in the original analyses (and the HET-
CAM results from the new study agreed with the previous results), the database used in the HET-
CAM performance analysis is the same as the database used in the ICCVAM Background Review
Document—Current Status of In Vitro Test Methods for Identifying Ocular Corrosives and Severe
Irritants: Hen's Egg Test — Chorioallantoic Membrane Test Method (ICCVAM 2006a).

20 Hen'sEgg Test—Chorioallantoic Membrane Test Method Protocol
Components

The HET-CAM protocol first described by Luepke (1985) uses a vascular fetal membrane, the
chorioallantoic membrane (CAM), which is composed of the fused chorion and allantois. The CAM
has been proposed as a model for a living membrane (such as the conjunctiva) because 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 acute effects induced by a test
substance on the small blood vessels and proteins of this soft tissue membrane are proposed to be
similar to effects induced by the same test substance in the eye of a treated rabbit.

Since the initial description of the HET-CAM test method, several studies have been conducted to
evaluate the feasibility of using HET-CAM as a complete replacement for the in vivo rabbit ocular
test. Most of these reports describe a HET-CAM test method protocol that is similar but not identical
to the original protocol. These differences include the breed of hen from which eggs are obtained, the
endpoints evaluated, data collection procedures, and methods used to analyze the data.

To date, no single HET-CAM test method protocol has gained wide acceptance as a standardized
protocol. However, for a general description of how the HET-CAM test method is conducted, see the
ICCVAM Background Review Document—Current Status of In Vitro Test Methods for Identifying
Ocular Corrosives and Severe Irritants: Hen’s Egg Test — Chorioallantoic Membrane Test Method
(2006a). Briefly, during a HET-CAM study, the test substance is applied to the surface of the CAM.
The CAM is subsequently evaluated for development of irritant endpoints: hemorrhage (bleeding),
vascular lysis (blood vessel disintegration), and coagulation (intra- and extravascular protein



denaturation). Depending on the method used to collect data on the endpoints (e.g., time to
development, severity of observed effect), qualitative assessments of the irritation potential of test
substances are made. As detailed in Section 6.0, analyses of each of the HET-CAM analysis methods
indicate that the irritation score (A) (IS[A]) analysis method achieved the best performance when
evaluating substances not labeled as irritants. Therefore, the IS(A) method is described here. For a
description of the other HET-CAM analysis methods (i.e., Q-score, mtc10, ITS, and S-score), see the
2006 ICCVAM BRD (ICCVAM 2006a).

21 Thelrritation Score (1S) Analysis M ethod

For those test method protocols that assigned a score to each of the endpoints evaluated at preset time
intervals, the values assigned to each endpoint were added to give an irritation score (IS) value for the
test substance (i.e., IS[A] analysis method). The possible IS values range from 0 (for test substances
that do not induce development of any of the toxic endpoints of interest over the range of time
intervals) to 21 (for test substances that induced development of all three toxic endpoints within

30 seconds of application of the test substance) (Luepke 1985).

For those test method protocols that noted the time that a specific endpoint was first observed, the IS
value was calculated (i.e., IS[B] analysis method) using the following formula (Kalweit et al. 1987,
1990):

[[ (301— Hemorrhage t/me)] y 5} N [[ (301 Lysis t/me)J y 7] . (( (301 Coagulation t/me)] y 9]

300 300 300

where:

Hemorrhage time = time (in seconds) of the first appearance of blood hemorrhages
Lysis time = time (in seconds) of the first appearance of vessel lysis

Coagulation time = time (in seconds) of the first appearance of protein coagulation

The IS value, when calculated using this formula, has a maximal value of 21.

When the development of hyperemia, injection, or another toxic endpoint was evaluated instead of
vessel lysis, the time to first appearance for the alternative endpoint replaced the lysis time point.

2.1.1 |SClassfication Scheme

For studies that used the analysis methods developed by Luepke (1985) or Kalweit et al. (1987,
1990), the accuracy analysis presented in this BRD (see Section 6.0) used the ocular irritancy
classification scheme described in Table 2-1. Therefore, substances with IS(A) or IS(B) values of
9 or greater were classified as severe irritants for the purposes of this analysis. The rationale for the
decision criteria used in this classification scheme were not provided, and the correlation of these
categories to irritancy categories described by the EPA (2003), GHS (UN 2007), and EU (2001)
classification systems is unknown.

Table2-1 IS Classification Scheme Used to Classify Substancesfor Accuracy Analysis'
HET-CAM Score Range Irritation Category
0t00.9 Not Labeled
1t04.9 Slight Irritation
5t08.9 Moderate Irritation
9to 21 Severe Irritation

1 According to Luepke (1985) and Kalweit et al. (1987, 1990).



3.0 SubstancesUsed for Validation of the HET-CAM Test Method

31 Rationale for the Substances or Products Selected for Use

Validation studies for in vitro ocular test methods should ideally evaluate an adequate sample of test
substances and products from chemical and product classes that would be evaluated using the in vivo
rabbit eye test method. Test substances with a wide range of in vivo ocular responses (e.g.,
corrosive/severe irritant to not labeled) also should be assessed to determine any limit to the range of
responses that can be evaluated by the in vitro test method.

Although new HET-CAM data were identified among four studies published since the ICCVAM
evaluation of HET-CAM for identification of ocular corrosives and severe irritants ICCVAM
2006a), the only substances for which in vivo reference data were available were already included in
the original HET-CAM database. Therefore, the same database was used in the current evaluation
(i.e., Bagley et al. 1992; Balls et al. 1995; CEC 1991; Gettings et al. 1991, 1994, 1996; Gilleron et al.
1996, 1997; Hagino et al. 1999; Kojima et al. 1995; Spielmann et al. 1996;Vinardell and Macian,
1994). As detailed in Section 6.0, analyses of each of the multiple HET-CAM protocols indicates that
the IS(A) analysis method achieved the best performance when evaluating substances not labeled as
irritants. The available database for the IS(A) includes a total of 63 test substances, of which in vivo
reference data sufficient to assign an ocular irritancy classification are available for 58 - 60 substances
depending upon the classification system.

Table 3-1 and Table 3-2 show the chemical classes and product classes for the test substances
included in the original assessment. Information, including substance name, Chemical Abstracts
Service Registry Number (CASRN), chemical and/or product class, concentration(s) tested, purity,
supplier or source, and literature reference for the test substance are provided in Annex I. If not
assigned in the study report, the product class was sought from other sources, including the National
Library of Medicine’s ChemIDplus® database. Chemical classes were assigned to each substance
using a standard classification scheme based on the National Library of Medicine Medical Subject
Headings (MeSH®) classification system (available at: http://www.nlm.nih.gov/mesh), which ensures
consistency in classifying substances among all in vitro ocular test methods under consideration.
Importantly, a substance could be assigned to more than one chemical or product class.

As shown in Table 3-1, the chemical classes with the greatest amount of HET-CAM data are alcohols
(n=75), carboxylic acids (n=51), and formulations (n=53). Of the 504 substances included in

Annex |1, 28 substances, including formulations and mixtures of unknown composition, could not be
assigned a specific chemical class.


http://www.nlm.nih.gov/mesh

Chemical Classes Tested in the HET-CAM Test Method

Table 3-1
Chemical Class oy
Acyl halide 2
Alcohol 75
Aldehyde
Alkali 4
Amide
Amidine 6
Amine 34
Amino acid 7
Carbohydrate 1
Carboxylic acid 51
Ester 34
Ether 38
Formulation 53
Heterocyclic compound 37
Hydrocarbon, acyclic 5
Hydrocarbon, cyclic 5
Inorganic boron compound 2

Chemical Class A
Inorganic salt 14
Imide 4
Ketone 15
Lactone
Nitrile
Nitro compound 3
Onium compound 22
Organic salt 50
Organometallic compound 2
Organophosphorous 1
compound
Organosilicon compound 6
Phenol 4
Polycyclic compound 11
Organic sulfur compound 18
Unknown 28
Urea 3

As shown in Table 3-2, the most common product classes tested in the HET-CAM test method are
solvents (n=13), hair shampoos (n=13), surfactants (n=17), and cosmetics (n=14). Of the
504 substances included in Annex |1, 167 were unable to be classified within a product class.

As described in Section 6.0, analyses of each of the multiple HET-CAM protocols indicates that the
IS(A) analysis method achieved the best performance when evaluating substances not labeled as

irritants. The total available database for the IS(A) analysis method includes 63 substances, for which

58-60 substances have available in vivo reference data sufficient to assign an ocular irritancy

classification depending upon the classification system. Among these substances are 43 cosmetic and

personal care product formulations (including 25 surfactant-based formulations and 18 oil/water
emulsions) and 17 individual substances (including seven alcohols; no other classes represented by

more than three substances).




Product Classes Tested in the HET-CAM Test M ethod

Table 3-2
Product Class Subitg;ces

Aerosol formulation ingredient 1
Antifreezing agent 1
Anti_—infectiye agent, 2

Anti-bacterial agent
Antiperspirant 1
Bacte_:r!cide, Biogi(_je, 4

Fungicide, Germicide

Beverage 1
Cationic surface active agent 1
Chemical intermediate 6
Cleaner 1
Conditioner, Hair 2
Cosmetics 14
Cream 1
Disinfectant 1
Drug vehicle 1
Emollient 2
Fertilizer 1
Flavor ingredient 5
Fragrances 4
Industrial explosive 1

Product Class Sub#sttgzcas
Laboratory reagent 7
Lotion 3
Lubricant 1
Mouthwash 1
Neurotransmitter 2
Pesticide 5
Pharmaceutical agent,
Pharmaceutical intermediate, 4
Pharmaceutical metabolite
Plasticizer 2
Polymer 1
Preservative 1
Raw material 1
Shampoo, Hair 13
Solvent 13
Sunscreen 3
Surfactant 17
Synthetic ﬂa_vor in_gredient, 4
Flavor ingredient
Synthetic intermediate 1
Unknown 167




40 In Vivo Reference Data Used for an Assessment of HET-CAM Test
Method Accuracy

A detailed description of the test method protocol predominantly used to generate the in vivo
reference data (i.e., the Draize rabbit eye test) is provided in the ICCVAM Background Review
Document—Current Status of In Vitro Test Methods for Identifying Ocular Corrosives and Severe
Irritants: Hen's Egg Test — Chorioallantoic Membrane Test Method (ICCVAM 2006a). There also
are a number of national and international test guidelines that describe this procedure (EPA 1998;
OECD 2002; CPSC 2003; EU 2004). The scoring system used for assigning an ocular hazard
classification is subjective and based on a discrete scale for grading the severity of ocular lesions on
the cornea, iris, and conjunctiva.

Most of the HET-CAM studies evaluated in this BRD include in vivo reference data generated using
the basic procedures for the in vivo rabbit eye test method described above. These data were used by
NICEATM to assign an ocular hazard classification according to the EPA (2003a), EU (2001), FHSA
(2005), and the GHS (UN 2007) ocular irritancy classification systems (Annex I11). Exceptions
included the in vivo data used by Gilleron et al. (1996), which were obtained from the studies of
Gautheron et al. (1994). According to the report by Gilleron et al., the studies were performed
according to the French and European directives (European Economic Council [EEC] 1984, 1991).
Substances were classified by the authors according to the EU (1993) classification system and were
used to assess the in vitro test method accuracy.

4.1 InVivo Classification Criteria Used for BRD Analysis

As described in the ICCVAM 2006 BRD (2006a), the in vivo rabbit eye test database that was used to
analyze the accuracy of the HET-CAM test method includes studies that were conducted using from
one to six rabbits. However, some of the in vivo classification systems considered for the accuracy
analyses are designed for application to studies using no more than three rabbits. Thus, to maximize
the amount of data used to evaluate the HET-CAM test method, the decision criteria for each
classification system were expanded to include studies that used more than three rabbits in their
evaluation. The criteria used for classification according to the EPA (2003a), GHS (UN 2007), and
EU (2001) classification systems were detailed in the 2006 ICCVAM BRD. Each of these
classification systems requires that the Draize scoring system be used. For these classification
systems, scoring continues until the effect is cleared, but usually not beyond 21 days after the
substance is applied to the eye of the rabbit. In order for a substance to be included in the accuracy
evaluations in the 2006 ICCVAM BRD (2006a), the following four criteria must have been met.

o At least three rabbits were tested in the study unless a severe effect (e.g., corrosion of the
cornea) was noted in a single rabbit. In such cases, substance classification could proceed
based on the effects observed in fewer than three rabbits.

e Avolume of 0.1 mL or 0.1 g was tested in each rabbit. A study in which a lower volume
was applied to the eye could be accepted for substance classification provided that a
severe effect (e.g., corrosion of the cornea, lesion persistence) was observed in a rabbit.

e Observations of the eye were made at least 24, 48, and 72 hours after test substance
application if no severe effect was observed.

e Observations of the eye were made until reversibility was assessed, typically meaning
that all endpoint scores were cleared. Results from a study terminated early were not used
unless the reason for the early termination was documented.

If any of the above criteria were not fulfilled, then the data for that substance were not used for the
accuracy analyses. The rules used for classification according to the EPA, EU, or GHS classification
systems are detailed in the ICCVAM 2006 BRD (2006a).



For the FHSA classification system (FHSA 2005), the testing guidelines and associated criteria are
included in 16 CFR 1500.42 (CPSC 2003). The FHSA classification system is based on using up to
three sequential tests for each test substance with six animals used per test (Table 4-1). Decisions on
further sequential testing are based on the number of positive responses in each test. The severity of
effects for each endpoint (i.e., corneal ulceration and opacity, conjunctival redness and/or swelling,
and iritis) is measured at 24, 48, and 72 hours after test substance administration. Positive responses
include corneal ulceration (other than a fine stippling), corneal opacity or iritis >1, and conjunctival
swelling and/or redness >2. In the first test, six animals are tested. If >4 animals are positive, the test
is positive. If <1 animal tests positive, the test is negative. If 2/6 or 3/6 animals are positive, then a
second test is performed with six additional animals. A third test is needed if 1/6 or 2/6 animals are
positive with the second test.

The FHSA classification system (FHSA 2005) is a binary system, which classifies substances that test
positive (according to the criteria provided in Table 4-1) as an irritant and substances that test
negative as not requiring labeling (i.e. FHSA Not Labeled). Based on the FHSA sequential testing
strategy, a substance can be classified as an eye irritant hazard with a few as 22% of the animals
having a positive response (i.e., 2/6 [first test] +1/6 [second test] +1/6 [third test] = 4/18 or 22%).

Because the FHSA classification system is based on a sequential testing strategy, which uses up to
18 animals, only a small percentage of the substances in HET-CAM database would be classifiable if
the FHSA criteria were strictly applied. In order to maximize the number of substances include in
these analyses, “proportionality” criteria were developed by NICEATM for the purpose of assigning
an FHSA classification for test results that would require additional testing according to the FHSA
sequential testing strategy (Table 4-2).

These “proportionality” criteria (i.e., FHSA-20% and FHSA-67%) are as follows:

o (FHSA-20%) — FHSA-20% is based on the proportion of positive animals needed to
identify a substance as an irritant using the FHSA sequential testing strategy, where 20%
of the animals need to demonstrate a positive response for a substance to be identified as
an irritant. A substance tested using 3 to 6 animals would not be labeled if <1/6 animals
were positive based on the FHSA criteria. The substance would be labeled as an irritant if
there were >1 positive animal in a 3- to 5-animal test or >2 positive animals in a 6-animal
test.

o (FHSA-67%) — FHSA-67% is based on the proportion of positive animals needed to
identify a substance as an irritant using the “first test” of the FHSA sequential testing
strategy, where 67% of the animals need to demonstrate a positive response for a
substance to be identified as an irritant. A substance tested using 3 to 6 animals would not
be labeled if <1/6 animals were positive based on the FHSA criteria. The substance
would be labeled as an irritant if there were >2/3, 3/4, 4/5, or 4/6 positive animals. If 1/3,
1/4, 214, 1/5, 2/5, 3/5, 2/6, or 3/6 animals were positive, further testing would be required.



Table4-1 FHSA Classification System (16 CFR 1500.42)"2

Positive Response for a Single
Rabbit?

>1 of the following at 24, 48,
and/or 72 hours

In Vivo Effect

First Test — If >4/6 animals are positive, the test is positive. If <1 animal

Corneal ulceration (other is positive, the test is negative. If 2/6 or 3/6 animals are positive, the test
than a fine stippling) is repeated using a different group of six animals.

e Corneal opacity (CO) =1 Second Test — If >3/6 animals are positive, the test is positive. If 0/6

o lritis (IR) >1 animals are positive, the test is negative. If 1/6 or 2/6 animals are

ositive, the test is repeated using a different group of six animals.
e  Conjuctival redness (CR) P P g group

and/or chemosis (CC) >2 Third Test — Should a third test be needed, the test is positive if >1/6
- animals are positive. If 0/6 animals are positive, the test is negative.

Abbreviations: CC = conjunctival chemosis; CFR = Code of Federal Regulations; CO = corneal opacity; CR = conjunctival
redness; FHSA = Federal Hazardous Substances Act; IR = iritis.

! For the FHSA Classification System (2005), the testing guidelines and associated criteria are included in 16 CFR 1500.42
(CPSC 2003).

At least three animals per test (one animal screen for corrosive/severe irritants permitted). Maximum score in any animal
used for classification.

The following scores are considered positive: CO or IR >1 or CR or CC >2. Therefore, CO and IR scores of 0 or CR and
CC scores <1 are considered negative.

Table 4-2 Proposed FHSA “Proportionality” Criteria

_ FHSA-20%? FHSA-67%"
No. of Animals Further Testi
in Test NL Irritant NL Irritant urther estzlng
Required
>1 >2
3 0/3 0/3 1/3
(>33%) (>67%)
>1 >3
4 0/4 0/4 1/4, 2/4
(>25%) (=>75%)
>1 >4
5 0/5 0/5 1/5, 2/5, 3/5
(>20%) (>80%)
>2 >4
6 0/6, 1/6 0/6, 1/6 216, 3/6
(>33%) (>67%)

Abbreviations: CPSC = U.S. Consumer Product Safety Commission; FHSA = Federal Hazardous Substances Act; NL = Not
Labeled (as an irritant); No. = number.

FHSA-20% and FHSA-67% analysis methods are based on the proportionality of positive animals needed to identify a
substance as an irritant.

For FHSA-67%, Further Testing Required refers to substances that do not meet adequate positive or negative criteria to
be classified.

1

4.2  InVivo Data Quality

Ideally, all data supporting the validity of a test method should be obtained and reported in
accordance with Good Laboratory Practice (GLP) guidelines. GLP guidelines are nationally and
internationally recognized rules designed to produce high-quality laboratory records (OECD 1998;
EPA 2003b, 2003c; FDA 2003). These guidelines provide an internationally standardized approach



for the conduct of studies, reporting requirements, archival of study data and records, and information
about the test protocol, thereby ensuring the integrity, reliability, and accountability of a study.

The extent to which the irn vivo rabbit eye studies that were used to provide the comparative data in
the published HET-CAM validation studies complied with GLP guidelines is based on the
information provided in the published reports. Based on the available information, the reports that
were identified as following GLP guidelines or used data obtained according to GLP guidelines were
Gettings et al. (1991, 1994, 1996), Balls et al. (1995), Spielmann et al. (1996), and Hagino et al.
(1999).

50 Hen'sEgg Test—Chorioallantoic Membrane Test Method Data and
Results

The following twelve published reports contained sufficient data for an accuracy analysis of the
HET-CAM test method for the identification of all categories of ocular irritation: CEC (1991),
Gettings et al. (1991, 1994, 1996), Bagley et al. (1992), Vinardell and Macian (1994), Balls et al.
(1995), Kojima et al. (1995), Gilleron et al. (1996, 1997), Spielmann et al. (1996), and Hagino et al.
(1999).

5.1 Availability of Copiesof Original Data Used to Evaluate the Accuracy and
Reliability
On March 24, 2004, NICEATM published a Federal Register notice requesting original HET-CAM
data for substances that also had been tested in vivo using the standard rabbit eye test (69 FR 13589;
available at http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_04_6487.pdf). A second request
was published on February 28, 2005 (70 FR 9661, available at
http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_05_3831.pdf). In addition, NICEATM
contacted authors of selected published HET-CAM studies and requested the original HET-CAM
data. In response to these efforts, the following in vitro data were obtained:

e Summaries of HET-CAM results (e.g., Q-scores) for the 60 substances evaluated by Balls
et al. (1995) from the European Centre for the Validation of Alternative Methods
(ECVAM). The summary data included the substance name and the average HET-CAM
score for the substance.

e [nvitro data for the substances evaluated in Spielmann et al. (1996) from
Drs. H. Spielmann and M. Liebsch. The data included the overall HET-CAM scores
obtained by each laboratory for each substance evaluated. In vitro data for two control
substances also were provided.

e Individual endpoint scores for each egg evaluated for substances described in Gilleron et
al. (1996, 1997) from Drs. Philippe Vanparys and Freddy Van Goethem. In vitro data for
four control substances also were provided.

5.2  Description of the Statistical Approaches Used to Evaluate the Resulting Data

The approach used to analyze HET-CAM study data varied and depended on the method used to
collect the data. For test method protocols that evaluated the time to development of endpoints (i.e.,
hemorrhage, lysis, coagulation) that are correlated with ocular corrosivity or irritation, an 1S, Q-score,
or mean time of coagulation (mtc) value was calculated. For test method protocols that evaluated the
severity of the toxic response, an S-score was calculated. For test method protocols that evaluated the
lowest test substance concentration needed to produce a minimal response on the CAM, the irritation
threshold concentration was determined. The irritation threshold concentration was typically
combined with the IS for the test substance to evaluate ocular irritation or corrosivity potential of a
substance.


http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_05_3831.pdf
http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_04_6487.pdf

The accuracy analysis in this BRD focuses on the ability of the HET-CAM test method to identify all
irritant hazard categories (i.e., moderate and mild irritants) and/or substances not labeled as irritants
as defined by the EPA, GHS, and EU classification systems (EPA 2003a; UN 2007; EU 2001).
However, multiple irritancy schemes have been developed for HET-CAM, and different scoring
methods and decision criteria were used. No single uniform irritancy classification scheme was
developed for HET-CAM. Furthermore, the in vitro hazard classifications were not always consistent
with or applicable to those based on Draize rabbit eye test data used by the U.S. (EPA 2003a), the
GHS (UN 2007), or the EU (EU 2001). However, some investigators have tried to correlate HET-
CAM scores with the ocular irritation classification scheme described by the Federal Hazardous
Substances Act classification system (CPSC 1988) and the EU classification system (EU 1992)
(Gettings et al. 1991, 1994, 1996; Spielmann et al. 1996, respectively).

To evaluate the ability of HET-CAM to identify all ocular hazard categories or substances not labeled
as irritants, NICEATM assigned HET-CAM results obtained using each of the different analysis
methods an ocular irritancy classification based on the ir vitro classification system most commonly
used for that particular data analysis method. Thus, substances were classified in categories based on
the in vitro score. Categories ranged from substances not labeled as irritants to ocular corrosives or
severe irritants (see Section 2.0). Some investigators (e.g., Gettings et al. 1996) classified the ocular
irritancy potential of test substances using two or more different analysis methods. In such cases,
these data were reclassified according to the approach used most commonly for each in vitro
classification scheme, and an accuracy assessment was conducted for each analysis method.

NICEATM'’s preliminary evaluation using the various analysis methods (see Section 6.1 and Annex
[11) indicated that only the IS(A) analysis method had adequate accuracy to conduct a study of
mild/moderate ocular irritation based on rabbit eye test data. Therefore, the data was limited to 63 test
substances obtained from Bagley et al. (1992), Gettings et al. (1994, 1996), Kojima et al. (1995), and
Hagino et al. (1999).

53 Summary of Results

A total of 260 test substances were evaluated in 383 HET-CAM studies for which comparative in vivo
data were available (ICCVAM 2006a). A summary of results used to evaluate test method accuracy
appears in Annex 1. This table, sorted by reference, provides the following specifics, if provided:

Name

CASRN (if available)

Chemical class

Product class

Concentration tested

Form tested

Calculated in vitro score

In vitro irritation classification of the test substance (based on the irritation classification
schemes in Section 5.3)

e Invivo reference classifications (i.e., EPA, GHS, EU)
e Literature source

Other supporting information, such as purity of the test substance, was included in the table to the
extent that this information was available. If not provided, the CASRN was obtained from various
sources, including the National Library of Medicine’s ChemIDplus® database (available at
http://chem2.sis.nlm.nih.gov/chemidplus). All substances with the same CASRN were listed under
the same name, regardless of the synonym used in the original report. Chemical and product classes
were assigned to each test substance based on the National Library of Medicine’s Medical Subject
Heading classification system (MeSH®; available at http://www.nIm.nih.gov/mesh). Annex |


http://www.nlm.nih.gov/mesh
http://chem2.sis.nlm.nih.gov/chemidplus

provides information on the names, synonyms, CASRN, and chemical/product class, where available,
for each substance. Annex |1 provides the in vitro HET-CAM test method data sorted by reference
and alphabetically by substance name.

54  Useof Coded Chemicals and Compliance with GLP Guidelines

Ideally, all data supporting the validity of a test method should be obtained and reported in
accordance with GLP guidelines and with the use of coded chemicals (OECD 1998; EPA 2003b,
2003c; FDA 2003). The data quality was evaluated by reviewing the methods section in literature
references and the submitted reports. Thus, data quality presented in the reviewed literature references
can be evaluated only to the extent such information was provided in the published reports. Based on
the available information, the following reports were identified as following GLP guidelines or using
data obtained according to GLP guidelines: Gettings et al. (1991, 1994, 1996), Balls et al. (1995),
Spielmann et al. (1996), and Hagino et al. (1999).

Detailed information on coding procedures used in different studies is provided in Section 3.4 of the
ICCVAM 2006 BRD (2006a).

6.0 Hen'sEgg Test—Chorioallantoic Membrane Test Method Accuracy

6.1  Accuracy of theHET-CAM Test Method

A critical component of an ICCVAM evaluation of a test method’s validation status is an assessment
of the proposed test method’s accuracy compared to that of the current reference test method
(ICCVAM 2003). This aspect of assay performance is typically evaluated by calculating:

e Accuracy (concordance): the proportion of correct outcomes (positive and negative) of a
test method
Sensitivity: the proportion of all positive substances that are classified as positive

o Specificity: the proportion of all negative substances that are classified as negative
Positive predictivity: the proportion of correct positive responses among substances
testing positive

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

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

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

ICCVAM evaluated the ability of the HET-CAM test method to identify all categories of ocular
irritation potential as defined by the EPA, GHS, and EU classification systems (EPA 2003a; UN
2007; EU 2001). Given that the “Test for Eye Irritants” (16 CFR 1500.42) used for FHSA
classification does not discriminate severe or corrosive effects from eye irritation in the rabbit, an
evaluation for all ocular hazard categories using the FHSA classification system was not performed.
This same analysis was also performed with specific chemical classes and/or physical properties
excluded based on their previous identification as discordant in the HET-CAM test method
(ICCVAM 2006a).

These evaluations were conducted on the overall data set created by combining results from the
reports discussed in Section 5.0, then assigning an overall ocular irritancy classification for each
substance (see Annex Il and 111). When the same substance was evaluated in multiple laboratories,
an overall HET-CAM classification was based on the majority classification among all of the studies.
When there were an equal number of differing irritancy classifications for substances (e.g., two tests



classified a substance as not labeled and two tests classified the same substance as a mild irritant), the
more severe irritancy classification was used for the overall classification for the substance (mild
irritant, in this case).

ICCVAM analyzed HET-CAM performance compared to the Draize rabbit eye test for each
classification system (i.e., EPA, GHS, EU) using each of the six HET-CAM protocols (i.e., IS[A],
IS[B], Q-score, S-score, IS, and irritation threshold concentration protocols, see Annex I11). With the
exception of the IS(A) and IS(B) protocols, all analysis methods had at least one in vivo moderate or
severe irritant substance classified in vitro as not labeled as an irritant (i.e., EPA Category 1V, GHS
Not Labeled as Irritant, EU Not Labeled). However, the IS(B) overclassified most of the Not
Classified Substances (e.g., HET-CAM IS[B] overclassified 93% [39/42] of the GHS Not Labeled as
Irritant substances). Therefore, more extensive analyses of the HET-CAM test method described in
the following sections were restricted to the IS(A) protocol.

6.1.1 GHSClassification System: HET-CAM Test Method Accuracy

Five studies (Bagley et al. 1992; Gettings et al. 1994; Gettings et al. 1996; Hagino et al. 1999; Kojima
et al. 1995) contained HET-CAM data for 63 substances, 59 of which had sufficient in vivo data to be
assigned GHS ocular irritant classifications (UN 2007) (see Annex |11). For three of these studies
(Gettings et al.1994, 1996; Hagino et al. 1999), ICCVAM evaluated each individual study separately.
Individual analyses were not conducted on the other two studies (Bagley et al. 1992; Kojima et al.
1995) because they contained data for only one and two substances, respectively. Based on in vivo
rabbit eye test data, 44% (26/59) of substances were classified as Category 1; none was classified as
Category 2A; 8% (5/59) were classified as Category 2B, and 47% (28/59) were not classified as
irritants. Four substances could not be classified due to lack of adequate animal data and are so noted
in Annex I11.

I dentification of Category 1 Substances (Ocular Corrosives/Severe Irritants)

The HET-CAM test method correctly identified 50% (13/26) of the Category 1 substances

(Table 6-1). Among the remaining 50% (13/26) of Category 1 substances underpredicted by HET-
CAM, 42% (11/26) were classified as Category 2A and 8% (2/26) were classified as Category 2B.

| dentification of Category 2A Substances (M oderate Ocular Irritants)
No substances were identified as GHS Category 2A irritants in vivo, and the HET-CAM test method
did not mislabel any other substances as moderate ocular irritants (Table 6-1).

I dentification of Category 2B Substances (Mild Ocular Irritants)

For the five substances that could be evaluated, the HET-CAM test method correctly identified 20%
(1/5) as Category 2B, while 80% (4/5) were overpredicted and 0% (0/5) were underpredicted
(Table 6-1).

I dentification of Not Classified Substances
For the 28 substances that could be evaluated, the HET-CAM test method correctly identified 36%
(10/28) as substances not classified as irritants, while 64% (18/28) were overpredicted (Table 6-1).

Ability to Distinguish Substances Not Classified asIrritantsfrom All Other Classes

In addition to evaluating the ability of the HET-CAM test method to identify each individual ocular
hazard category according to the GHS classification system, ICCVAM also evaluated the ability of
the HET-CAM test method to distinguish ocular substances not classified as irritants from all irritant



classes.! For the 59 substances considered, the HET-CAM test method had an overall accuracy of
69% (41/59), a sensitivity of 100% (31/31), a specificity of 36% (10/28), a false positive rate of 64%
(18/28), and a false negative rate of 0% (0/31) (Table 6-2).

As detailed below, the results from each individual study were also evaluated separately.

Gettingset al. (1994): Based upon the in vivo rabbit data, 18 substances were assigned a GHS
classification. The HET-CAM test method, by comparison, has an accuracy of 50% (9/18), sensitivity
of 100% (1/1), specificity of 47% (8/17), false positive rate of 53% (9/17), and a false negative rate of
0% (0/1) (Table 6-2).

Gettings et al. (1996): Based on the in vivo rabbit data, 24 substances could be assigned a GHS
classification. Among these 24 substances, the HET-CAM test method has an accuracy of 83%
(20/24), sensitivity of 100% (18/18), specificity of 33% (2/6), false positive rate of 67% (4/6), and a
false negative rate of 0% (0/18) (Table 6-2).

! The ICCVAM 2006 BRD provides an evaluation of the HET-CAM test method for distinguishing ocular
corrosives and severe irritants from all other classes (ICCVAM 2006a). Because the database of HET-CAM
test method results has not changed, this analysis is not repeated here.



Table6-1 Performance of the HET-CAM Test Method (IS[A]) in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit
Eye Test Method, as Defined by the GHS Classification System, by Study and Overall

Severe M oder ate Mild Not Classified as
Data Sour ce Overall Correct (Category 1) (Category 2A) (Category 2B) Irritant
Classification
Actual Under Over Actual Under Over Actual Under Over Actual
Gettings et al. 50% 100% 0% 0% 0% 0% 0% 0% 0% 53% 47%
(1994) (9/18) (/1) (0/1) (0/0) (0/0) (0/0) (0/0) (0/0) (0/0) (9/17) (8/17)
Gettings et al., 29% 25% 75% 0% 0% 0% 50% 50% 0% 67% 33%
(1996) (7/24) (4/16) (12/16) (0/0) (0/0) (0/0) (1/2) (1/2) (0/2) (4/6) (2/6)
Hagino et al. 53% 100% 0% 0% 0% 0% 100% 0% 0% 100% 0%
(1999) (8/15) (8/8) (0/8) (0/0) (0/0) (0/0) (313) (0/3) (013) (414) (0/4)
o 2 41% 50% 50% 0% 0% 0% 80% 20% 0% 64% 36%
vera
(24159) (13/26) | (13/26) (0/0) (0/0)) (0/0) (4/5) (1/5) (0/5) (18/28) | (10/28)

Abbreviations: GHS = Globally Harmonized System; HET-CAM = hen’s egg test—chorioallantoic membrane.
! GHS classification system (UN 2007).
2 Overall data set contains 59 test substances that were assigned a GHS classification and includes one additional test substance from Bagley et al. (1992) and one from Kojima et

al. (1995) that were not included as individual data sources. One additional substance from Kojima et al. (1995) was not included because it was classified in vitro as
Categoryl/Category 2A in the rabbit eye test.




Table 6-2 Accuracy of theHET-CAM Test Method (I 5 A]) in Distinguishing Substances Not Classified asIrritantsfrom All Other
Irritant Classes, as Defined by the GHS Classification System, by Study and Overall

Accuracy Sensitivity Specificity False Positive Rate False Negative Rate
Data Sour ce N
% No. % No. % No. % No. % No.
Gettings et al. (1994) 18 50 9/18 100 1/1 47 8/17 53 9/17 0 0/1
Gettings et al. (1996) 24 83 20/24 100 18/18 33 2/6 67 4/6 0 0/18
Hagino et al. (1999) 15 73 11/15 100 11/11 0 0/4 100 4/4 0 0/11
Overall® 59 69 41/59 100 31/31 36 10/28 64 18/28 0 0/31

Abbreviations: GHS = Globally Harmonized System; HET-CAM = hen’s egg test—chorioallantoic membrane; N = number of substances included in this analysis; No. = data used

to calculate the percentage.
GHS classification system (UN 2007): Not Classified as Irritant vs Category 1/2A/2B.
Overall data set contains 59 test substances that were assigned a GHS hazard classification. Data from one additional test substance from Bagley et al. (1992) and one from

Kojima et al. (1995) were not included as individual data sources. One additional substance from Kojima et al. (1995) was not included because it was classified in vitro as
Categoryl/Category 2A in the rabbit eye test.




Hagino et al. (1999): Based upon the in vivo rabbit data, 15 substances could be assigned a GHS
classification. Among these 15 substances, the HET-CAM test method has an accuracy of 73%
(11/15), sensitivity of 100% (11/11), specificity of 0% (0/4), false positive rate of 100% (4/4), and a
false negative rate of 0% (0/11) (Table 6-2).

Performance of the HET-CAM Test Method with Discor dant Classes Excluded
Because the IS(A) analysis method is the focus of the evaluation of HET-CAM for identifying all
hazard categories, separate analyses were also conducted for all chemical classes and specific
physical properties of interest represented in this database of 59 substances by at least five substances
(i.e., surfactant-based formulations, oil/water emulsions, and alcohols). The results indicate that
alcohols tend to be overpredicted by HET-CAM: 75% (4/6) of alcohols classified as Category 2B or
Not Classified as Irritant based on Draize test results, and depending on the classification system
used, were overpredicted by HET-CAM by at least one hazard category. Similarly, the HET-CAM
test method overpredicted 53% (9/17) of the oil/water emulsions identified as Not Classified as
Irritant by at least one hazard category. By comparison, surfactant formulations classified as
Category 1 based on Draize results tended to be underpredicted by HET-CAM: 75% (12/16) were
underpredicted by HET-CAM as Category 2A or 2B. However, none of these substances was
underpredicted as Not Classified as Irritant.

Given the proportion of substances in the HET-CAM IS(A) database represented by these chemical
and product classes (i.e., 85% [50/59] of the substances are included in one of these three categories),
separate analyses without these discordant substances are not particularly informative. However,
because of the associated discordance with each type, overall performance, particularly for Category
1 substances, can be improved by excluding surfactant-based formulations (see Table 6-3).

When the ability of the HET-CAM test method to distinguish Not Classified as Irritant substances
from all other irritant classes was evaluated with the specific chemical and product classes removed,
the greatest improvement in false positive rate occurred when alcohols and surfactant formulations
were excluded. The false positive rate decreased from 64% (18/28) to 56% (10/18). However,
because the false negative rate for the overall database is 0% (0/31), this rate remained constant
regardless of which chemical or product class(es) were excluded (Table 6-4).

Further analysis of substances for which hazard classification was underpredicted by HET-CAM
according to chemical class indicated that carboxylic acids had the highest proportion of
underpredicted substances (25% [1/4]). Because 98% of the entire HET-CAM IS(A) database is made
up of liquid substances, the physical form of underpredicted substances was liquids. Among the 16
Category 1 surfactants, HET-CAM underpredicted 75% (12/16) (T able 6-5).

According to the GHS classification system, the most overpredicted substances (false positives) were
alcohols, of which HET-CAM overpredicted 75% (6/8). Because 98% of the entire HET-CAM IS(A)
database is made up of liquid substances, the physical form of underpredicted substances was liquids.
Only one of the surfactants tested in HET-CAM was overpredicted (T able 6-5).



Table 6-3

Performance of the HET-CAM Test Method (IS[A]) in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit

Eye Test Method, as Defined by the GHS Classification System," with Discordant Chemical and Physical Classes Excluded

Severe M oder ate Mild Not Classified as
HET-CAM Database | OVeral Correct (Category 1) (Category 2A) (Category 2B) Irritant
Classification
Actual Under Over Actual Under Over Actual Under Over Actual
Overall 41% 50% 50% - - - 80% 20% 0% 64% 36%
ver
(24/59) (13/26) | (13/26) (0/0) (0/0) (0/0) (4/5) (1/5) (0/5) | (18/28) | (10/28)
_ 43% 46% 54% - - - 67% 33% 0% 58% 42%
Without Alcohols
(22/51) (11/24) | (13/24) (0/0) (0/0) (0/0) (2/13) (1/3) (0/3) | (14/24) | (10/24)
Without Surfactant 49% 90% 10% - - - 100% 0% 0% 64% 36%
Formulations (17/35) (9/10) (1/10) (0/0) (0/0) (0/0) (313) (0/3) (0/3) | (14/22) | (8/22)
Without Oil/Water 41% 48% 52% - - - 80% 20% 0% 82% 18%
Emulsions (15/41) (12/25) | (13/25) (0/0) (0/0) (0/0) (4/5) (1/5) (0/5) (9/11) | (2111)
Without Alcohols and 56% 87% 12% - - - 100% 0% 0% 56% 44%
Surfactant Formulations (15/27) (7/8) (1/8) (0/0) (0/0) (0/0) (1/1) (0/1) (0/1) | (10/18) | (8/18)
Without Alcohols and 39% 44% 56% - - - 67% 33% 0% 71% 29%
Oil/Water Emulsions (13/33) (10/23) | (13/23) (0/0) (0/0) (0/0) (213) (1/3) (0/3) (5/7) (217
Without Alcohols, Surfactant 67% 86% 14% - - - 100% 0% 0% 100% | 0%
Formulations, and Oil/Water
Emulsions (6/9) (6/7) (117) (0/0) (0/0) (0/0) (1/1) (0/1) (0/1) (1/1) (0/1)

Abbreviations: GHS = Globally Harmonized System; HET-CAM = hen’s egg test—chorioallantoic membrane.

! GHS classification system (UN 2007).




Table 6-4 Accuracy of theHET-CAM Test Method (I 5 A]) in Distinguishing Substances Not Classified asIrritantsfrom All Other
Irritant Classes, as Defined by the GHS Classification System,* with Discordant Chemical and Physical Classes Excluded

HET-CAM Database N Accuracy Sensitivity Specificity Falszl;?ztlve FaIseRl\;)gatlve

% No. % No. % No. % No. % No.

Overall 59 69 41/59 | 100 31/31 | 36 | 10/28 64 18/28 0 0/31

Without Alcohols 51 73 37/51 | 100 27/27 | 42 | 10/24 58 14/24 0 0/27

Without Surfactant Formulations 35 60 21/35 100 13/13 36 8/22 64 14/22 0 0/13
Without Oil/Water Emulsions 41 78 32/41 | 100 30/30 | 18 2/11 82 9/11 0 0/30

Without Alcohols and Surfactant Formulations 27 63 17/27 100 9/9 44 8/18/ 56 10/18 0 0/9
Without Alcohols and Oil/Water Emulsions 33 85 28/33 100 26/26 29 2[7 71 5/7 0 0/26
Without Alcohc_)ls, Surfactant Eormulations, and 9 89 8/9 100 8/8 0 o1 100 11 0 0/8

Oil/Water Emulsions

Abbreviations: GHS = Globally Harmonized System; HET-CAM = hen’s egg test—chorioallantoic membrane; N = number of substances included in this analysis; No. = data used
to calculate the percentage.

1 GHS classification system (UN 2007).



Table 6-5 Performance of the HET-CAM Test Method (1 S[A]) Using the GHS Classification System® in Predicting Ocular Irritant
Classes Compared to the In Vivo Rabbit Eye Test Method by Chemical Classor Physical Property

Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)
Category N Severe M oderate Mild M oderate Mild NC
(Category 1) (Category 2A) | (Category 2B) | (Category 2A)| (Category 2B) (Not Classified)

NC 2B 2A NC 2B NC 1 2A 1 2B 2A 1
Overall 59 0% 8% 42% i ) 0% ) 20% | 60% 32% 14% | 18%
(0/26) | (2/26) | (11/26) (0/5) (1/5) | (3/5) | (9/28) | (4/28) | (5/28)

Chemical Class®

Alcohol 8 0% 0% 0% i ) 0% ) 0% | 100% 0% 50% | 50%
(0/2) (0/2) (0/2) (0/2) 0/2) | (212) (0/4) (2/14) | (214)

Carboxvlic acid 5 0% 0% 25% i . 0% ) 0% | 100% ) i i

y (0/4) (0/4) (1/4) (0/1) 0/1) | (1)
. 0% 0% 17%
Organic salt 6 (0/6) (0/6) (1/6) - - - - - - - - -
Properties of Interest

Liquids 58 0% 8% 40% 0% ) 0% ) 20% | 60% 32% 14% | 18%
g (0/25) | (2/25) | (10/25) | (O/5) (0/2) (1/5) | (3/5) | (9/28) | (4/28) | (5/28)

Solids 0 - - - - - - - - - - - -

Pesticide 0 - - - - - - - - - - - -

Surfactant—Total | 24 0% 12% 62% i ) 0% ) 50% 0% 0% 0% 0%

(0/16) | (2/16) | (10/16) (0/2) (2/2) | (0/2) (0/6) (0/6) | (0/6)

-nonionic - - - - - - - - - - - - -

-anionic - - - - - - - - - - - - -

-cationic - - - - - - - - R - _ - .




Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)

Category N Severe Moderate Mild Moderate Mild NC
(Category 1) (Category 2A) | (Category 2B) | (Category 2A)| (Category 2B) (Not Classified)
NC 2B 2A NC 2B NC 1 2A 1 2B 2A 1
Overall 59 0% 8% 42% i i 0% i 20% | 60% 32% 14% | 18%
(0/26) | (2/26) | (11/26) (0/5) (1/5) | (3/5) | (9/28) | (4/28) | (5/28)
0% 0% 0% 24% 12% | 18%

Oil/Water Emulsion | 18 (0/) (0/) (0/1) - - - } ) ) 4117) | 217) | (3/17)

pH—Total 0 - - - - - - - - - - - -
-acidic (pH <7.0) - - - - - - - - - - - - .
-basic (pH >7.0) - - - - - - - - - - - - -

Abbreviations: GHS = Globally Harmonized System; HET-CAM = hen’s egg test — chorioallantoic membrane; NC = Not Classified as Irritant.
! GHS classification system (UN 2007).

2 Chemical classes included in this table are represented by at least five substances tested in the HET-CAM test method, and assignments are based upon National Library of
Medicine medical subject heading (MeSH) categories (www.nIm.nih.gov/mesh) as defined in Annex I.



http://www.nlm.nih.gov/mesh�

Table 6-6 Performance of the HET-CAM Test Method (IS[A]) in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit
Eye Test Method, as Defined by the EPA Classification System®, by Study and Overall
Data Sour ce Severe M oderate Mild Not Labeled
Overall Correct (Category I) (Category I1) (Category I11) (Category V)
Classification
Actual Under Over Actual Under Over Actual Under Over Actual
Gettings et al. 33% 100% 0% 0% 0% 0% 38% 12% 50% 56% 44%
(1994) (6/18) (1/1) (0/1) (0/0) (0/0) (0/0) (3/8) (1/8) (4/8) (5/9) (4/9)
Gettings et al. 36% 24% 76% 0% 0% 0% 25% 75% 0% 50% 50%
(1996) (9/25) @nn | @317 (0/0) (0/0) (0/0) (1/4) (3/4) (0/4) /4y (2/4)
Hagino et al, 47% 100% 0% 100% 0% 0% 100% 0% 0% 100% 0%
(1999) (7/15) 17) (0/7) (1/1) (0/1) (0/1) (5/5) (0/5) (0/5) (2/2) (0/2)
Overall? 38% 48% 52% 50% 50% 0% 56% 22% 22% 60% 40%
\Y
(23/60) (12/25) | (13/25) (1/2) (1/2) (0/2) (10/18) (4/18) | (4/18) (9/15) | (6/15)

Abbreviations: EPA = U.S. Environmental Protection Agency; HET-CAM = hen’s egg test—chorioallantoic membrane.

! EPA classification system (EPA 2003a).

2 Qverall data set includes 60 test substances that were assigned an EPA hazard classification based on rabbit eye test data. Data from one test substance from Bagley et al. (1992)
and one from Kojima et al. (1995) were not included as individual data sources. One substance from Kojima et al. (1995) was classified as a GHS Category 1/2A and could not
be used in the analysis.




6.1.2 EPA Classification System: HET-CAM Test Method Accuracy

Five studies (Bagley et al. 1992; Gettings et al. 1994; Kojima et al. 1995; Gettings et al. 1996; Hagino
et al. 1999) contained HET-CAM test method data on 63 substances, 60 of which had sufficient in
vivo data to be assigned an ocular irritancy classification according to the EPA classification system
(EPA 2003a) (see Annex I11). Based on results from in vivo rabbit eye experiments, 42% (25/60)
were classified as severe irritants (i.e., Category ), 3% (2/60) were classified as moderate irritants
(Category 1), 30% (18/60) were classified as mild irritants (Category I1l), and 25% (15/60) were
classified as not labeled as irritant (Category V). Three substances could not be classified according
to the EPA classification system due to the lack of adequate animal data and are so noted in

Annex I11.

I dentification of Category | Substances (Ocular Corrosives/Severe Irritants)

The HET-CAM test method correctly identified 48% (12/25) of the Category | substances

(Table 6-6). Among the remaining 52% (13/25) Category | substances that were underpredicted by
HET-CAM, 40% (10/25) were classified as Category Il, and 12% (3/25) were classified as
Category III.

I dentification of Category |1 Substances (M oderate Ocular Irritants)

For the two substances that could be evaluated, the HET-CAM test method correctly identified 50%
(1/2) as Category 1l while 50% (1/2) were overpredicted and 0% (0/2) were underpredicted

(Table 6-6).

I dentification of Category Il (Mild Ocular Irritants)

For the 18 substances that could be evaluated, the HET-CAM test method correctly identified 22%
(4/18) as Category 11 while 56% (10/18) were overpredicted and 22% (4/18) were underpredicted
(Table 6-6).

| dentification of Category IV Substances
For the 15 substances that could be evaluated, the HET-CAM test method correctly identified 40%
(6/15) as substances not labeled as irritants while 60% (9/15) were overpredicted (Table 6-6).

Ability to Distinguish Category |V Substances from All Other Classes

In addition to evaluating the ability of the HET-CAM test method to identify each individual ocular
hazard category according to the EPA classification system, ICCVAM also evaluated the ability of
the HET-CAM test method to distinguish ocular substances not labeled as irritants from all irritant
classes.” Among the 60 substances considered, the HET-CAM test method had an overall accuracy of
78% (47/60), a sensitivity of 91% (41/45), a specificity of 40% (6/15), a false positive rate of 60%
(9/15), and a false negative rate of 9% (4/45) (Table 6-7).

As detailed below, the results from each individual study were also evaluated separately.

Gettings et al. (1994): Based upon the in vivo rabbit data, 18 substances were assigned an EPA
classification. The HET-CAM test method, by comparison, has an accuracy of 50% (9/18), sensitivity
of 56% (5/9), specificity of 44% (4/9), false positive rate of 56% (5/9), and a false negative rate of
44% (4/9) (Table 6-7).

2 The ICCVAM 2006 BRD (2006a) provides an evaluation of the HET-CAM test method for distinguishing
ocular corrosives and severe irritants from all other classes (ICCVAM 2006a). Because the database of HET-
CAM test method results has not changed, this analysis is not repeated here.



Table 6-7 Accuracy of theHET-CAM Test Method (15 A]) in Distinguishing Category |V
Substances from All Other Irritant Classes as Defined by the EPA Classification
System,* by Study and Overall

False False
Accuracy Sensitivity Specificity Positive Negative
Data Source N Rate Rate
% No. % No. % No. % No. % No.
Gettings et al.
(1994) 18 50 9/18 56 5/9 44 4/9 56 5/9 44 4/9
Gettings etal. 25 | 92 | 23/25 | 100 | 2121 | 50 | 24 | 50 | 24 | o | o1
(1996)
Hagino et al. (1999) | 15 87 | 13/15 | 100 | 13/13 0 0/2 100 2/2 0 0/13
Overall? 60 78 47/60 91 41/45 40 6/15 60 9/15 9 4/45

Abbreviations: EPA = U.S. Environmental Protection Agency; HET-CAM = hen’s egg test—chorioallantoic membrane;
N = number of substances included in this analysis; No. = data used to calculate the percentage.

! EPA classification system (EPA 2003a): Category IV vs. Categories I/II/111.

2 Overall database includes 60 test substances that were assigned an EPA hazard classification based on rabbit eye test data.
Data on one test substance from Bagley et al. (1992) and another substance from Kojima et al. (1995) were not included
as individual data sources. One substance from Kojima et al. (1995) was classified as a GHS Category 1/2A and,
therefore, was not used in the analysis either.

Gettings et al. (1996): Based upon the in vivo rabbit data, 25 substances were assigned an EPA
classification. The HET-CAM test method, by comparison, has an accuracy of 92% (23/25),
sensitivity of 100% (21/21), specificity of 50% (2/4), false positive rate of 50% (2/4), and a false
negative rate of 0% (0/21).

Hagino et al. (1999): Based upon the in vivo rabbit data, 15 substances were assigned an EPA
classification. The HET-CAM test method, by comparison, has an accuracy of 87% (13/15),
sensitivity of 100% (13/13), specificity of 0% (0/2), false positive rate of 100% (2/2), and a false
negative rate of 0% (0/13).

Performance of the HET-CAM Test Method with Discordant Classes Excluded

Because the IS(A) analysis method is the focus of the evaluation of HET-CAM for identifying all
hazard categories, separate analyses were also conducted for all chemical classes and specific
physical properties of interest represented in this database of 60 substances by at least five substances
(i.e., surfactant-based formulations, oil/water emulsions, and alcohols).

Given the proportion of substances in the HET-CAM IS(A) database represented by these chemical
and product classes (i.e., 85% [51/60] of the substances are included in one of these three categories),
separate analyses without these discordant substances are not particularly informative. However,
because of the associated discordance with each type, overall performance, particularly for the ocular
corrosive and severe irritant category, can be improved by excluding certain product types (see
Table 6-8). The results indicate that HET-CAM tends to overpredict alcohols. All seven alcohols
(100%) classified as Category I11 or 1V based on Draize test results were overpredicted by HET-CAM
by at least one hazard category. Similarly, 47% (8/17) of the oil/water emulsions classified as
Category Il or IV based on Draize test results were overpredicted by HET-CAM by at least one
hazard category. By comparison, surfactant formulations classified as Category | based on Draize
results tended to be underpredicted by HET-CAM (73% [13/17] were underpredicted by HET-CAM
as Category Il or 111). However, none of these substances was underpredicted as Category IV.




When the ability of the HET-CAM test method to distinguish Category 1V substances from all other
irritant classes was evaluated with the specific chemical and product classes removed, the greatest
improvement in false positive rate occurred when alcohols and surfactant-based formulations were
excluded. The false positive rate decreased from 60% (9/15) to 56% (5/9). The false negative rate for
the overall database, 9% (4/45), could be reduced to 0% (0/30) by excluding oil/water emulsions from
the database (Table 6-9).

Among the four false negatives for the EPA system, 100% (4/4) were EPA Category |11 substances
based on Draize data. For 100% (4/4) of these substances, the categorization was based on
conjunctival redness (Table 6-10). All of the false negative substances were oil/water emulsions.



Table 6-8

Performance of the HET-CAM Test Method (IS[A]) in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit

Eye Test Method, as Defined by the EPA Classification System, with Discordant Chemical and Physical Classes Excluded

Overall Severe Moderate Mild Not Labeled
HET-CAM Database Correct (Category 1) (Category 1) (Category 111) (Category 1V)
Classification | Actual Under Over Actual Under Over Actual | Under Over Actual
overall 41% 50% 50% 0% 0% 0% 80% 20% 0% 64% 36%
Vi
(24/59) (13/26) (13/26) (0/0) (0/0) (0/0) (4/5) (1/5) (0/5) (18/28) | (10/28)
) 42% 46% 54% 50% 50% 0% 38% 31% 31% 54% 46%
Without Alcohols
(22/52) (11/24) (13/24) (1/2) (1/2) (0/2) (5/13) (4/13) (4/113) (7/13) (6/13)
Without Surfactant 40% 100% 0% 50% 50% 0% 64% 7% 29% 64% 36%
Formulations (14/35) (8/8) (0/8) (1/2) (1/2) (0/2) (9/14) (1/14) (4/14) (7/11) (4/11)
Without Oil/Water 37% 48% 52% 0% 0% 0% 80% 10% 0% 82% 18%
Emulsions (15/41) (12/25) (13/25) (0/0) (0/0) (0/0) (4/5) (1/5) (0/5) (9/11) (2/11)
Without Alcohols and 48% 100% 0% 50% 50% 0% 44% 11% 44% 56% 44%
Surfactant Formulations (13/27) (717) (0/7) (1/2) (1/2) (0/2) (419) (1/9) (419) (5/9) (419)
Without Alcohols and 47% 43% 57% 50% 50% 0% 40% 60% 0% 50% 50%
Oil/Water Emulsions (16/34) (10/23) | (13/23) (1/2) (1/2) (0/2) (2/5) (3/5) (0/5) (214) (214)
Without Alcohols, 78% 100% 0% 50% 50% 0% 100% 0% 0%
Surfactant Formulations, - R
and Oil/Water Emulsions (719) (6/6) (0/6) (1/2) (1/2) (0/2) (1/1) (0/1) (0/1)

Abbreviations: EPA = U.S. Environmental Protection Agency; HET-CAM = hen’s egg test — chorioallantoic membrane

! EPA classification system (EPA 2003a).




Table 6-9 Accuracy of theHET-CAM Test Method (I 5 A]) in Distinguishing EPA Category IV from All Other Irritant Classes as
Defined by the EPA Classification System,* with Discordant Chemical and Physical Classes Excluded

Accuracy Sensitivity Specificity False Positive Rate False Negative
HET-CAM Database N Rate
% No.? % No. % No. % No. % No.
Overall 60 78 47160 91 41/45 40 6/15 60 9/15 9 4/45
Without Alcohols 52 87 45/52 100 39/39 46 6/13 54 7/13 10 4/39
Without Surfactant 35 80 28/35 100 24124 29 4114 82 911 17 4124
Formulations
Without Oil/Water a1 78 | 321 | 100 30/30 18 211 82 9/11 0 0/30
Emulsions
Without Alcohols and
Surfactant 27 81 22127 100 18/18 44 4/9 56 5/9 44 4/18
Formulations
Without Alcoholsand | 5, o4 | 32134 | 100 30/30 50 24 50 24 0 0/30
Oil/Water Emulsions
Without Alcohols,
Surfactant
Formulations, and 9 100 9/9 100 9/9 - 0/0 0 0/9 - 0/0
Oil/Water Emulsions

Abbreviations: EPA = U.S. Environmental Protection Agency; HET-CAM = hen’s egg test — chorioallantoic membrane; N = number of substances included in this analysis/the
total number of substances in the study; No. = data used to calculate the percentage.

! EPA classification system (EPA 2003a): Category IV vs. Categories I/II/111.



Table 6-10 HET-CAM False Negative Substances' Using the EPA Classification System?

In Vivo Scores
Substance N Corneal Opacity: Score Conjunctival Redness; Score
(Day Cleared)® (Day Cleared)®
N=12(2)
HZA 6 - N=1 2(3)
HZC 6 - N=12(2)
HZV 6 - N=2 2(2)
N=42(2)
HZW 6 - N=1 2(3)

Abbreviations: EPA = U.S. Environmental Protection Agency; HET-CAM = hen’s egg test-chorioallantoic
membrane; N = number of animals

False negative compounds are those that test as nonirritants in vitro but are mild, moderate, or severe ocular
irritants/corrosive in vivo, i.e., EPA Category I, I1, or IIl.
2 EPA classification system (EPA 2003a).

® For the purposes of this evaluation, clearing is defined in the EPA hazard classification system as opacity or
iritis scores = 0 or redness or chemosis scores = 1.

1

Further analysis of substances for which hazard classification was underpredicted by HET-CAM
according to chemical class indicated that carboxylic acids had the highest proportion of
underpredicted substances (25% [1/4]). Because the entire HET-CAM IS(A) database is made up of
liquid substances, the physical form of underpredicted substances was liquids. Among the

17 Category | surfactants, 73% (13/17) were underpredicted (Table 6-11).

According to the EPA classification system, the most overpredicted substances (false positives) were
alcohols, of which 100% (7/7) were overpredicted. Because 98% (59/60) of the entire HET-CAM
IS(A) database is made up of liquid substances, the physical form of overpredicted substances was
liquids. Three of the surfactants tested in HET-CAM were overpredicted (Table 6-11).

6.1.3 EU Classification System: HET-CAM Test Method Accuracy

Five studies (Bagley et al. 1992; Gettings et al. 1994; Kojima et al. 1995; Gettings et al. 1996; Hagino
et al. 1999) contained HET-CAM test method data on 63 substances, 58 of which had sufficient in
vivo data to be assigned an ocular irritancy classification according to the EU classification system
(EU 2001) (see Annex I11). Based on results from in vivo rabbit eye tests, 41% (24/58) were
classified as R41 (severe irritants), 3% (2/58) were classified as R36 (moderate irritants), and 55%
(32/58) were classified as Not Labeled. Five substances could not be classified according to the EU
classification system due to the lack of adequate animal data and are so noted in Annex I11.

I dentification of Category R41 Substances (Ocular Corrosives/Severe lrritants)

The HET-CAM test method correctly identified 50% (12/24) of the R41 substances (T able 6-12).
Among the remaining 50% (12/24) of R41 substances that were underpredicted by HET-CAM, 42%
(10/24) were classified as R36, and 8% (2/24) were classified as Not Labeled.

I dentification of Category R36 Substances (M oderate Ocular Irritants)
For the two substances that could be evaluated, the HET-CAM test method correctly identified 50%
(1/2) as R36, while 50% (1/2) were underpredicted and 0% (0/2) were overpredicted (T able 6-12).



Table6-11 Under - and Over prediction of the HET-CAM Test Method Using the EPA Classification System® in Predicting Ocular
Irritant Classes Compared to the In Vivo Rabbit Eye Test M ethod by Chemical Classor Physical Property
Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)
Cat N Severe M oderate Mild Moderate Mild Not Labeled
ategory (Category 1) (Category I1) | (Category I11) | (CategoryIl) | (Category 1) (Category 1V)
v i I v i v I I I i I I
overall 60 0% 12% 40% 0% 0% 40% 50% 50% 50% 40% 0% 20%
vera
(0/25) | (3/25) | (10/25) | (0/2) | (0/2) (4/10) (1/2) (5/10) | (5/10) | (6/15) | (0/15) | (3/15)
Chemical Class®
Alcohol g 0% 0% 0% 0% 40% 60% 50% 0% 50%
(/1) | (o) | (/) (0/5) 25) | @3/) | @) | ©0r) | 1R
L. 0% 0% 25% 0% 0% 100%
Carboxylic acid 6 - - - - - -
(0/4) | (0/4) (1/4) (0/2) (0/2) (212)
i 0% 0% 17%
Organic salt 6 - - - - - - - - -
(o/6) | (0/6) (1/6)
Properties of Interest
Liquid 5 0% 12% 40% 22% 28% 28% 40% 0% 20%
iquids - - -
a (0/25) | (3/25) | (10/25) (4/18) (5/18) | (5/18) | (6/15) | (0/15) | (3/15)
Solids 0 - - - - - - - - - - - -
Pesticide 0 - - - - - - - - - - - -
0% 18% 59% 0% 25% 0% 50% 0% 0%
Surfactant—Total | 25 - - -
0/17) | (3/17) | (10/17) (0/4) (1/4) (0/14) | (2/14) | (0/4) | (0/4)
-nonionic - - - - - - - - - - - - -
-anionic - - - - - - - - - - - - -
-cationic - - - - - - - - - - - - -

Continued




Table6-11 Under - and Over prediction of the HET-CAM Test Method Using the EPA Classification System® in Predicting Ocular
Irritant Classes Compared to the In Vivo Rabbit Eye Test Method by Chemical Classor Physical Property (continued)

Under prediction (In Vivo/In Vitro) Overprediction (In Vivo/ln Vitro)
Category N Severe M oderate Mild Moderate Mild Not Labeled
(Category 1) (Category I1) | (Category I11) | (CategoryIl) | (Category 1) (Category 1V)
v [l 1 v [l v I [ I [l [ I
overall 60 0% 12% 40% 0% 0% 40% 50% 50% 50% 40% 0% 20%
(0/25) | (3/25) | (10/25) | (0/2) | (0/2) (4/10) (1/2) (5/10) | (5/10) | (6/15) | (0/15) | (3/15)
Properties of Interest (continued)
0 0 0 0 13% 0 0% 22%
Oil/Water Emulsion | 18 (8 //f) (8 //f) (8 //f) : : 5006 (4/8) - (225/43 we) ?e?/g; ©9) | ()
pH—Total 0 - - - - - - - - - - - -
-acidic (pH <7.0) - - - - - - - - - - - - -
-basic (pH >7.0) - - - - - - - - - - - - -

Abbreviations: EPA = Environmental Protection Agency; HET-CAM = hen’s egg test — chorioallantoic membrane; N = number of animals.
! EPA classification system (EPA 2003a).

2 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 National Library of
Medicine’s medical substance headings (MeSH) classifications (www.nlm.nih.gov/mesh) as defined in Annex I.


www.nlm.nih.gov/mesh

Table 6-12 Performance of the HET-CAM Test Method (IS[A]) in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit
Eye Test Method, as Defined by the EU Classification System,’ by Study and Overall
Severe M oderate .
Data Source Overal.l _Cor.rect (R41) (R36) Mild Not Labeled
Classification Actual Under Over Actual Under Over Actual Under Over Actual
Gettings et al. 50% 100% 0% 0% 0% 0% NA NA NA 53% 47%
(1994) (9/18) (1/1) (0/1) (0/0) (0/0) (0/0) (9/17) (8/17)
Gettings et al. 29% 25% 75% 0% 100% 0% NA NA NA 71% 29%
(1996) (7/24) (4/16) (10/16) (0/1) (1/1) (0/1) (5/7) /1)
Hagino et al. 47% 100% 0% 100% 0% 0% NA NA NA 100% 0%
(1999) (7/15) 717 (0/7) (1/1) (0/1) (0/1) 17 (0/7)
2 40% 50% 50% 50% 50% 0% 69% 31%
Overall (23/58) (1224) | 24y | @r) | @n) (02) NA NA VA e | o)

Abbreviations: EU = European Union; HET-CAM = hen’s egg test—chorioallantoic membrane; NA = not applicable.

! EU classification system (EU 2001).
2 Overall data set includes one additional test substance from Bagley et al. (1992).




| dentification of Not L abeled Substances
For the 32 substances that could be evaluated, the HET-CAM test method correctly identified 31%
(10/32) as substances not labeled as irritants, while 69% (22/32) were overpredicted (Table 6-12).

Ability to Distinguish Not L abeled Substances from All Other Classes

In addition to evaluating the ability of the HET-CAM test method to identify each individual ocular
hazard category according to the EU classification system, ICCVAM also evaluated the ability of the
HET-CAM test method to distinguish ocular substances not labeled as irritants from all other irritant
classes.* Among the 58 substances considered, the HET-CAM test method has an overall accuracy of
62% (36/58), a sensitivity of 100% (26/26), a specificity of 31% (10/32), a false positive rate of 69%
(22/32), and a false negative rate of 0% (0/26) (T able 6-13).

As detailed below, the results from each individual study were also evaluated separately.

Gettings et al. (1994): Based upon the in vivo rabbit data, 18 substances were assigned an EU
classification. The HET-CAM test method, by comparison, has an accuracy of 50% (9/18), sensitivity
of 100% (1/1), specificity of 47% (8/17), false positive rate of 53% (9/17), and a false negative rate of
0% (0/1) (Table 6-13).

Gettings et al. (1996): Based upon the in vivo rabbit data, 24 substances were assigned a EU
classification. The HET-CAM test method, by comparison, has an accuracy of 79% (19/24),
sensitivity of 100% (17/17), specificity of 29% (2/7), false positive rate of 61% (5/7), and a false
negative rate of 0% (0/17) (Table 6-13).

Hagino et al. (1999): Based upon the in vivo rabbit data, 15 substances were assigned a EU
classification. The HET-CAM test method, by comparison, has an accuracy of 53% (8/15), sensitivity
of 100% (8/8), specificity of 0% (0/7), false positive rate of 100% (7/7), and a false negative rate of
0% (0/26) (Table 6-13).

Performance of the HET-CAM Test Method with Discor dant Classes Excluded

Because the IS(A) analysis method is the focus of the evaluation of HET-CAM for identifying all
hazard categories, separate analyses were also conducted for all chemical classes and specific
physical properties of interest represented in this database of 58 substances by at least five substances
(i.e., surfactant-based formulations, oil/water emulsions, and alcohols).

Given the proportion of substances in the HET-CAM IS(A) database represented by these chemical
and product classes (i.e., 88% [51/58] of the substances are included in one of these three categories),
separate analyses without these discordant substances are not particularly informative. However,
because of the associated discordance with each type, overall performance, particularly for the ocular
corrosive and severe irritant category, can be improved by excluded certain product types (see Table
6-14). The results indicate that HET-CAM tends to overpredict alcohols (i.e., 83% [5/6] of alcohols
classified as Not Labeled based on Draize test results were overpredicted by HET-CAM by at least
one hazard category). Similarly, 53% (9/17) of the oil/water emulsions were overpredicted by HET-
CAM by at least one hazard category. By comparison, surfactant formulations classified as R41 based
on Draize results tended to be underpredicted by HET-CAM (75% [12/16] were underpredicted by
HET-CAM as R36). However, none of these substances was underpredicted as Not Labeled.

When the ability of the HET-CAM test method to distinguish Not Labeled substances from all other
irritant classes was evaluated with the specific chemical and product classes removed, the greatest

® The ICCVAM 2006 BRD provides an evaluation of the HET-CAM test method for distinguishing ocular
corrosives and severe irritants from all other classes (ICCVAM 2006a). Because the database of HET-CAM
test method results has not changed, this analysis is not repeated here.



improvement in false positive rate occurred when alcohols and surfactant formulations were
excluded. The false positive rate decreased from 69% (22/32) to 58% (11/19). However, because the
false negative rate for the overall database is 0% (0/31), this rate remained constant regardless of
which chemical or product class(es) were excluded (Table 6-15).

Further analysis of substances for which hazard classification was underpredicted by HET-CAM
according to chemical class indicated that carboxylic acids had the highest proportion of
underpredicted substances (25% [1/4]). Because the entire HET-CAM IS(A) database is made up of
liquid substances, the physical form of underpredicted substances was liquids. Among the 16 R41
surfactant formulations, 75% (12/16) were underpredicted (T able 6-16).

According to the EU classification system, the most overpredicted substances (false positives) were
alcohols, of which 83% (5/6) were overpredicted. Because the entire HET-CAM IS(A) database is
made up of liquid substances, the physical form of underpredicted substances was liquids. One of the
Not Labeled surfactant formulations tested in HET-CAM was overpredicted (Table 6-16).

6.1.4 FHSA Classification System: HET-CAM Test Method Accuracy

The three studies (Gettings et al. 1994; Gettings et al. 1996; Hagino et al. 1999) contained HET-CAM
test method data on 64 substances, 63 and 55 of which had sufficient in vivo data to be assigned an
ocular irritancy classification according to the FHSA-20% and FHSA-67% criteria, respectively.
Based on results from in vivo rabbit eye experiments using the FHSA-20% criteria, 68% (43/63) were
classified as Irritants and 10% (6/63) were classified as Not Labeled. The remaining 24% (15/64)
could not be classified using the FHSA-20% criteria and are so noted in Annex I11. Using the FHSA-
67% criteria, 69% (38/55) were classified as Irritants and 11% (6/55) were classified as Not Labeled.
The remaining 17% (11/64) could not be classified using the FHSA-20% criteria and are so noted in
Annex I11.

Ability to Distinguish Not Labeled Substances From Irritants

ICCVAM evaluated the ability of the HET-CAM test method to distinguish substances not labeled as
irritants from irritants. Using this approach for the 63 substances classified according to the FHSA-
20% criteria, the HET-CAM test method has an overall accuracy of 78% (49/63), a sensitivity of 91%
(43/47), a specificity of 38% (6/16), a false positive rate of 63% (10/16), and a false negative rate of
9% (4/47) (Table 6-17).

Using this approach for the 55 substances classified according to the FHSA-67% criteria, the HET-
CAM test method has an overall accuracy of 80% (44/55), a sensitivity of 97% (38/39), a specificity
of 38% (6/16), a false positive rate of 63% (10/16), and a false negative rate of 3% (1/39)

(Table 6-18).

As detailed below, the results from each individual study were evaluated separately.

Gettings et al. (1994): Based upon in vivo rabbit data using the FHSA-20% criteria (T able 6-17),
18 substances could be assigned a classification. Among these 18 substances, the HET-CAM test
method has an accuracy of 44% (8/18), sensitivity of 50% (4/8), specificity of 40% (4/10), a false
positive rate of 60% (6/10), and a false negative rate of 50% (4/8).

Based upon in vivo rabbit data using the FHSA-67% analysis method (Table 6-18), 15 substances
could be assigned a classification. Among these 15 substances, the HET-CAM test method has an
accuracy of 53% (8/15), sensitivity of 80% (4/5), specificity of 40% (4/10), a false positive rate of
60% (6/10), and a false negative rate of 20% (1/5).

Gettings et al. (1996): Based upon in vivo rabbit data using the FHSA-20% criteria (Table 6-17),
25 substances could be assigned a classification. Among these 25 substances, the HET-CAM test



method has an accuracy of 92% (23/25), sensitivity of 100% (21/21), specificity of 50% (2/4), a false
positive rate of 50% (2/4), and a false negative rate of 0% (0/21).

Based upon in vivo rabbit data using the FHSA-67% criteria (T able 6-18), 23 substances could be
assigned a classification. Among these 23 substances, the HET-CAM test method has an accuracy of
91% (21/23), sensitivity of 100% (19/19), specificity of 50% (2/4), a false positive rate of 50% (2/4),
and a false negative rate of 0% (0/19).

Hagino et al. (1999): Based upon ir vivo rabbit data using the FHSA-20% criteria (Table 6-17),

17 substances could be assigned a classification. Among these 17 substances, the HET-CAM test
method has an accuracy of 88% (15/17), sensitivity of 100% (15/15), specificity of 0% (0/2), a false
positive rate of 100% (2/2), and a false negative rate of 0% (0/15).

Based upon in vivo rabbit data using the FHSA-67% criteria (Table 6-18), 15 substances could be
assigned a classification. Among these 15 substances, the HET-CAM test method has an accuracy of
87% (13/15), sensitivity of 100% (13/13), specificity of 0% (0/2), a false positive rate of 100% (2/2),
and a false negative rate of 0% (0/13).

Performance of the HET-CAM Test Method with Discordant Classes Excluded

The previous ICCVAM BRD identified limitations of the HET-CAM test method based upon the
false positive rate for alcohols and the false negative rates for surfactant-based formulations, many of
which were oil/water emulsions when the HET-CAM is used to identify ocular corrosives and severe
irritants (ICCVAM 2006a). For this reason, the performance of the HET-CAM test method in
identifying FHSA irritants using the FHSA-20% criteria was evaluated with these substances
excluded from the database. The overall accuracy and sensitivity improve with exclusion of all
substances belonging to these discordant classes (T able 6-19). However, the number of available
substances was reduced to ten with none classified as Not Labeled that precluded determination of
specificity and the false positive rate when all of the discordant substances were removed.

Exclusion of oil/water emulsions improved performance with an increase in accuracy from 78%
(49/63) to 91% (41/45) and decreased the false negative rate from 9% (4/47) to 0% (0/39) with only a
4% increase in the false positive rate (Table 6-19). Removal of alcohols did not affect performance
significantly, but the false positive rate was reduced 21% when alcohols and oil/water emulsions were
excluded while the false negative rate remained the same and accuracy increased 17%. Removal of
surfactant formulations reduced accuracy to 68% (26/38) and marginally decreased sensitivity and
specificity at the expense of an increase in the false negative rate from 9% (4/47) to 15% (4/26). The
false negative rate increased further to 22% (4/18) if alcohols and surfactant formulations were
excluded.

The four false negative substances identified using the FHSA-20% criteria overall (i.e., HZA, HZC,
HZV, and HZW) are the same four substances identified as false negative substances using the EPA
classification system (EPA 2003a) shown in Table 6-10.

The performance of the HET-CAM test method in identifying FHSA irritants using the FHSA-67%
criteria also was evaluated with these substances excluded from the database. The overall accuracy
and sensitivity improve with exclusion of all substances belonging to these discordant classes
(Table 6-20). However, the number of available substances was reduced to nine with none classified
as Not Labeled that precluded determination of specificity and the false positive rate when all of the
discordant substances were removed.

Using the FHSA-67% criteria, the exclusion of oil/water emulsions improved performance with an
increase in accuracy from 80% (44/55) to 90% (36/40) and decreased the false negative rate from 3%
(1/39) to 0% (0/34) with only a 4% increase in the false positive rate (Table 6-20). Removal of
alcohols did not affect performance significantly, but the false positive rate was reduced 21% when



alcohols and oil/water emulsions were excluded while the false negative rate remained the same and
accuracy increased 15%. Removal of surfactant formulations reduced accuracy to 72% (23/32) and
marginally decreased sensitivity and increased the false negative rate. The false negative rate
increased further to 7% (1/14) if alcohols and surfactant formulations were excluded.

The false negative substance using the FHSA-67% criteria overall was HZW, one of the four false
negative substances identified using the EPA classification system shown in Table 6-10.



Table6-13  Accuracy of the HET-CAM Test Method (I§A]) in Distinguishing Not L abeled Substances
from All Other Irritant Classes, as Defined by the EU Classification System,* by Study and

Overall
. e False Positive False Negative
Accuracy Sensitivity Specificity
Data Source N Rate Rate
% No. % No. % No. % No. % No.
Gettings et al.
(1994) 18 50 9/18 100 1/1 47 8/17 53 9/17 0 0/1
Gettingsetal. | o) | 79 | 104 | 100 | 1717 | 20 | 27 | 61 5/7 0 017
(1996)
Hagino et al.
(1999) 15 53 8/15 100 8/8 0 07 100 717 0 0/8
Overall? 58 62 36/58 | 100 | 26/26 31 10/32 69 22/32 0 0/26

Abbreviations: EU = European Union; HET-CAM = hen’s egg test — chorioallantoic membrane; N = number of substances included in this analysis;
No. = data used to calculate the percentage.

! EU classification system (EU 2001): Not Labeled vs. R41/R36.
2 Qverall data set includes one additional test substance from Bagley et al. (1992).



Table6-14 Performance of the HET-CAM Test Method (I S[A]) in Predicting Ocular Irritant Classes Compared totheln
Vivo Rabbit Eye Test Method, as Defined by the EU Classification System, with Discordant Chemical and
Physical Classes Excluded

Severe Moder ate .
Database Classification
Actual Under Over Actual Under Over Actual | Under Over Actual
40% 50% 50% 50% 50% 0% 69% 31%
Overall NA NA NA
(23/58) (12/24) | (12/24) (1/2) (1/2) (0/2) (22/32) | (10/32)
. 42% 45% 55% 50% 50% 0% 62% 38%
Without Alcohols NA NA NA
(21/50) (10/22) | (12/22) (1/2) (1/2) (0/2) (16/26) | (10/26)
Without Surfactant 47% 100% 0% 100% 0% 0% NA NA NA 68% 32%
Formulations (16/34) (8/8) (0/8) (1/1) (0/1) (0/1) (17/25) | (8/25)
_ . . 35% 48% 52 50% 50% 0% 87% 13%
Without Oil/Water Emulsions NA NA NA
(14/40) (11/23) | (12/23) (0/2) (1/2) (0/2) (13/15) | (2/15)
Without Alcohols and 54% 100% 0% 100% 0% 0% NA NA NA 58% 42%
Surfactant Formulations (14/26) (6/6) (0/6) (0/1) (0/1) (0/1) (11/19) | (8/19)
Without Alcohols and 37% 43% 57% 50% 50% 0% 78% 22%
k . NA NA NA
Oil/Water Emulsions (12/32) (9/21) (12/21) (1/2) (1/2) (0/2) (719) (2/19)
Without Alcohols, Surfactant 62% 100% 0% | 100% 0% 0% 100% | 0%
Formulations, and Qil/Water NA NA NA
Emulsions (5/8) (5/5) (0/5) (1/1) (0/1) (0/1) (2/2) (0/2)

Abbreviations: EU = European Union; HET-CAM = hen’s egg test—chorioallanotic membrane; NA = not applicable.
! EU classification system (EU 2001).




Table6-15 Accuracy of theHET-CAM Test Method (I 5 A]) in Distinguishing Not L abeled Substances from All Other Irritant Classes,
as Defined by the EU Classification System," with Discordant Chemical and Physical Classes Excluded

_ o False Positive False Negative
HET-CAM Database N Accuracy Sensitivity Specificity Rate Rate
% No. % No. % No. % No. % No.
Overall 58 62 36/58 100 26/26 31 10/32 69 22/32 0 0/26
Without Alcohols 50 42 21/50 100 24/24 38 10/26 62 16/26 0 0/24
Without Surfactant Formulations 34 50 17/34 100 9/9 32 8/25 68 17/25 0 0/9
Without Oil/Water Emulsions 40 67 26/39 100 25/25 13 2/15 87 13/15 0 0/25
Without Alcohols and Surfactant 26 58 | 15/26 | 100 | 77 | 42 | 819 58 | 11/19 0 017
Formulations
Without Alcohols and Oil/Water 32 78 | 25532 | 100 | 2313 | 22 2/9 78 7/9 0 0/23
Emulsions
Without Alcohols, Surfactant
Formulations, and Oil/Water 8 75 6/8 100 6/6 0 0/2 100 212 0 0/6
Emulsions

Abbreviations: EU = European Union; HET-CAM = hen’s egg test — chorioallantoic membrane; N = number of substances included in this analysis; No. = data used to calculate
the percentage.

! EU classification system (EU 2001): Not Labeled vs. R41/R36.



Table 6-16 Performance of the HET-CAM Test Method Using the EU Classification System® in Predicting Ocular Irritant Classes
Compared to theIn Vivo Rabbit Eye Test Method by Chemical Classor Physical Property
Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)
Cateqor N Severe M oderate M oderate Not Labeled
egory (R36) (R36) (NL)
NL R36 NL R41 R36 R41
8% 42% 50% 0% 68% 32%
Overall 58
(2/24) (10/24) (1/2) (0/2) (15/22) (7/22)
Chemical Class’
0% 0% 50% 0% 33% 50%
Alcohol 8
(0/2) (0/2) (1/2) (0/2) (2/6) (3/6)
. . 0% 25% 0% 100%
Carboxylic Acid 5 - -
(0/4) (1/4) (0/2) (/1)
. 0% 20% 100% 0%
Organic salt 2 - -
(0/5) (1/5) (1/1) (0/1)
Properties of I nterest
L 8% 42% 50% 50% 16% 25%
Liquids 58
(2/24) (10/24) (1/2) (1/2) (5/32) (8/32)
Solids - - - - - -
Pesticide - - - - - -
0% 62% 100% 0% 14% 0%
Surfactant-Total 24
(0/16) (12/16) (1) (0/1) @ (0/7)
-nonionic - - - - - - -
anionic - - - - - - -
cationic - - - - - - -

continued




Table 6-16 Performance of the HET-CAM Test Method Using the EU Classification System® in Predicting Ocular Irritant Classes
Compared to theln Vivo Rabbit Eye Test Method by Chemical Classor Physical Property (continued)

Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)
Cateqor N Severe M oderate M oderate Not Labeled
egory (R41) (R36) (R36) (NL)
NL R36 NL R41 R36 R41
8% 42% 50% 0% 68% 32%
Overall 58
(2/24) (10/24) (1/2) (0/2) (15/22) (7/22)
Properties of Interest (continued)
. i 0% 0% 35% 18%
Oil/Water Emulsion 18 - -

(0/1) (0/1) (6/17) (3/17)

pH-Total 0 - - - - - -

-acidic (pH <7.0) - - - - - - -

-basic (pH >7.0) - - - - - - -

Abbreviations: EU = European Union; HET-CAM = hen’s egg test—chorioallantoic membrane; N = number of animals; NL = Not Labeled (as irritant).
! EU classification system (EU 2001).

2 Chemical classes included in this table are represented by at least five substances tested in the HET-CAM test method, and assignments are based upon National Library of
Medicine medical subject heading (MeSH) categories (Www.nlm.nih.gov/mesh) as defined in Annex I.


www.nlm.nih.gov/mesh

Table 6-17

Accuracy of theHET-CAM Test Method (15 A]) in Distinguishing Substances Not Labeled asIrritantsfrom
as Defined by the FHSA-20% Classification System,* by Study and Overall

[rritants,

Accuracy Sensitivity Specificity False Positive Rate | False Negative Rate
Data Sour ce N
% No. % No. % No. % No. % No.
Gettings et al. (1994) 18 44 8/18 50 4/8 40 4/10 60 6/10 50 4/8
Gettings et al. (1996) 25 92 23/25 100 21/21 50 2/4 50 2/4 0 0/21
Hagino et al. (1999) 17 88 15/17 100 15/15 0 0/2 100 2/2 0 0/15
Overall? 63 78 49/63 91 43/47 38 6/16 63 10/16 9 4/47

Abbreviations: FHSA = U.S. Federal Hazardous Substances Act; HET-CAM = hen’s egg test—chorioallantoic membrane; N = number of classifiable substances;

No. = number on which the percentage is calculated.

FHSA classification system (16 CFR 1500.42): Irritant or Not Labeled as an Irritant. FHSA-20% analysis method is based on use of proportionality in which an
irritant is identified by a positive response (i.e., CO or IR >1 and/or CR or CC>2) in >1/3, 1/4, 1/5 or >2/6 animals (20 to 33% positive). Substances that do not
produce a positive response in 3, 4, 5, or 6 animals or that produce a positive response in 1/6 animals are not classified as irritants, and therefore do not require

1

labeling.

in the overall analysis and were not evaluated separately.

Because Bagley et al. (1992) and Kojima et al. (1995) contain only one and two classifiable substances, respectively, data from these studies were included only



Table 6-18 Accuracy of theHET-CAM Test Method in Distinguishing Substances Not Labeled asIrritantsfrom Irritants, as
Defined by the FHSA-67% Classification System, by Study and Overall

Accuracy Sensitivity Specificity False Positive Rate False Negative Rate
Data Sour ce N?
% No.? % No. | % No. % No. % No.
Gettings et al. (1994) 15 53 8/15 80 4/5 40 4/10 60 6/10 20 1/5
Gettings et al. (1996) 23 91 21/23 100 | 19/19 50 2/4 50 2/4 0 0/19
Hagino et al. (1999) 15 87 13/15 100 | 13/13 0 0/2 100 2/2 0 0/13
Overall? 55 80 44/55 97 38/39 38 6/16 63 10/16 3 1/39

Abbreviations: FHSA = Federal Hazardous Substances Act; HET-CAM = hen’s egg test—chorioallantoic membrane; N = number of substances included in this
analysis; No. = number on which the percentage is calculated.

FHSA classification system (16 CFR 1500.42): Irritant or not labeled. FHSA-67% analysis method is based on use of proportionality in which an irritant is
identified by a positive response (i.e., CO or IR >1 and/or CR or CC>2) in >2/3, 3/4, 4/5 or 4/6 animals (67% to 80% positive). Substances that do not produce a
positive response in 3, 4, 5, or 6 animals or that produce a positive response in 1/6 animals are not classified as irritants, and therefore do not require labeling.
Because Bagley et al. (1992) and Kojima et al. (1995) contain only one and two classifiable substances, respectively, data from these studies were included only
in the overall analysis and were not evaluated separately. The FHSA-67% Inconclusive substances were not included in the calculations. One of these was from
the Bagley et al. (1992) study; therefore, the overall correct classification values increase by two rather than by three substances.

1



Table 6-19 Accuracy of theHET-CAM Test Method (15 A]) in Distinguishing Substances Not Labeled asIrritantsfrom All Other
Irritant Classes, as Defined by the FHSA-20% Classification System, with Discordant Chemical and Physical Classes
Excluded
HET-CAM Database N Accuracy Sensitivity Specificity Falszl;(t):tlve FaIseRl\;?gatlve
% No. % No. % No. % No. % No.
Overall 63 78 49/63 91 43/47 | 38 6/16 63 10/16 9 4147
Without Alcohols 53 77 41/53 90 35/39 43 6/14 57 8/14 10 4/39
Without Surfactant Formulations 38 68 26/38 85 22/26 | 33 4/12 67 8/12 15 4/26
Without Oil/Water Emulsions 45 91 41/45 100 39/39 33 2/6 67 4/6 0 0/39
Without Alcohols and Surfactant Formulations 28 64 18/28 78 14/18 | 40 4/10 60 6/10 22 4/18
Without Alcohols and Oil/Water Emulsions 35 94 33/35 100 31/31 50 2/4 50 2/4 0 0/31
Without Alcoh(_)ls, Surfactant Eormulations, and 10 100 10/10 100 10/10 2 i i i 0 0/10
Oil/Water Emulsions

Abbreviations: FHSA = U.S. Federal Hazardous Substances Act; HET-CAM = hen’s egg test—chorioallantoic membrane; N = number of substances included in this analysis;

No. = data used to calculate the percentage.
1

FHSA classification system (16 CFR 1500.42): Irritant or Not Labeled as an Irritant. FHSA-20% analysis method is based on use of proportionality in which an irritant is

identified by a positive response (i.e., CO or IR >1 and/or CR or CC>2) in >1/3, 1/4, 1/5 or >2/6 animals (20% to 33% positive). Substances that do not produce a positive

response in 3, 4, 5, or 6 animals or that produce a positive response in 1/6 animals are not classified as irritants, and are therefore do not require labeling.
No substances were classified as Not Labeled by FHSA or as nonirritants in HET-CAM, therefore specificity and the false positive rate could not be determined.




Table 6-20 Accuracy of theHET-CAM Test Method (IS5 A]) in Distinguishing Substances Not Labeled asIrritantsfrom All Other
Irritant Classes, as Defined by the FHSA-67% Classification System, with Discordant Chemical and Physical Classes

Excluded

HET-CAM Database N Accuracy Sensitivity Specificity Fals%z;):nve FaIseRl\;?gatlve
% No. % No. % No. % No. % No.
Overall 55 80 44/55 97 38/39 | 38 6/16 63 10/16 3 1/39
Without Alcohols 47 81 38/47 97 32/33 | 43 6/14 57 8/14 3 1/33
Without Surfactant Formulations 32 72 23/32 95 19/20 33 4/12 67 8/12 5 1/20
Without Oil/Water Emulsions 40 90 36/40 100 34/34 33 2/6 67 4/6 0 0/34
Without Alcohols and Surfactant Formulations 24 71 17/24 93 13/14 | 40 4/10 60 6/10 7 1/14
Without Alcohols and Oil/Water Emulsions 32 94 30/32 100 28/28 50 2/4 50 2/4 0 0/28
Without Alcohc_>ls, Surfactant Eormulations, and 9 100 9/9 100 9/9 2 ) ) ) 0 0/9

Oil/Water Emulsions

Abbreviations: FHSA = U.S. Federal Hazardous Substances Act; HET-CAM = hen’s egg test—chorioallantoic membrane; N = number of substances included in this analysis;
No. = data used to calculate the percentage.

! FHSA classification system (16 CFR 1500.42): Irritant or not labeled. FHSA-67% analysis method is based on use of proportionality in which an irritant is identified by a
positive response (i.e., CO or IR >1 and/or CR or CC>2) in >2/3, 3/4, 4/5 or 4/6 animals (67% to 80% positive). Substances that do not produce a positive response in 3, 4, 5, or
6 animals or that produce a positive response in 1/6 animals are not classified as irritants, and are therefore do not require labeling.

2 No substances were classified as Not Labeled by FHSA or as Nonirritants in HET-CAM:; therefore, specificity and the false positive rate could not be determined.



7.0 HET-CAM Test Method Reliability

An assessment of test method reliability (intralaboratory repeatability and intra- and interlaboratory
reproducibility) is essential to any evaluation of the performance of an alternative test method
(ICCVAM 2003). Quantitative and qualitative evaluations of HET-CAM test method reliability have
been conducted previously (ICCVAM 2006a). Because the database used for the current evaluation of
the HET-CAM test method has not changed, the quantitative evaluation of test method reliability
remains unchanged. However, additional qualitative analyses of test method reproducibility were
conducted to evaluate the extent of agreement in HET-CAM hazard classifications among the
laboratories. Given that the performance of the BCOP test method was similar for the EPA and FHSA
hazard classification systems, additional reliability analyses were not conducted for the FHSA hazard
classification system.

7.1 Interlaboratory Reproducibility of Hazard Classification Category Using the
GHS Classification System

Fifteen of 17 substances tested had sufficient data to be classified using the GHS system (UN 2007).
Of four Not Classified and three Category 2B substances, none was correctly identified by HET-
CAM. None of the 15 GHS-classified substances tested was classified Category 2A by HET-CAM.
However, eight substances classified as GHS Category 1 were correctly identified by the HET-CAM
test method.

To evaluate the extent of agreement in irritant classifications among laboratories (i.e., Category 1, 2A,
and 2B = + and Not Classified = -), regardless of the individual hazard classification, NICEATM
compared in vivo and in vitro data (Table 7-1).

For 11 substances, there was 100% agreement between the in vivo and in vitro classifications (i.e.,
+/+). For four substances that were overpredicted in vitro (i.e., -/+), there was 100% agreement for
75% (3/4) of the substances and 80% agreement for 25% (1/4) of the substances. For two substances
that could not be assigned GHS classifications, there was 100% agreement on the in vitro
classifications (i.e., ?/+).

NICEATM could not assess the agreement between laboratories for substances not labeled as irritants
compared to all other classes, because the HET-CAM test method did not produce any Not Classified
classifications. Overall, however, there was 100% agreement for 94% (16/17) of the substances and
80% agreement for 6% (1/17) of the substances.*

The extent of agreement for a test substance was also evaluated among the five laboratories based on
prediction of the individual GHS hazard category (Table 7-2). Of four Not Classified substances, all
were overpredicted with 100% agreement by 75% (3/4) of the laboratories and 80% agreement by
25% (1/4) of the laboratories. All three Category 2B substances were overpredicted with 100% (3/3)
agreement among the five laboratories. No Category 2A substances were identified.

All eight substances were correctly predicted as Category 1 with 100% agreement for 63% (5/8) of
the substances, 80% agreement for 13% (1/8) of the substances, and 60% agreement for 25% (2/8) of
the substances.

* Because the database of HET-CAM test method results has not changed since the 2006 ICCVAM BRD, the
qualitative evaluation of reproducibility is not repeated here.



Table7-1 Interlaboratory Variability of Hagino et al. (1999) Compared to the In Vivo Rabbit Eye Test in Predicting Ocular Hazard
Categoriesfor Severelrritantsor Corrosives (1) from Nonsevere Irritants (2A, 2B) and Substances Not Classified, as
Defined by the GHS Classification System®
Renort Analysis Classification # of N Substances with 100% Substances with 80%
€ M ethod? (In Vivo/In Vitro)® Labs Agreement among L abs’ Agreement among L abs’
++ 5 11 11 (100%) 0
+/- 5 0 0 0
-1+ 5 4 3 (75%) 1 (25%)
Hagino et al.
(1999) IS(A) -I- 5 0 0 0
?/- 5 0 0 0
2+ 5 2 2 (100%) 0
Total 5 17 16 (94%) 1 (6%)

Abbreviations: GHS = Globally Harmonized System; N = number of substances.

! GHS classification system (UN 2007).

2 Analysis method used to transform the sample data into HET-CAM scores. I1S(A) = method described in Luepke (1985); 1S(B)-10 and 1S(B)-100 = method described in Kalweit
et al. (1987).

3 A “+” indicates that the substance was assigned an overall classification of corrosive or a severe irritant (Category 1). A “-” indicates that the substance was assigned an overall
classification of nonsevere irritant (Category 2A or 2B) or Not Classified. A “?” indicates that, due to the lack of appropriate in vivo data (e.g., studies were terminated too early
to assess reversibility of effects; insufficient dose volume), a GHS classification could not be made. See Section 6.1 for a description of the rules followed to classify the ocular
irritancy of test substances tested multiple times in vitro.

4 Number in parentheses indicates percentage of tested chemicals.



None of the eight Category 1 substances was incorrectly identified. However, all four Not Classified
substances and the three Category 2B substances, 4/4 (100%) and 3/3 (100%), respectively, were
incorrectly identified (Table 7-2).

There was no agreement among the five participating laboratories in incorrect classification of 0/8
(0%) of the GHS Category 1 substances. All were correctly classified. There was 100% agreement in
overclassifying 100% (3/3) of the GHS Category 2B substances, 100% agreement in overclassifying
75% (3/4) of the substances, and 80% agreement in overclassifying 25% (1/4) of the Not Classified
substances (Table 7-2).

7.2  Interlaboratory Reproducibility of Hazard Classification Category Using the
EPA Classification System

Fifteen of 17 substances tested had sufficient data to be classified using the EPA system (EPA
2003a). Of two Category 1V, five Category I11, and one Category Il substances, none (0% [0/2], 0%
[0/5], and 0% [0/1], respectively) was correctly identified by the HET-CAM test method. However,
seven substances classified as EPA Category | were correctly identified by HET-CAM (100% [7/7]).

To evaluate the extent of agreement in irritant classifications among laboratories (i.e., Category 1, 2A,
and 2B = + and Not Labeled = -), regardless of the individual hazard classification, NICEATM
compared in vivo and in vitro data (Table 7-3).

For 13 substances, there was 100% agreement among the in vivo and in vitro classifications (i.e.,

+/+). There was 60% agreement for both (100% [2/2]) of the substances that were overpredicted in
vitro (i.e., -/+). For two substances that could not be assigned an EPA classification, there was 100%
agreement on the in vitro classifications (i.e., ?/+) for 50% (1/2) of the substances and 60% agreement
for 50% (1/2) of the substances.

NICEATM could not assess the agreement between laboratories for substances not labeled as irritants
compared to all other classes, because the HET-CAM test method did not produce any Not Labeled
classifications. Overall, however, there was 100% agreement for 82% (14/17) of the substances and
60% agreement for 18% (3/17) of the substances.”

The extent of agreement for a test substance was also evaluated among the five laboratories based on
prediction of the individual EPA hazard category (Table 7-4). Both Category IV substances were
overpredicted with 100% agreement by 50% (1/2) of the laboratories and with 80% agreement by
50% (1/2) of the laboratories. All five Category Il substances were overpredicted with 100%
agreement among the five laboratories. One Category Il substance was overpredicted with 100%
agreement among the five laboratories. All seven substances were correctly predicted as Category |
substances with 100% agreement for 71% (5/7) of the substances and 80% agreement for 29% (2/7)
of the substances.

None of the seven Category 1 substances was incorrectly identified. However, both Category IV, all
five Category 111, and the one Category |l substance (i.e., 100% [2/2], 100% [5/5], and 100%,
respectively) were incorrectly identified by the HET-CAM test method (Table 7-4).

There was no agreement among the five participating laboratories in incorrectly classifying any (0%
[0/7]) of the EPA Category | substances. All were correctly classified. There was 100% agreement in
overclassifying 50% (1/2) and 80% agreement in overclassifying 50% (1/2) of the EPA Category IV
substances. For Category 111 substances, there was 100% agreement in overclassifying 5/5 substances.
There was 100% agreement in overclassifying the Category Il substance.

® Because the database of HET-CAM test method results has not changed since the 2006 ICCVAM BRD
(20064a), the qualitative evaluation of reproducibility is not repeated here.



Table 7-2 Interlaboratory Variability of Hagino et al. (1999) Compared to theln Vivo
Rabbit Eye Test in Predicting Each Ocular Hazard Category (1, 2A, 2B) and
Substances Not Classified, as Defined by the GHS Classification System*
. Substances with . Substances
In Vivo In Vitro #of 100% Substanceswith |y iy 604
Classification Classificati N Lab A 80% Agreement A
(NO.)Z assification S greement Among Labs greement
Among Labs Among L abs
Not Classified Actual 0 5 0 0 0
(4) Over 4 5 3 (75%) 1 (25%) 0
Under 0 5 0 0 0
Cate%g)ry 28 Actual 0| s 0 0 0
Over 3 5 3 (100%) 0 0
Under 0 5 0 0 0
Cate%g)ry 2A Actual 0| s 0 0 0
Over 0 5 0 0 0
Category 1 Under 0 5 0 0 0
8 Actual 8 5 5 (63%) 1 (13%) 2 (25%)

Abbreviations: GHS = Globally Harmonized System; N = number of substances; No. = number of substances classified.

! GHS classification system (UN 2007).

2 Due to the lack of appropriate in vivo data (e.g., studies were terminated too early to assess reversibility of effects), a GHS
classification could not be made for two substances. See Section 6.1 for a description of the rules followed to classify the
ocular irritancy of test substances tested multiple times in vitro.




Table7-3

Interlaboratory Variability of Hagino et al. (1999) Compared to the In Vivo Rabbit Eye Test in Predicting Ocular Hazard
Category | (Severelrritantsor Corrosives) from Nonsevere Irritants (Category |1, 111) and Substances Not L abeled
(Category 1V), as Defined by the EPA Classification System®

Report Analysis Classification # of N Substances with 100% Substances with 60%
€ M ethod? (In Vivo/ln Vitro)®> | Labs Agreement Among L abs’ Agreement Among L abs*
++ 5 13 13 (100%) 0
+/- 5 0 0 0
I+ 5 2 0 2 (100%)
Hagino et
Al (1999) IS(A) - 5 0 0 0
?/- 5 0 0 0
20+ 5 2 1 (50%) 1 (50%)
Total 5 17 14 (82%) 3 (18%)

Abbreviations: EPA = U.S. Environmental Protection Agency; N = number of substances.

! EPA classification system (EPA 2003a).

2 Analysis method used to transform the sample data into HET-CAM scores. IS(A) = method described in Luepke (1985); 1S(B)-10 and IS(B)-100 = method
described in Kalweit et al. (1987).

% A “+” indicates that the substance was assigned an overall classification of corrosive or a severe irritant (Category 1). A “-” indicates that the substance was
assigned an overall classification of nonsevere irritant (Category 2A or 2B) or Not Labeled. A “?” indicates that, due to the lack of appropriate in vivo data (e.g.,
studies were terminated too early to assess reversibility of effects; insufficient dose volume), a GHS classification could not be made. See Section 6.1 for a
description of the rules followed to classify the ocular irritancy of test substances tested multiple times in vitro.

4 Number in parentheses indicates percentage of tested chemicals.



Table7-4

(Category 1V), as Defined by the EPA Classification System®

Interlaboratory Variability of Hagino et al. (1999) Compared to the In Vivo Rabbit Eye Test in Predicting Each
Ocular Hazard Category for Severelrritantsor Corrosives (1), Irritants(l1, 111), and Substances Not L abeled

In Vitro

# of

Substances with 100%

Substances with 80%

In Vivo Classification (No.) Classification Labs N Agreement Among L abs Agreement Among L abs
Actual 5 0 0 0
Category 1V (2)
Over 5 2 1 (50%) 1 (50%)
Under 5 0 0 0
Category 11 (5) Actual 5 0 0 0
Over 5 5 5 (100%) 0
Under 5 0 0 0
Category 11 (1) Actual 5 0 0 0
Over 5 1 1 (100%) 0
Under 5 0 0 0
Category 1 (7)
Actual 5 7 5 (71%) 2 (29%)

Abbreviations: EPA = U.S. Environmental Protection Agency; N = number of substances; No. = number of substances classified.
! EPA classification system (EPA 2003a).

2 Due to the lack of appropriate in vivo data (e.g., studies were terminated too early to assess reversibility of effects), an EPA classification could not be made for two substances.

See Section 6.1 for a description of the rules followed to classify the ocular irritancy of test substances tested multiple times in vitro.




7.3  Interlaboratory Reproducibility of Hazard Classification Category Using the
EU Classification System

Fifteen of 17 substances tested had sufficient data to be classified using the EU system (EU 2001). Of
seven Not Labeled and one R36 substances, none (0% [0/7] and 0% [0/1], respectively) were
correctly identified by HET-CAM. However, all seven substances classified as EU R41 were
correctly identified by the HET-CAM test method (100%).

To evaluate the extent of agreement in irritant classifications among laboratories (i.e., Category 1, 2A,
and 2B = + and Not Labeled = -), regardless of the individual hazard classification, NICEATM
compared in vivo and in vitro data (Table 7-5).

For eight substances, there was 100% agreement among the in vivo and in vitro classifications for
63% (5/8), 80% agreement for 25% (2/8), and 60% agreement for 13% (1/8). For seven substances
that were overpredicted in vitro (i.e., -/+), there was 100% agreement for 86% (6/7) and 80%
agreement for 14% (1/7) of the substances. There was 100% agreement on the in vitro classification
(i.e.,?/+) of both substances that could not be assigned an EU classification.

NICEATM could not assess the agreement between laboratories for substances not labeled as irritants
compared to all other classes, because the HET-CAM test method did not produce any Not Labeled
classifications.

The extent of agreement for a test substance was also evaluated among the five laboratories based on
prediction of the individual EU hazard category (T able 7-6).

All seven Not Labeled substances were overpredicted with 100% agreement by 86% (6/7) of the
laboratories and with 80% agreement by 14% (1/7) of the laboratories.

The one R36 substance was overpredicted with 100% agreement among the five laboratories.

Seven R41 substances were overpredicted with 100% agreement among the five laboratories for 71%
(5/7), 80% agreement for 14% (1/7), and 60% agreement for 14% (1/7) of the substances.

None of the seven R41 substances was incorrectly identified. However, all seven Not Labeled, one
Category R36, and seven R41 substances (i.e., 100% [7/7], 100% [1/1], and 100% [7/7], respectively)
were incorrectly identified by HET-CAM (T able 7-6).

There was no agreement among the five participating laboratories in incorrectly classifying any (0/7)
of the EU R41 substances; all were correctly classified. There was 100% agreement in overclassifying
86% (6/7) and 80% agreement in overclassifying 14% (1/7) of the EPA substances not labeled as
irritants. For R36 substances, there was 100% agreement in overclassifying 1/1 substance.

7.4  Common Chemical or Product Classes Among Test Substances with Discor dant
Interlaboratory Results Using the GHS Classification System

There were insufficient data with which to determine the effect of discordant chemicals on the
interlaboratory analyses.



Table 7-5 Interlaboratory Variability of Hagino et al. (1999) Compared to the In Vivo Rabbit Eye Test in Predicting Ocular Hazard
Categoriesfor Severelrritantsor Corrosives (R41) from Irritants (R36) and Substances Not L abeled, as Defined by the
EU Classification System®
Analvsis Classification # of Substances with Substanceswith 80% | Substanceswith 60%
Report Meth%dz (In Vivo/ln L abs N 100% Agreement Agreement Among Agreement Among
Vitro)® Among Labs Labs Labs
++ 5 8 5 (63%) 2 (25%) 1 (13%)
+/- 5 0 0 0 0
-1+ 5 7 6 (86%) 1 (14%) 0
Hagino et al.
(1999) IS(A) -I- 5 0 0 0 0
?/- 5 0 0 0 0
2+ 5 2 2 (100%) 0 0
Total 5 17 13 (76%) 3 (18%) 1 (6%)

Abbreviations: EU = European Union; N = number of substances.

! EU classification system (2001).

2 Analysis method used to transform the sample data into HET-CAM scores. I1S(A) = method described in Luepke (1985); 1S(B)-10 and 1S(B)-100 = method
described in Kalweit et al. (1987).

¥ A “+” indicates that the substance was assigned an overall classification of severe irritant or corrosive (R41). A “-” indicates that the substance was assigned an
overall classification of nonsevere irritant (R36) or Not Labeled. A “?” indicates that, due to the lack of appropriate in vivo data (e.g., studies were terminated too
early to assess reversibility of effects; insufficient dose volume), an EU classification could not be made. See Section 6.1 for a description of the rules followed to
classify the ocular irritancy of test substances tested multiple times in vitro.



Table 7-6 Interlaboratory Variability of Hagino et al. (1999) Compared to the In Vivo Rabbit Eye Test in Predicting Each
Ocular Hazard Category for Severelrritantsor Corrosives (R41), Irritants (R36), and Substances Not L abeled, as

Defined by the EU Classification System*

In Vivo Classification Classification # of Substances with Substanceswith 80% | Substanceswith 60%
(No.)? (In Vitro) L abs N 100% Agreement Agreement Among Agreement Among
' Among Labs Labs Labs
Actual 5 0 0 0 0
NL (7)
Over 5 7 6 (86%) 1 (14%) 0
Under 5 0 0 0 0
R36 (1) Actual 5 0 0 0 0
Over 5 1 1 (100%) 0 0
Under 5 0 0 0 0
R41 (7) 5
Actual 5 7 5 (71%) 1 (14%) 1 (14%)

Abbreviations: EU = European Union; N = number of substances; NL = Not Labeled (as irritant); No. = number of substances classified.
! EU classification system (2001).

2 Due to the lack of appropriate in vivo data (e.g., studies were terminated too early to assess reversibility of effects), an EU classification could not be made for two substances.
See Section 6.1 for a description of the rules followed to classify the ocular irritancy of test substances tested multiple times in vitro.




8.0 Test Method Data Quality

The same database was used in this assessment and the 2006 ICCVAM Background Review
Document: Current Status of In Vitro Test Methods for Identifying Ocular Corrosives and Severe
Irritants: Hen'’s Egg Test — Chorioallantoic Membrane, in which test method data quality is evaluated
(ICCVAM 2006a).

9.0 Other Scientific Reportsand Reviews

NICEATM obtained two studies that were not discussed in the 2006 BRD (ICCVAM 2006a) but that
contain HET-CAM data: de Silva et al. (1992) and Boue-Grabot et al. (1995).

De Silva et al. (1992) presented the results of a HET-CAM study of 60 chemicals and 41 cosmetic
formulations. The chemicals were tested at 10% of their in vivo test concentration, whereas the
cosmetic formulations were tested neat. The researchers used the test method of Luepke (1985) with a
fixed time point IS(A) analysis method (i.e., 0.5, 2, and 5 minutes). Intralaboratory reproducibility
was evaluated using a double-blind study of 20 surfactants tested at concentrations of 1% and 10%.
Spearman’s coefficient rho was greater than 0.9 (p < 10°®) for the two concentrations. For the

60 chemicals, HET-CAM scores (i.e., maximum score of 21) were correlated with three EEC ocular
irritation classes (i.e., Class | = Not Labeled, Class Il = R36, and Class 11l = R41). Class | substances
were clearly distinguished from Class Il substances. Sensitivity, specificity, and concordance were
91%, 88%, and 90%, respectively, when an IS(A) score of 9 was used to differentiate Class | from
Class Il substances.

In de Silva et al., the false positive rate was 5% (3/60), and the false negative rate was 5% (3/60). The
false negative substances were one Class Il or severe irritant (acetaldehyde) and two nonsevere
irritants (n-butanol and a nonionic surfactant). The HET-CAM scores for 21 formulations (i.e., make-
up removers, shower gels, and shampoos) studied without rinsing, and 20 formulations (i.e., creams
and body milks) washed off after a 20-second contact were compared to Draize MAS values,
resulting in Spearman rank correlation coefficients of rho = 0.77 (p < 10”) and rho = 0.76 (p < 10®),
respectively. The authors suggest that the HET-CAM test method, with optimization, is potentially
useful in a battery of in vitro test methods for the screening of new ingredients and formulations.
These data were not used in the HET-CAM performance analyses in this BRD because original
Draize data were not available to derive regulatory classifications based on the current EPA, GHS,
and EU classification systems (EPA 2003a; UN 2007; EU 2001).

In Boue-Grabot (1995), 103 cosmetics and toiletries were tested in the HET-CAM test method using
the fixed time point method (i.e., 0, 0.5, 2 and 5 minutes) of Luepke (1985). In this method, the CAM
is observed for the appearance of vasodilation, hemorrhage, or coagulation at each time point, and
numerical scores are assigned. The IS was converted to a mean chorioallantoic irritation index
(MCA), and the HET-CAM results (i.e., nonirritant, slightly irritant, moderately irritant, or very
irritant) were compared to the Draize test using the maximal ocular irritation index (IOMA) with an
identical irritation classification scheme. Results were expressed in terms of correlation (» = 0.657,

p <0.001) between the MCA and IOMA values. Accuracy was 92%, sensitivity was 80%, specificity
was 94%, the false negative rate was 2%, and the false positive rate was 6%. A cytotoxicity test was
used to further reduce the false positive and false negative rates. No individual HET-CAM or Draize
data were provided in this study, so the data could not be used in the performance analysis.

NICEATM found five additional studies containing HET-CAM data in the peer-reviewed literature
from 2005 to 2009 (Dahl 2007; Debbasch et al. 2005; Mancebo et al. 2008; Mehling et al. 2007;

Vinardell and Mitjans 2006). From these studies, seven test substances were identified with in vitro
scores and in vivo data using the Draize rabbit eye test. However, the Draize rabbit eye test data and



HET-CAM results for all seven test substances were included in the accuracy analyses reported in the
ICCVAM BRD (2006a). Consequently, they have already been considered in the current evaluation.

Getttings et al. (1996b) used the original Draize data and new low volume eye test (LVET) data to
evaluate new in vitro test method data, including HET-CAM using the IS(A) and 1S(B) analysis
methods, on 10 hydroalcoholic formulations that were originally published in Gettings et al. (1991).
The authors suggest that the performance of the in vitro test methods, including HET-CAM,
conformed no better (or worse) with the LVET than with the Draize test method. No individual
animal data were provided to enable regulatory classification. Therefore, these data were not used in
the current HET-CAM performance analyses.

In Debbasch et al. (2005), 12 coded make-up removers were applied to the external eyelid and tested
in the HET-CAM, BCOP, and the corneal epithelial cell line (CEPI) test methods, as well as a clinical
in-use test under ophthalmological control. Three hundred microliters of undiluted test product was
applied to the CAM of 9-day-old fertilized eggs (White Leghorn chicken, four per product). Corneal
opacity was determined using an adapted spectrophotometer and barrier disruption by fluorescein
uptake using OD4go NM. In vitro scores were classified according to Gautheron et al. (1994) and
Harbell and Curren (1998). However, no in vivo rabbit eye data were reported, and these data have
not been obtained. For this reason, the results from this study were not included in the HET-CAM
performance analyses detailed in this BRD.

In Vinardell and Mitjans (2006), several industrial and laboratory solvents were tested for potential
eye irritation using the HET-CAM test method. The test substances were applied on the membrane of
fertile eggs (Leghorn SA31, six per solvent) in a constant volume of 0.3 mL at 37°C. The membrane,
blood vessels, and albumen were examined for 5 minutes. The time of appearance, in seconds, of
each irritant effect was recorded. No in vivo rabbit reference data were reported, but the Draize rabbit
eye test data and HET-CAM results for 7/9 of these substances were included in the accuracy
analyses reported in the ICCVAM BRD (2006a). Consequently, they have in turn already been
considered in the current evaluation.

In Dahl (2007), 27 dental adhesive products in a total of 36 solutions based on four adhesive concepts
(i.e., self-etch 1 step, self-etch 2 step, etch and rinse 2 steps, or etch and rinse 3 steps) were evaluated
in the HET-CAM test method. The potential of dental adhesives to evoke irritation relevant to the
biocompatibility of dental adhesives with regard to pulpal and mucous membrane exposure was
assessed. An IS was obtained over a 5-minute observation period based on the time of first
appearance of hemorrhage, vascular lysis, or coagulation in the chorioallantoic membrane.
Substances were applied in a volume of 0.3 mL (n=3 eggs in two experiments). Products were
classified based on conversion of the HET-CAM IS to a mean irritation score (i.e., nonirritant, slight
irritant, moderate irritant, or strong irritant). Sixteen solutions were identified as strong irritants and
found among all adhesive concept groups except the newest, self-etch 1 step. However, all substances
in the self-etch 1 step group were classified as moderate irritants with IS scores close to those of a
strong irritant. The results suggested that dental adhesives have the potential to cause an irritant
reaction if exposed to oral mucosa. This HET-CAM data could not be used in the BRD performance
analysis because no corresponding Draize data were provided.

Mehling et al. (2007) tested 18 proprietary surfactants using the red blood cell test, HET-CAM, and
the SkinEthic™ ocular tissue model. Following the standard operating procedure of the Colipa
project (INVITTOX Protocol No. 96), 300 microliters of test solution diluted in water were applied to
the exposed CAM. The intensity of the subsequent reactions (i.e., hemorrhage, lysis, and coagulation)
was semiquantitatively assessed on a scale of 0 to 3. No ir vivo rabbit reference data were reported in
this study; therefore, it was not included in the HET-CAM performance analysis detailed in this BRD.

In Mancebo et al. (2008), 14 proprietary formulations generally used in agriculture were tested in
acute dermal toxicity and in eye irritation/corrosion tests. Three substances were tested using the



HET-CAM method and the acute eye irritation/corrosion test. Three hundred microliters of each test
substance was applied to the CAM of fertile eggs (Lohman, six per substance) and observed for 5
minutes. The three endpoints for this study were hemorrhage, vessel lyses, and coagulation. Although
mean in vivo rabbit eye data and corresponding irritation levels and HET-CAM IS values were
reported in the study, the original animal data were not provided. Thus the study was not included in
the HET-CAM performance analyses detailed in this BRD.

Several other studies on HET-CAM were reported. For example, Budai et al. (2004) tested three
pesticide formulations in the HET-CAM test method using the 1S(B) analysis method, but only
qualitative results and no corresponding Draize data were provided. Tavaszi and Budai (2006)
provided IS(B) scores for HET-CAM data but no corresponding Draize data on six agrochemical
pesticides. Tavaszi and Budai (2007) reported HET-CAM data on six additional agrochemical
formulations using the IS(B) analysis method and converted the scores to qualitative irritation indices
that were compared to qualitative Draize results based on the maximum mean total score (MMTS).
This data could not be used for regulatory classification and was not included in the performance
analyses. Tavaszi et al. (2008) performed similar analyses on six additional agrochemical
formulations.

10.0 How theHET-CAM Test Method Will Refine, Reduce, or Replace
Animal Use

ICCVAM promotes the scientific validation and regulatory acceptance of new methods that refine,
reduce, or replace animal use where scientifically feasible. Refinement, reduction, and replacement
are known as the “three Rs” of animal protection. These principles of humane treatment of laboratory
animals are described as:

o Refining experimental procedures such that animal suffering is minimized

e Reducing animal use through improved science and experimental design

e Replacing animal models with non-animal procedures (e.g., in vitro technologies), where
possible (Russell and Burch 1992)

The HET-CAM test method has the potential to refine and reduce animal use in eye irritation testing.
The HET-CAM test method would refine animal use by the in vitro identification of ocular corrosives
and severe irritants, nonsevere irritants, or substances not labeled as irritants when used in a tiered-
testing scheme. Substances identified as corrosives or severe irritants would be excluded from in vivo
testing. Furthermore, the ability to identify mild and moderate ocular irritants would eliminate the
need for in vivo testing, thus sparing rabbits from the pain associated with these types of substances.
The HET-CAM test method can also reduce animal use because the test method does not use live
animals. Use of the HET-CAM test method in lieu of one that uses live animals or animals used as a
food source (e.g., BCOP, ICE, IRE) would further reduce the number of animals in a tiered-testing
strategy.

10.1 Requirement for the Use of Animals

The HET-CAM test method has been designed so as not to require the use of animals. International
regulations provide for the protection of animals used for experimental or other scientific purposes.
For test methods using an animal embryo or fetus, some provisions indicate when an animal embryo
or fetus is considered an animal and is therefore protected by the regulations. According to some of
these regulations, a bird is considered a protected animal (thus the test is considered an in vivo and not
in vitro test) when more than half of the gestation or incubation period has elapsed (Day 10.5 of the
21-day incubation period for a chicken embryo) (Animals [Scientific Procedures] Act 1986; EU
1986). The Public Health Service Policy, with which all National Institutes of Health (NIH)-funded
research projects must comply, applies to all live vertebrate species. The NIH Office of Laboratory



Animal Welfare has provided written guidance in this area, interpreting “live vertebrate animal” to
apply to avians (e.g., chick embryos) only after hatching (Kulpa-Eddy J, personal communication;
NIH 2000).

It has been proposed that at incubation Day 9, the embryonic differentiation of the chicken central
nervous system is sufficiently incomplete that suffering from pain perception is unlikely to occur
(MSPCA 2005; Liebsch M, personal communication). Evaluations suggest that there are few sensory
fibers present at Day 9 in the avian embryo and that significant development of the sensory nerve
ending occurs between incubation Days 11 and 14 (Romanoff 1960). Studies also have suggested that
the extraembryonal vascular systems (e.g., yolk sac, CAM) are not sensitive to pain (Rosenbruch
1997; Spielmann H, personal communication). Combined, these studies suggest that at incubation
Day 9 the developing embryo perceives little or no pain during the conduct of the HET-CAM test
method.

11.0 Practical Considerations

Practical considerations for the HET-CAM test method are detailed in the Background Review
Document.: Current Status of In Vitro Test Methods for Identifying Ocular Corrosives and Severe
Irritants: Hen's Egg Test — Chorioallantoic Membrane Test Method (ICCVAM 2006a).
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13.0 Glossary®

Accuracy: (a) The closeness of agreement between a test method result and an accepted reference
value. (b) The proportion of correct outcomes 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.

Assay:” The experimental system used. Often used interchangeably with rest and test method.

® The definitions in this Glossary are restricted to their uses with respect to the Draize rabbit eye test method
. and the HET-CAM test method.
Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM 2003).
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Benchmark control: A sample containing all components of a test system and treated with a known
substance (i.e., the benchmark substance) to induce a known response. The sample is processed with
test substance-treated and other control samples to compare the response produced by the test
substance to the benchmark substance to allow for an assessment of the sensitivity of the test method
to assess a specific chemical class or product class.

Benchmark substance: A substance used as a standard for comparison to a test substance. A
benchmark substance should have the following properties:

a consistent and reliable source(s)

structural and functional similarity to the class of substances being tested
known physical/chemical characteristics

supporting data on known effects

known potency in the range of the desired response

Blepharitis: Inflammation of the eyelids.
Bulbar conjunctiva: The portion of the conjunctiva that covers the outer surface of the eye.

Chorioallantoic membrane (CAM): A vascularized respiratory fetal membrane that is composed of
the chorion and allantois.

Classification system: An arrangement of quantified results or data into groups or categories
according to previously established criteria.

Coagulation: The process of a liquid becoming viscous, jellylike, or solid by chemical reaction.

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: 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

Concordance:” The proportion of all substances tested that are correctly classified as positive or
negative. It is a measure of test method performance and one aspect of “relevance.” The term is often
used interchangeably with accuracy (see also two-by-two table). Concordance is highly dependent on
the prevalence of positives in the population being examined.

Conjunctiva: The mucous membrane that lines the inner surfaces of the eyelids and folds back to
cover the front surface of the eyeball, except for the central clear portion of the outer eye (the cornea).
The conjunctiva is composed of three sections: palpebral conjunctiva, bulbar conjunctiva, and fornix.

Conjunctival sac: The space located between the eyelid and the conjunctiva-covered eyeball.
Substances are instilled into the sac to conduct an in vivo eye test.

Cornea: The transparent part of the coat of the eyeball that covers the iris and pupil and admits light
to the interior.

Corneal opacity: Measurement of the extent of opagqueness of the cornea following exposure to a test
substance. Increased corneal opacity is indicative of damage to the cornea. Opacity can be evaluated
subjectively, as done in the Draize rabbit eye test, or objectively with an instrument such as an
opacitometer.



Corrosion: Destruction of tissue at the site of contact with a substance.

Corrosive: A substance that causes irreversible tissue damage at the site of contact.
Endpoint:” The biological process, response, or effect assessed by a test method.
False negative:” A substance incorrectly identified as negative by a test method.

False negativerate:” 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 method accuracy.

False positive:” A substance incorrectly identified as positive by a test method.

False positiverate:” The proportion of all negative substances that are falsely identified by a test
method as positive (see two-by-two table). 1t is one indicator of test method accuracy.

Fibroustunic: The outer of the three membranes of the eye, comprising the cornea and the sclera;
called also tunica fibrosa oculi.

Globally Harmonised System (GHS): A classification system presented by the United Nations that
provides (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 L aboratory 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.

Hazard:” The potential for an adverse health or ecological effect. A hazard potential results only if an
exposure occurs that leads to the possibility of an adverse effect being manifested.

Hemorrhage: Discharge of blood from a vessel.
Hyperemia: Excess of blood in a body part.

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.

In vitro: In glass. Refers to assays that are carried out in an artificial system (e.g., in a test tube or
petri dish) and typically use single-cell organisms, cultured cells, cell-free extracts, or purified
cellular components.

In vivo: In the living organism. Refers to assays performed in multicellular organisms.

Iris: The contractile diaphragm perforated by the pupil and forming the colored portion of the eye.

“ Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM 2003).



Irritation score: Value calculated by different analysis methods, which is used to classify the
irritancy potential of a test substance. Also referred to as S.

Irritation Threshold Concentration: The lowest concentration of a test substance required to
produce a weak or slight irritant response on the CAM. Also referred to as I7C.

IS(A) analysis method: HET-CAM analysis method where endpoints are observed at specified time
points after application of the test substance (typically 0.5, 2, and 5 minutes post exposure). At the
time points, presence of an endpoint is determined and a score assigned, if it is present. The scores are
totaled to yield an overall irritation score.

IS(B) analysis method: HET-CAM analysis method where endpoints are observed over the entire
observation period after application of the test substance (typically 5 minutes). The time (in seconds)
when an endpoint develops is noted, and the times are used to yield an overall irritation score using a
mathematical formula.

Lysis: The disintegration of blood vessels.
Mean Timeto Coagulation (mtc): Mean detection time for appearance of coagulation endpoint.

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

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

Neur oectoder mal tunic: The innermost of three membranes of the eye, comprising the retina.

Nictating membrane: The membrane that moves horizontally across the eye in some animal species
(e.g., rabbit, cat) to provide additional protection in particular circumstances. It may be referred to as
the third eyelid.

Not Labeled: (a) A substance that produces no changes in the eye following application to the
anterior surface of the eye. (b) Substances that are not classified as GHS Category 1, 2A, or 2B; or
EU R41 or R36 ocular irritants.

Nonsevereirritant: (a) A substance that causes tissue damage in the eye following application to the
anterior surface of the eye; the tissue damage is reversible within 21 days of application and the
observed adverse effects in the eye are less severe than observed for a severe irritant. (b) Substances
that are classified as GHS Category 2A or 2B; EPA Category Il, 11, or IV; or EU R36 ocular irritants.

Ocular: Of or relating to the eye.

Ocular corrosive: A substance that causes irreversible tissue damage in the eye following application
to the anterior surface of the eye.

Ocular irritant: A substance that produces a reversible change in the eye following application to the
anterior surface of the eye.

Palpebral conjunctiva: The part of the conjunctiva that covers the inner surface of the eyelids.

“ Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM 2003).



Pannus: A specific type of corneal inflammation that begins within the conjunctiva, and with time
spreads to the cornea. Also referred to as chronic superficial keratitis.

Performance:” The accuracy and reliability characteristics of a test method (see accuracy,
reliability).

pH: A measure of the acidity or alkalinity of a solution; pH 7.0 is neutral, higher pHs are alkaline,
lower pHs are acidic.

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 substance-treated 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 rwo-by-two table). It is one indicator of test method accuracy. Positive
predictivity is a function of the sensitivity of the test method and the prevalence of positives among
the substances tested.

Prevalence:” The proportion of positives in the population of substances tested (see two-by-two
table).

Protocol:” The precise, step-by-step description of a test, including the listing of all necessary
reagents, criteria and procedures for the evaluation of the test data.

Q-score: HET-CAM analysis method that calculates the ratio from the irritation score of a test
substance compared to the irritation score of a reference substance. This HET-CAM analysis method
is typically used with transparent test substances.

Quiality assurance:” A management process by which adherence to laboratory testing standards,
requirements, and record keeping procedures is assessed independently by individuals other than
those performing the testing.

Reduction alternative:” A new or modified test method that reduces the number of animals required.

Reference test method:” The accepted in vivo test method used for regulatory purposes to evaluate
the potential of a test substance to be hazardous to the species of interest.

Refinement alternative:” A new or modified test method that refines procedures to lessen or
eliminate pain or distress in animals or enhances animal well-being.

Relevance:” The extent to which a test method correctly predicts or measures the biological effect of
interest in humans or another species of interest. Relevance incorporates consideration of the
accuracy or concordance of a test method.

Reliability:” A measure of the degree to which a test method can be performed reproducibly within
and among laboratories over time. It is assessed by calculating intra- and interlaboratory
reproducibility and intralaboratory repeatability.

Replacement alternative:” A new or modified test method that replaces animals with nonanimal
systems or one animal species with a phylogenetically lower one (e.g., a mammal with an
invertebrate).

Reproducibility:” The consistency of individual test results obtained in a single laboratory
(intralaboratory reproducibility) or in different laboratories (interlaboratory reproducibility) using the
same protocol and test substances (see intra- and interlaboratory reproducibility).

“ Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM 2003).



Sclera: The tough, fibrous tissue that extends from the cornea to the optic nerve at the back of the
eye.

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).

Secondary bacterial keratitis: Inflammation of the cornea that occurs secondary to another insult
that compromised the integrity of the eye.

Severeirritant: (a) A substance that causes tissue damage in the eye following application to the
anterior surface of the eye that is not reversible within 21 days of application or causes serious
physical decay of vision. (b) Substances that are classified as GHS Category 1, EPA Category I, or
EU R41 ocular irritants.

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

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 (see two-by-two table).

S-score: HET-CAM analysis method that totals the severity scores for each endpoint evaluated. The
highest total score is used as the S-score. This HET-CAM analysis method is typically used with
nontransparent test substances.

Test:” The experimental system used; used interchangeably with test method and assay.

Test method:” A process or procedure used to obtain information on the characteristics of a
substance or agent. Toxicological test methods generate information regarding the ability of a
substance or agent to produce a specified biological effect under specified conditions. Used
interchangeably with test and assay. See also validated test method and reference test.

Test method components: Structural, functional, and procedural elements of a test method that are
used to develop the test method protocol. These components include unique characteristics of the test
method, critical procedural details, and quality control measures.

Tiered testing: A testing strategy where all existing information on a test substance is reviewed, in a
specified order, prior to in vivo testing. 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 animal testing procedure
is performed until an unequivocal classification can be made.

Toxic keratoconjunctivitis: Inflammation of the cornea and conjunctiva due to contact with an
exogenous agent. Used interchangeably with contact keratoconjunctivitis, irritative
keratoconjunctivitis, and chemical keratoconjunctivitis.

Transferability:” The ability of a test method or procedure to be accurately and reliably performed in
different, competent laboratories.

Two-by-two table:” The two-by-two table can be used for calculating accuracy (concordance)
([a+d]/[a+b+c+d]), negative predictivity (d/[c+d]), positive predictivity (a/[a+b]), prevalence

“ Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM 2003).



([a+c]/[a+b+c+d]), sensitivity (a/[a+c]), specificity (d/[b+d]), false positive rate (b/[b+d]), and false

negative rate (c/[a+c]).

New Test Outcome
Positive Negative Total
Positive a c a+c
Reference Test Negative b d b+d
Outcome
Total a+b c+d a+b+c+d

Uvea tract: The middle of three membranes of the eye, comprising the iris, ciliary body, and choroid.
Also referred to as the vascular tunic.

Validated test method: " An accepted test method for which validation studies have been completed
to determine the relevance and reliability of this method for a specific proposed use.

Validation:” The process by which the reliability and relevance of a procedure are established for a
specific purpose.

Vascular tunic: The middle of three membranes of the eye, comprising the iris, ciliary body, and
choroid. Also referred to as the uvea.

Weight of evidence (process): The strengths and weaknesses of a collection of information are used
as the basis for a conclusion that may not be evident from the individual data.

“ Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM 2003).



Annex I

Chemical and Product Class Information for the Substances Tested in the
HET-CAM Test Method

Originally published as Appendix B of:
Background Review Document - Current Status of In Vitro Test Methods for Identifying Ocular
Corrosives and Severe Irritants: Hen's Egg Test - Chrorioallantoic Membrane (Het-CAM) Test
Method (NIH Publication No. 06-4515)

Document is available on request from NICEATM.
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Annex 11

In Vitro Data for the IS(A) Analysis Method

Annex I1-1
In Vitro Data for the IS(A) Analysis Method: by Reference

Annex I1-2
In Vitro Data for the IS(A) Analysis Method: by Substance
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Annex II-1
In Vitro Data for the IS(A) Analysis Method: by Reference
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In Vitro Data for the IS(A) Analysis Method: by Reference

In Vitro In Vitro # of
Test IS(A IS(A ) Overall IS(A] GHS EPA EU
Substance Name CASRN L:sh Concentration Physical PH | 1SA)! S(D ) Classil('lcz)itinn Testing Concor/: dance Clvaesl:ﬁcatgo; X I X as X e Reference
Tested Form Tested Labs Classification™ | Classification™” | Classification
Triethanolamine 102-71-6 10% Solution 10.75 Severe Slight NI v NI Bagley et al. (1992)
riton X- -93- o olution evere evere agley et al.
Triton X-100 9002-93-1 1% Soluti 9 S S NI v NI Bagl 1. (1992)

i 1.

Oil/Water Emulsion-HZA 100% Solution 0 Nonirritant Nonirritant Nonirritant Category 111 Nonirritant Get?]ngggsgt @
i 1.

Oil/Water Emulsion-HZC 100% Solution 0.283 Nonirritant Nonirritant Nonirritant Category 111 Nonirritant Get?]ngggsgt @
i 1.

Oil/Water Emulsion-HZE 100% Solution 0.533 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Get?]ngggsgt @
i 1.

Oil/Water Emulsion-HZF 100% Solution 7.33 Moderate Moderate Nonirritant Category 111 Nonirritant Get?]ngggsgt @
i 1.

Oil/Water Emulsion-HZH 100% Solution 17.8 Severe Severe Nonirritant Category 111 Nonirritant Get?]ngggsgt @
i 1.

Oil/Water Emulsion-HZI 100% Solution 1.97 Slight Slight Nonirritant Category IV Nonirritant Get?]ngggsgt @
i 1.

Oil/Water Emulsion-HZJ 100% Solution 0.917 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Get?]ngggsgt @
i 1.

Oil/Water Emulsion-HZL 100% Solution 4.83 Slight Slight Nonirritant Category 111 Nonirritant Get?]ngggsgt @
i 1.

Oil/Water Emulsion-HZM 100% Solution 8.33 Moderate Moderate Nonirritant Category 111 Nonirritant Get?]ngggs;;t @
Getti tal.

Oil/Water Emulsion-HZN 100% Solution 333 Slight Slight Nonirritant | Category IV |  Nonirritant © (‘l“gg; 42 @
i 1.

Oil/Water Emulsion-HZO 100% Solution 0.5 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Get?]ngggs;;t @
Getti tal.

Oil/Water Emulsion-HZR 100% Solution 10.6 Severe Severe Category | Category | R4l ¢ (llﬂ 9ggs4(; !
i 1.

Oil/Water Emulsion-HZS 100% Solution 11.6 Severe Severe Nonirritant Category IV Nonirritant Get?]ngggs;;t @
i 1.

Oil/Water Emulsion-HZT 100% Solution 4.1 Slight Slight Nonirritant Category IV Nonirritant Get?]ngggs;;t @
i 1.

Oil/Water Emulsion-HZU 100% Solution 0 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Get?]ngggs;;t @
i 1.

Oil/Water Emulsion-HZV 100% Solution 0.6 Nonirritant Nonirritant Nonirritant Category 111 Nonirritant Get?]ngggs;;t @
Oil/Water Emulsion-HZW 100% Solution 0.167 Nonirritant Nonirritant Nonirritant Category 111 Nonirritant Get:n:gggs:;t al.
i 1.

Oil/Water Emulsion-HZY 100% Solution 17 Severe Severe Nonirritant Category IV Nonirritant Gettings ct a

(1994)




In Vitro Data for the IS(A) Analysis Method: by Reference

In Vitro In Vitro # of
Test D) GHS EPA EU
Substance Name CASRN Lesh Concentration Physical PH | 1SA)! ISS(;;) I§(A) . Testing % Oven?ll ISfA) Reference
al Tested Form Tested Classification Labs Concoradance | Classification | Classification? | Classification®® | Classification®’
Surfactant Based Formulation . . i
10-HZJ 10% Solution 22 Slight Slight Nonirritant Category IV Nonirritant Gettl]ngggs 6? al
Surfactant Based Formulation . Gettings et al
10% Solution 8.8 Moderate Moderate Category 1 Cat 1 R41 ctiing :
11-HZK £ory ategory (1996)
Surfactant Based Formulation Getti
o . ettings et al.
12-HZL 10% Solution 9.6 Severe Severe Category 1 Category I R41 (1996)
Surfactant Based Formulation Getti
o . . . ettings et al.
13-HZM 10% Solution 4.1 Slight Slight Category 1 Category I R41 (1996)
Surfactant Based Formulation . Gettings et al
10% Solution 6.1 Moderate Moderat Category 1 Category I R41 etimes etak
14HZN oderate ategory ategory (1996)
Surfactant Based Formulation . . i
15-HZP 10% Solution 4.7 Slight Slight Nonirritant Category 111 Nonirritant Gettl]ngggs 6? al
Surfactant Based Formulation . . . i
16-HZQ 10% Solution 49 Slight Slight Nonirritant Category 11 Nonirritant Gettl]ngggs 6? al
Surfactant Based Formulation . Gettings et al
10% Solution 7.7 Moderate Moderat Category 1 Category I R41 etimes etal
17-HZR oderate ategory ategory (1996)
Surfactant Based Formulation . Gettings et al
10% Solution 8.8 Moderate Moderat Category 1 Category I R41 etimes etal
18-1ZS oderate ategory ategory (1996)
Surfactant Based Formulation . - i
19-HZT 10% Solution 02 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Get;l]ngg 95 6? al
Surfactant Based Formulation . Gettings et al
10% Solution 7.8 Moderate Moderate Category 1 Caty 1 R41 eting :
urfactant Based Formulation . . . i
7L 10% Solution 3.7 Slight Slight Category 2B | Category III R36 Get:'rgg; 66)‘ al
Surfactant Based Formulation . Gettings et al
10% Solution 7.7 Moderate Moderat Category 1 Category [ R41 etimes etk
é]_]f_[zv - _ oderate ategory ategory (1996)
urfactant Based Formulation . Gettings et al
10% Solution 7.8 Moderate Moderat Cat 1 Cat 1 R41 s :
§2-lf-IZW - _ oderate ategory ategory (1996)
urfactant Based Formulation . Gettings et al
10% Solution 9 Severe S Cat 1 Cat 1 R41 s :
53_?2)( - _ evere ategory ategory (1996)
urfactant Based Formulation . Gettings et al
10% Solution 8.7 Moderate Moderate Category 1 Cat 1 R41 s :
54-1:2\( ___ o aleeory (1996)
urfactant Based Formulation . . . . i
25-HZZ 10% Solution 0.7 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Get:l]ngg 95 6‘? al
Surfactant Based Formulation . . i
2-HZB 10% Solution 4.8 Slight Slight Category 1 Category [ R41 Get:l]ngggs 6‘? al
Surfactant Based Formulation . Gettings et al
10% Solution 95 Severe S Category 1 Category I R41 etimes etal
3HZC evere ategory ategory (1996)




In Vitro Data for the IS(A) Analysis Method: by Reference

In Vitro In Vitro # of
Substance Name CASRN Test Concentration Physical PH | 1SA)! 1S(4) I?(A) . Testing % Over:.ill Isz) GHS EpA kU Reference
Lab Tested Form Tested SD | Classification Labs Concoradance | Classification | Classification? | Classification®® | Classification®’
i}l}f{f;gant Based Formulation 10% Solution 5.2 Moderate Moderate Category 2B Category 111 Nonirritant Get:l]ngg 95 6? al
?}':;gam Based Formulation 10% Solution 38 Slight Slight SCNM Category | SCNM Get:'rg‘g; 66)‘ al
zfl:[f;:[am Based Formulation 10% Solution 8.3 Moderate Moderate Category 1 Category [ R41 Get:l]ngg 95 6? al
ilglf;céant Based Formulation 10% Solution 6.3 Moderate Moderate Category 1 Category 1 R41 Get:l]ngg 95 6? al
zfl:[f;i;am Based Formulation 10% Solution 1.3 Slight Slight Nonirritant Category IV Nonirritant Get:l]ngg 95 6? al
S}l}:f;;:tant Based Formulation 10% Solution 9.3 Severe Severe Category 1 Category 1 R41 Get:l]ngg 95 6? al
Hagino et al.
Acetic acid 64-19-7 1 10% Solution 24 16.5 | 2.89 Severe 5.00 100.00 1.00 I R41 (1999)/Submitted Y.
Ohno Data
Hagino et al.
Acetic acid 64-19-7 2 10% Solution 24 16 3.92 Severe 1.00 1 R41 (1999)/Submitted Y.
Ohno Data
Hagino et al.
Acetic acid 64-19-7 3 10% Solution 24 | 1725 6.24 Severe Severe 1.00 I R41 (1999)/Submitted Y.
Ohno Data
Hagino et al.
Acetic acid 64-19-7 4 10% Solution 24 19.5 191 Severe 1.00 1 R41 (1999)/Submitted Y.
Ohno Data
Hagino et al.
Acetic acid 64-19-7 5 10% Solution 24 17.5 | 4.04 Severe 1.00 I R41 (1999)/Submitted Y.
Ohno Data
Hagino et al.
Butanol 71-36-3 1 10% Suspension | 7.31 | 825 | 2.87 Moderate 5.00 60.00 1.00 SCNM R41 (1999)/Submitted Y.
Ohno Data
Hagino et al.
Butanol 71-36-3 2 10% Suspension | 7.31 | 10.5 1.91 Severe 1.00 SCNM R41 (1999)/Submitted Y.
Ohno Data
Hagino et al.
Butanol 71-36-3 3 10% Suspension | 7.31 12 0.00 Severe Severe 1.00 SCNM R41 (1999)/Submitted Y.
Ohno Data
Hagino et al.
Butanol 71-36-3 4 10% Suspension | 7.31 12 0.00 Severe 1.00 SCNM R41 (1999)/Submitted Y.
Ohno Data
Hagino et al.
Butanol 71-36-3 5 10% Suspension | 7.31 | 5.75 1.50 Moderate 1.00 SCNM R41 (1999)/Submitted Y.

Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Reference

In Vitro In Vitro # of
Test IS(A IS(A o Overall IS(A GHS EPA EU
Substance Name CASRN L:sb Concentration Physical PH | 1SA)! S(D ) Classil('lcz)atinn Testing Cnncor/;dance Clvaesl:ﬁcatgo; X s X as X e Reference
Tested Form Tested Labs Classification™ | Classification™ [ Classification™
Hagi 1.
Cetyltrimethylammonium . asino et, &
bromide 57-09-0 1 10% Solution 5.89 19 1.63 Severe 5.00 100.00 1.00 I R41 (1999)/Submitted Y.
Ohno Data
Cetyltrimethylammonium . Hagino et. al.
bromide 57-09-0 2 10% Solution 589 | 1325 | 222 Severe 1.00 1 R41 (1999)/Submitted Y.
Ohno Data
Hagi 1.
Cetyltrimethylammonium . asino et, &
bromide 57-09-0 3 10% Solution 589 | 185 1.91 Severe Severe 1.00 I R41 (1999)/Submitted Y.
Ohno Data
Cetyltrimethylammonium . Hagino et. al.
bromid 57-09-0 4 10% Solution 5.89 11 245 Severe 1.00 1 R41 (1999)/Submitted Y.
omide Ohno Data
Hagi 1.
Cetyltrimethylammonium . asino et, &
bromide 57-09-0 5 10% Solution 5.89 9 0.00 Severe 1.00 I R41 (1999)/Submitted Y.
Ohno Data
L Hagino et al.
hlorh 1
C i ‘: :X(f(;?/e g :’C:i’":;e 18472-51:0| 1 10% Solution | 6.56 | 19 | 1.63 Severe 5.00 100.00 2B 11 NI (1999)/Submitted Y.
solutio % solutio Ohno Data
— Hagino et al.
Chlorhexid I t
solu(iirozx(lz (;“/e Sgo‘l’;(l’sz)e 18472510 2 10% Solution | 6.56 | 13.5 | 1.00 Severe 2B it NI (1999)/Submitted Y.
o Ohno Data
L Hagino et al.
hlorh 1
C i ‘: :X(f(;‘/e £ :’C:i’":;e 18472-51-0| 3 10% Solution | 6.56 | 16 | 2.45 Severe Severe 2B 1 NI (1999)/Submitted Y.
solutio % solutio Ohro Data
— Hagino et al.
gﬁ::z"(fé“f fifﬁff?i;e 18472-51.0| 4 10% Solution | 6.56 | 11.75 | 4.86 Severe 2B it NI (1999)/Submitted Y.
o Ohno Data
L Hagino et al.
hlorh 1
Chlorhexidine gluconate 18472-51-0| 5 10% Solution | 656 | 9 | 0.00 Severe 2B 1l NI (1999)/Submitted Y.

solution (20% solution)

Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Reference

In Vitro In Vitro # of o
Substance Name CASRN E:Sl: Concentration Physical PH | IS(A)' ISS(;;) Clasls?l(it:tion Testing Cnncor/;dance (C)lvaesl:tl':clastijlz -GHS s 23 E o s 45 -EU 067 Reference
Tested Form Tested Labs Classification™ | Classification™ [ Classification™
. . Hagino et al.
]s?.lll(fzo ::zz:::;yl) sodium 577-117 | 1 10% Suspension | 6.54 | 10 | 0.00 Severe 5.00 80.00 1.00 I R36 (1999)/Submitted Y.
Ohno Data
. . Hagino et al.
i'l(é) :::zi'::;yl) sodium 577-117 | 2 10% Suspension | 6.54 | 10 | 1.63 Severe 1.00 1 R36 (1999)/Submitted Y.
Ohno Data
. . Hagino et al.
's)u'l(fzo ::zz:::;yl) sodium 577-117 | 3 10% Suspension | 6.54 | 10.25 | 3.50 Severe Severe 1.00 I R36 (1999)/Submitted Y.
Ohno Data
. . Hagino et al.
i'l(é) :::zi'::;yl) sodium 577-11-7 | 4 10% Suspension | 6.54 | 12 | 0.00 Severe 1.00 1 R36 (1999)/Submitted Y.
Ohno Data
. . Hagino et al.
]s?.lll(fzo ::zz:::;yl) sodium 577-117 | 5 10% Suspension | 6.54 | 5 | 0.00 | Moderate 1.00 I R36 (1999)/Submitted Y.
Ohno Data
Hagino et al.
Diisopropanolamine 110-97-4 1 10% Solution [ 11.89| 825 | 2.36 Moderate 5.00 60.00 NI it NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Diisopropanolamine 110-97-4 2 10% Solution | 11.89| 8.5 4.04 Moderate NI I NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Diisopropanolamine 110-97-4 3 10% Solution | 11.89 9 1.15 Severe Moderate NI 1 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Diisopropanolamine 110-97-4 4 10% Solution | 11.89| 12 0.00 Severe NI I NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Diisopropanolamine 110-97-4 5 10% Solution | 11.89 5 0.00 Moderate NI 1 NI (1999)/Submitted Y.

Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Reference

Substance Name

CASRN

Test
Lab

In Vitro
Concentration
Tested

In Vitro
Physical
Form Tested

pH

IS(A)'

1S(A)
SD

IS(A)
Classification

# of
Testing
Labs

%
Concoradance

Overall IS(A)
Classification

GHS

Classification™

EPA

Classification*®

EU

Classification®’

Reference

Domiphen bromide

538-71-6

10%

Solution

6.22

Severe

5.00

100.00

Domiphen bromide

538-71-6

10%

Solution

6.22

15.25

2.36

Severe

Domiphen bromide

538-71-6

10%

Solution

6.22

14.75

1.50

Severe

Domiphen bromide

538-71-6

10%

Solution

6.22

12.25

2.36

Severe

Domiphen bromide

538-71-6

10%

Solution

6.22

1.22

Severe

Severe

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

Ethanol

64-17-5

10%

Solution

59

0.00

Nonirritant

5.00

100.00

Ethanol

64-17-5

10%

Solution

5.9

1.25

Slight

100.00

Ethanol

64-17-5

10%

Solution

59

10.5

1.91

Severe

Ethanol

64-17-5

10%

Solution

5.9

1.73

Slight

Ethanol

64-17-5

10%

Solution

59

1.25

2.50

Slight

Slight

NI

v

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

NI

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

NI

v

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

NI

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

NI

v

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Reference

Substance Name

CASRN

Test
Lab

In Vitro
Concentration
Tested

In Vitro
Physical
Form Tested

pH

IS(A)'

1S(A)
SD

IS(A)
Classification

# of
Testing
Labs

%
Concoradance

Overall IS(A)
Classification

GHS

Classification™

EPA

Classification*®

EU

Classification®’

Reference

Ethanol

64-17-5

100%

Liquid

18.75

Severe

5.00

100.00

Ethanol

64-17-5

100%

Liquid

245

Severe

Ethanol

64-17-5

100%

Liquid

11.5

1.00

Severe

Ethanol

64-17-5

100%

Liquid

0.00

Severe

Ethanol

64-17-5

100%

Liquid

10.5

1.73

Severe

Severe

SCNM

SCNM

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

SCNM

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

SCNM

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

SCNM

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

SCNM

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

Glycolic acid

79-14-1

10%

Solution

1.76

19.5

1.00

Severe

5.00

100.00

Glycolic acid

79-14-1

10%

Solution

20

1.15

Severe

Glycolic acid

79-14-1

10%

Solution

1.76

17.75

3.95

Severe

Glycolic acid

79-14-1

10%

Solution

1.76

12.25

2.36

Severe

Glycolic acid

79-14-1

10%

Solution

1.76

12.75

2.50

Severe

Severe

2B

it

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

111

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

11

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

111

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

11

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Reference

Substance Name

CASRN

Test
Lab

In Vitro
Concentration
Tested

In Vitro
Physical
Form Tested

pH

IS(A)'

1S(A)
SD

IS(A)
Classification

# of
Testing
Labs

%
Concoradance

Overall IS(A)
Classification

GHS

Classification™

EPA

Classification*®

EU

Classification®’

Reference

Lactic acid

50-21-5

10%

Solution

1.94

Severe

5.00

100.00

Lactic acid

50-21-5

10%

Solution

1.94

14.25

2.06

Severe

Lactic acid

50-21-5

10%

Solution

1.94

19.5

1.91

Severe

Lactic acid

50-21-5

10%

Solution

1.94

18.5

1.91

Severe

Lactic acid

50-21-5

10%

Solution

1.94

10.25

2.50

Severe

Severe

SCNM

111

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

it

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

111

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

1

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

111

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

Lactic acid

50-21-5

100%

Liquid

21

0.00

Severe

5.00

80.00

Lactic acid

50-21-5

100%

Liquid

Moderate

Lactic acid

50-21-5

100%

Liquid

1.15

Severe

Lactic acid

50-21-5

100%

Liquid

15.25

2.50

Severe

Lactic acid

50-21-5

100%

Liquid

115

2.89

Severe

Severe

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Reference

Substance Name

CASRN

Test
Lab

In Vitro
Concentration
Tested

In Vitro
Physical
Form Tested

pH

IS(A)'

IS(A)
SD

IS(A)
Classification

# of
Testing
Labs

%
Concoradance

Overall IS(A)
Classification

GHS

Classification™

EPA

Classification*®

EU

Classification®’

Reference

Monoethanolamine

141-43-5

10%

Solution

12.58

Severe

5.00

100.00

Monoethanolamine

141-43-5

10%

Solution

12.58

0.00

Severe

Monoethanolamine

141-43-5

10%

Solution

12.58

0.00

Severe

Monoethanolamine

141-43-5

10%

Solution

12.58

0.00

Severe

Monoethanolamine

141-43-5

10%

Solution

12.58

0.00

Severe

Severe

2B

111

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

it

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

111

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

11

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

111

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

Potassium laurate

10124-65-9

10%

Solution

10.49

20

1.15

Severe

5.00

100.00

Potassium laurate

10124-65-9

10%

Solution

10.49

13.25

2.50

Severe

100.00

Potassium laurate

10124-65-9

10%

Solution

10.49

0.00

Severe

Potassium laurate

10124-65-9

10%

Solution

10.49

0.00

Severe

Potassium laurate

10124-65-9

10%

Solution

10.49

19.33

0.82

Severe

Severe

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Reference

In Vitro In Vitro #of
Test IS(A IS(A ) Overall IS(A GHS EPA EU
Substance Name CASRN L:sb Concentration Physical PH | 1SA)! S(D ) Classil('lcz)atinn Testing Cnnco:;dance Clvaesl:ﬁcatgo; X s X as X e Reference
Tested Form Tested Labs Classification™ | Classification™ [ Classification™
Stearyltrimethylammonium Hagino et al.
Y Y 15461-40-2| 1 10% Solution 424 | 1675 | 2.06 Severe 5.00 100.00 1.00 I R41 (1999)/Submitted Y.
chloride
Ohno Data
Stearyltrimethylammonium Hagino et al.
hi :?,d 4 15461-40-2 2 10% Solution 4.24 13 2.00 Severe 6.00 100.00 1.00 1 R41 (1999)/Submitted Y.
oo Ohno Data
Stearyltrimethylammonium Hagino et al.
Y 4 15461-40-2| 3 10% Solution | 424 | 15.75 | 3.50 Severe Severe 1.00 I R41 (1999)/Submitted Y.
chloride
Ohno Data
Stearyltrimethylammonium Hagino et al.
r,y Y 15461-40-2 4 10% Solution 424 | 13.5 1.00 Severe 1.00 1 R41 (1999)/Submitted Y.
chloride
Ohno Data
Stearyltrimethylammonium Hagino et al.
Y y 15461-40-2| 5 10% Solution 4.24 9 0.00 Severe 1.00 I R41 (1999)/Submitted Y.

chloride

Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Reference

In Vitro In Vitro # of o
Substance Name CASRN E:Sl: Concentration Physical PH | IS(A)' ISS%) Clasls?I('l[::tion Testing Cnncor/:dance (C)lvaesl;?tl':clastijlz ?HS s 23 .EPA s 45 -EU 067 Reference
Tested Form Tested Labs Classification™ | Classification™ [ Classification™
Hagino et al.
Triethanolamine 102-71-6 1 10% Solution [ 11.26| 1.5 2.38 Slight 5.00 80.00 NI v NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Triethanolamine 102-71-6 2 10% Solution | 11.26( 3.75 | 4.79 Slight 6.00 66.00 NI v NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Triethanolamine 102-71-6 3 10% Solution | 11.26 11 1.15 Severe NI v NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Triethanolamine 102-71-6 4 10% Solution 11.26 6 1.63 Moderate NI v NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Triethanolamine 102-71-6 5 10% Solution [ 11.26| 2.5 2.89 Slight NI v NI (1999)/Submitted Y.
Moderate Ohu?o Data
Hagino et al.
Triethanolamine 102-71-6 1 100% Liquid 5 0.00 Moderate 5.00 60.00 NI 11 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Triethanolamine 102-71-6 2 100% Liquid 6.75 3.50 Moderate NI 11 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Triethanolamine 102-71-6 3 100% Liquid 11.5 1.00 Severe NI 1 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Triethanolamine 102-71-6 4 100% Liquid 12 0.00 Severe NI 111 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Triethanolamine 102-71-6 5 100% Liquid 6.75 3.50 Moderate NI 1 NI (1999)/Submitted Y.
Ohno Data
Ethanol 64-17-5 10% Solution 7.2 4 Slight NI v NI Kojima et al. (1995)
Potassium laurate 10124-65-9 10% Solution 9.4 14.3 Severe 1.00 1 R41 Kojima et al. (1995)
Sodium lauryl sulfate 151-21-3 10% Solution 5.4 7.5 Moderate Severe 1.00 1 R41 Kojima et al. (1995)
S;Tz;y;:'memylamm"mum 15461-40-2 10% Solution | 5.5 | 19.3 Severe 1.00 1 R4l Kojima et al. (1995)
Triton X-100 9002-93-1 10% Solution 5.75 5 Moderate Moderate 1.00 11 SCNM Kojima et al. (1995)
Abbreviations: CASRN = Chemical Abstracts Service Registry Number; Conc. = C EPA=U.S. Envi I Protection Agency; EU = European Union; GHS = Globally Harmonized System; SCNM - Study Criteria Not Met.

'IS(A) represents irritation scores that were calculated using the method described in Leupke (1985); classification scheme used as described in Leupke (1985).
? GHS=Globally Harmonized System (UN [20031)
* Eve Irritant Category 1 = irreversible effects on the eye/serious damage to the eye: Category 2A = reversible effects on the eye/irritating to the eyes; Category 2B = reversible effects on the eye/mildly irritating to the eyes: Nonirritant = not an eye
*EPA=U.S. Environmental Protection Agency (EPA [1996]).

*Toxicity Category I for the Primary Eye Irritation Study = Corrosive, or corneal involvement or irritation not reversible within 21 days; Category I = Corneal involvement or irritation clearing in 8-21 days; Category Il = Corneal involvement or irritation clearing in 1-7 daysl; Category IV: minimal effects clearing in less than

24 hr

¢ EU=European Union (EU [20011).

"Risk phrase R41 = risk of serious damage to the eves: R36 = irritating to the eyes: nonirritant = not an eve irritant.
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In Vitro Data for the IS(A) Analysis Method: by Substance
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In Vitro Data for the IS(A) Analysis Method: by Substance

Substance Name

CASRN

Test
Lab

In Vitro
Concentration
Tested

In Vitro
Physical
Form Tested

pH

IS(A)'

IS(A)
SD

IS(A)
Classification

# of
Testing
Labs

%
Concoradance

Overall IS(A)
Classification

GHS

Classification™

EPA

Classification**

EU

Classification®’

Reference

Acetic acid

64-19-7

10%

Solution

24

Severe

5.00

100.00

Acetic acid

64-19-7

10%

Solution

24

Severe

Acetic acid

64-19-7

10%

Solution

24

17.25

6.24

Severe

Acetic acid

64-19-7

10%

Solution

24

1.91

Severe

Acetic acid

64-19-7

10%

Solution

24

4.04

Severe

Severe

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

Butanol

71-36-3

10%

Suspension

7.31

Moderate

5.00

60.00

Butanol

71-36-3

10%

Suspension

7.31

1.91

Severe

Butanol

71-36-3

10%

Suspension

7.31

Severe

Butanol

71-36-3

10%

Suspension

7.31

Severe

Butanol

71-36-3

10%

Suspension

7.31

5.75

Moderate

Severe

SCNM

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

Cetyltrimethylammonium

bromide

57-09-0

10%

Solution

1.63

Severe

5.00

100.00

Cetyltrimethylammonium

bromide

57-09-0

10%

Solution

5.89

13.25

222

Severe

Cetyltrimethylammonium

bromide

57-09-0

10%

Solution

5.89

18.5

1.91

Severe

Cetyltrimethylammonium

bromide

57-09-0

10%

Solution

5.89

245

Severe

Cetyltrimethylammonium

bromide

57-09-0

10%

Solution

5.89

0.00

Severe

Severe

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Substance

In Vitro

In Vitro

# of

Test IS(A) IS(A ° Overall IS(A] GHS EPA EU
Substance Name CASRN es Concentration Physical pH IS(A)' (4) ,( ) . Testing % Ven,l ( ) Reference
Lab Tested Form Tested SD | Classification Labs Concoradance | Classification | Classification?® | Classification®® | Classification®’
- Hagino et al.
hlorh |
C i ‘: :X(‘;(;f/e g :’C;’“:;e 18472-51:0| 1 10% Solution | 6.56 | 19 | 1.63 Severe 5.00 100.00 2B I NI (1999)/Submitted Y.
Solutioi o SOlIut10] Ohno Dalal
L Hagino et al.
hlorh |
SCO lu‘;rozx(f(;‘/e i?&??:;e 18472-51-0| 2 10% Solution | 6.56 | 13.5 | 1.00 Severe 2B i NI (1999)/Submitted Y.
° Ohno Data
L Hagino et al.
hlorh |
C i ‘: :X(‘;(;f/e g :’C;’“:;e 18472-51-0| 3 10% Solution | 6.56 | 16 | 2.45 Severe Severe 2B I NI (1999)/Submitted Y.
Solutioi o SOlut10] Ohno Data
— Hagino et al.
Chlorhexidine gluconat
Solu‘zoz"(lz (;“/e Sgo‘l’izsz)e 18472-51-0| 4 10% Solution | 6.56 | 11.75 | 4.86 Severe 2B 1l NI (1999)/Submitted Y.
() Ohno Data
— Hagino et al.
hlorh |
SCO lu‘;ro:x(f(;‘/e fo?:::::;e 18472:51-0| 5 10% Solution | 656 | 9 | 0.00 Severe 2B i NI (1999)/Submitted Y.
o Ohno Data
. . Hagino et al.
Di(2-ethylhexyl
'l(f ot yine:‘y ) sodium 577-117 | 1 10% Suspension | 6.54 | 10 | 0.00 Severe 5.00 80.00 1.00 1 R36 (1999)/Submitted Y.
sultosuccinate Ohno Data
: : Hagino et al.
Di(2-ethylhexyl
Su'l(fose:czin:;y ) sodium 577-117 | 2 10% Suspension | 6.54 | 10 | 1.63 Severe 1.00 I R36 (1999)/Submitted Y.
Ohno Data
. . Hagino et al.
Di(2-ethylhexyl) sod
Su‘l(foseuczin;’;y ) sodium 577-117 | 3 10% Suspension | 6.54 | 10.25 | 3.50 Severe Severe 1.00 I R36 (1999)/Submitted Y.
Ohno Data
. . Hagino et al.
Di(2-ethylhexyl) sod
Su‘l(foseuczin;’;y ) sodium 577-117 | 4 10% Suspension | 6.54 | 12 | 0.00 Severe 1.00 I R36 (1999)/Submitted Y.
Ohno Data
. . Hagino et al.
Di(2-ethylhexyl
'l(f ot yine:‘y ) sodium 577-117 | 5 10% Suspension | 6.54 | 5 | 0.00 | Moderate 1.00 1 R36 (1999)/Submitted Y.
sultosuccinate Ohno Data
Hagino et al.
Diisopropanolamine 110-97-4 1 10% Solution [ 11.89| 825 | 2.36 Moderate 5.00 60.00 NI 111 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Diisopropanolamine 110-97-4 2 10% Solution [ 11.89| 8.5 4.04 Moderate NI 111 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Diisopropanolamine 110-97-4 3 10% Solution | 11.89 9 1.15 Severe Moderate NI 111 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Diisopropanolamine 110-97-4 4 10% Solution | 11.89 | 12 0.00 Severe NI 111 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Diisopropanolamine 110-97-4 5 10% Solution | 11.89 5 0.00 Moderate NI 111 NI (1999)/Submitted Y.

Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Substance

Substance Name

CASRN

Test
Lab

In Vitro
Concentration
Tested

In Vitro
Physical
Form Tested

pH

IS(A)'

IS(A)
SD

IS(A)
Classification

# of
Testing
Labs

%
Concoradance

Overall IS(A)
Classification

GHS

Classification™

EPA

Classification**

EU

Classification®’

Reference

Domiphen bromide

538-71-6

10%

Solution

Severe

5.00

100.00

Domiphen bromide

538-71-6

10%

Solution

15.25

Severe

Domiphen bromide

538-71-6

10%

Solution

14.75

Severe

Domiphen bromide

538-71-6

10%

Solution

12.25

Severe

Domiphen bromide

538-71-6

10%

Solution

1.22

Severe

Severe

1.00

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

Ethanol

64-17-5

10%

Solution

59

0.00

Nonirritant

5.00

100.00

Ethanol

64-17-5

10%

Solution

59

1.25

2.50

Slight

6.00

100.00

Ethanol

64-17-5

10%

Solution

59

10.5

1.91

Severe

Ethanol

64-17-5

10%

Solution

59

1.73

Slight

Ethanol

64-17-5

10%

Solution

59

1.25

2.50

Slight

Ethanol

64-17-5

10%

Solution

7.2

Slight

Slight

NI

NI

Hagino et al.
(1999)/Submitted Y.

NI

NI

Hagino et al.
(1999)/Submitted Y.

NI

NI

Hagino et al.
(1999)/Submitted Y.

NI

NI

Hagino et al.
(1999)/Submitted Y.

NI

NI

Hagino et al.
(1999)/Submitted Y.

NI

NI

Kojima et al. (1995)

Ethanol

64-17-5

100%

Liquid

18.75

Severe

5.00

100.00

Ethanol

64-17-5

100%

Liquid

245

Severe

Ethanol

64-17-5

100%

Liquid

11.5

Severe

Ethanol

64-17-5

100%

Liquid

Severe

Ethanol

64-17-5

100%

Liquid

Severe

Severe

SCNM

SCNM

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

SCNM

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

SCNM

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

SCNM

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

SCNM

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Substance

Substance Name

CASRN

Test
Lab

In Vitro
Concentration
Tested

In Vitro
Physical
Form Tested

pH

IS(A)'

IS(A)
SD

IS(A)
Classification

# of
Testing
Labs

%
Concoradance

Overall IS(A)
Classification

GHS

Classification™

EPA

Classification**

EU

Classification®’

Reference

Glycolic acid

79-14-1

10%

Solution

1.00

Severe

5.00

100.00

Glycolic acid

79-14-1

10%

Solution

1.76

20

1.15

Severe

Glycolic acid

79-14-1

10%

Solution

1.76

17.75

Severe

Glycolic acid

79-14-1

10%

Solution

1.76

12.25

Severe

Glycolic acid

79-14-1

10%

Solution

1.76

12.75

Severe

Severe

2B

111

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

111

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

111

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

111

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

2B

111

NI

Hagino et al.
(1999)/Submitted Y.
Ohno Data

Lactic acid

50-21-5

10%

Solution

Severe

5.00

100.00

Lactic acid

50-21-5

10%

Solution

1.94

14.25

Severe

Lactic acid

50-21-5

10%

Solution

1.91

Severe

Lactic acid

50-21-5

10%

Solution

1.91

Severe

Lactic acid

50-21-5

10%

Solution

10.25

Severe

Severe

SCNM

111

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

111

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

111

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

111

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

SCNM

111

SCNM

Hagino et al.
(1999)/Submitted Y.
Ohno Data

Lactic acid

50-21-5

100%

Liquid

21

Severe

5.00

80.00

Lactic acid

50-21-5

100%

Liquid

Moderate

Lactic acid

50-21-5

100%

Liquid

1.15

Severe

Lactic acid

50-21-5

100%

Liquid

15.25

Severe

Lactic acid

50-21-5

100%

Liquid

11.5

Severe

Severe

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data

R41

Hagino et al.
(1999)/Submitted Y.
Ohno Data




In Vitro Data for the IS(A) Analysis Method: by Substance

In Vitro In Vitro # of
Test IS(A IS(A) ° Overall IS(A GHS EPA EU
Substance Name CASRN es Concentration Physical pH IS(A)' (4) ,( ) . Testing % Ven,l ( ) Reference
Lab Tested Form Tested SD | Classification Labs Concoradance | Classification | Classification?® | Classification®® | Classification®’
Hagino et al.
Monoethanolamine 141-43-5 1 10% Solution | 12.58| 12 0.00 Severe 5.00 100.00 2B 11 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Monoethanolamine 141-43-5 2 10% Solution 12.58| 12 0.00 Severe 2B 11 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Monoethanolamine 141-43-5 3 10% Solution 12.58| 12 0.00 Severe Severe 2B 11 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Monoethanolamine 141-43-5 4 10% Solution | 12.58| 12 0.00 Severe 2B 11 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.
Monoethanolamine 141-43-5 5 10% Solution 12.58| 12 0.00 Severe 2B 11 NI (1999)/Submitted Y.
Ohno Data
i 1.
Oil/Water Emulsion-HZA 100% Solution 0 Nonirritant Nonirritant Nonirritant Category III Nonirritant Ge‘;?gg;‘? a
Oil/Water Emulsion-HZC 100% Solution 0.283 Nonirritant Nonirritant Nonirritant Category 111 Nonirritant GEt?ln;";:)t al.
i 1.
Oil/Water Emulsion-HZE 100% Solution 0.533 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Ge‘;?gg;‘? &
Oil/Water Emulsion-HZF 100% Solution 7.33 Moderate Moderate Nonirritant Category 111 Nonirritant GEt?ln;";:)t al.
i 1.
Oil/Water Emulsion-HZH 100% Solution 17.8 Severe Severe Nonirritant Category III Nonirritant Getzlrgggs;;t a
Oil/Water Emulsion-HZI 100% Solution 1.97 Slight Slight Nonirritant Category IV Nonirritant GEt?ln;";:)t al.
i 1.
Oil/Water Emulsion-HZJ 100% Solution 0.917 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Ge‘;?gg;‘? a
Oil/Water Emulsion-HZL 100% Solution 4.83 Slight Slight Nonirritant Category 111 Nonirritant GEt?ln;";:)t al.
i 1.
Oil/Water Emulsion-HZM 100% Solution 8.33 Moderate Moderate Nonirritant Category III Nonirritant Ge‘;?gg;‘? a
Oil/Water Emulsion-HZN 100% Solution 3.33 Slight Slight Nonirritant Category IV Nonirritant GEt?ln;";:)t al.
i 1.
Oil/Water Emulsion-HZO 100% Solution 0.5 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Ge‘;?gg;‘? a
Oil/Water Emulsion-HZR 100% Solution 10.6 Severe Severe Category 1 Category 1 R41 GEt?ln;";:)t al.
i 1.
Oil/Water Emulsion-HZS 100% Solution 11.6 Severe Severe Nonirritant Category IV Nonirritant Getzlrgggs;;t a
Oil/Water Emulsion-HZT 100% Solution 4.1 Slight Slight Nonirritant Category IV Nonirritant GEt?ln;";:)t al.
i 1.
Oil/Water Emulsion-HZU 100% Solution 0 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Gettings et a

(1994)




In Vitro Data for the IS(A) Analysis Method: by Substance

In Vitro In Vitro # of
Test IS(A IS(A ° GHS EPA EU
Substance Name CASRN es Concentration Physical pH IS(A)' (4) ,( ) . Testing % Overz.lll ISSA) Reference
Lab Tested Form Tested SD | Classification Labs Concoradance | Classification | Classification?® | Classification®® | Classification®’
Oil/Water Emulsion-HZV 100% Solution 0.6 Nonirritant Nonirritant Nonirritant Category III Nonirritant Get?&ggs;[ al.
Oil/Water Emulsion-HZW 100% Solution 0.167 Nonirritant Nonirritant Nonirritant Category 111 Nonirritant Ga?;f’;:)t al
Oil/Water Emulsion-HZY 100% Solution 17 Severe Severe Nonirritant Category IV Nonirritant Get?&ggs;[ al.
Potassium laurate 10124-659| 1 10% Solution | 1049| 20 | 1.15 Severe 5.00 100.00 1.00 1 R41 1o ;j/gsl’:;r:ile oy
Potassium laurate 10124-659| 2 10% Solution | 10.49| 13.25 | 2.50 Severe 6.00 100.00 1.00 1 R41 a 9;?8”:;‘:315 oy
Potassium laurate 10124-65-9| 3 10% Solution | 1049| 12 | 0.00 Severe 1.00 I R41 Hagino ct al.
(1999)/Submitted Y.
Severe Hagino et al
Potassium laurate 10124-65-9| 4 10% Solution | 10.49( 12 0.00 Severe 1.00 I R41 (l999)/gSubmittéd v
Potassium laurate 10124-659| 5 10% Solution | 10.49| 19.33 | 0.82 Severe 1.00 1 R41 a ggjf‘sl’:;r:ile iy
Potassium laurate 10124-65-9 10% Solution 9.4 14.3 Severe 1.00 I R41 Kojima et al. (1995)
Sodium lauryl sulfate 151-21-3 10% Solution 5.4 7.5 Moderate Severe 1.00 I R41 Kojima et al. (1995)
Stearyltrimethylammonium o . Hagino et‘ al.
chloride 15461-40-2 1 10% Solution 424 1 16.75 | 2.06 Severe 5.00 100.00 1.00 1 R41 (1999)/Submitted Y.
Ohno Data
Stearyltrimethylammonium o . Hagino etA al.
chloride 15461-40-2 2 10% Solution 4.24 13 2.00 Severe 6.00 100.00 1.00 1 R41 (1999)/Submitted Y.
Ohno Data
Stearyltrimethylammonium o . Hagino etA al.
chloride 15461-40-2 3 10% Solution 424 | 1575 | 3.50 Severe 1.00 1 R41 (1999)/Submitted Y.
Severe Ohno Data
Stearyltrimethylammonium o . Hagino etA al.
chloride 15461-40-2 4 10% Solution 424 | 135 1.00 Severe 1.00 1 R41 (1999)/Submitted Y.
Ohno Data
. . Hagino et al.
Stearyltrimethyl i
Sy memmOTKT | 15461-40-2| S 10% Solution | 424 | 9 | 0.00 Severe 1.00 1 R4l (1999)/Submitted Y.
Ohno Data
St Itrimethy. i
chiz:iydenme Yiammonim 4 5461-40-2 10% Solution 55 | 193 Severe 1.00 I R4l Kojima et al. (1995)
Surfactant Based F lati i .
lrj};;;an ased Formutation 10% Solution 7.8 Moderate Moderate Category 1 Category I R41 GEt?ln‘f’; 66; al
Surfactant Based F lati . . . i .
23;;;2“1 ased Formuiation 10% Solution 4.8 Slight Slight Category 1 Category I R41 Ga?;f’;:)t al
Surfactant Based F lati i - T
;:l;ccan ased Formutation 10% Solution 9.5 Severe Severe Category 1 Category I R41 Getzllngggs Ge)t &
Surfactant Based F lati . i .
4“};;;;“1 ased Formuiation 10% Solution 52 Moderate Moderate Category 2B Category 111 Nonirritant Ga?;f’;:)t al




In Vitro Data for the IS(A) Analysis Method: by Substance

In Vitro In Vitro
Substance Name CASRN E:Sl: Concentration | Physical PH | IS(A)' ISS(;;) Clasls?I('l[::tion Te#st(:lfmg Cnnco‘:"/; dance (C)l‘:s rs?tl':clastfoAl: .GHS s _EPA s _EU e Reference
Tested Form Tested Labs Classification™ | Classification™ | Classification™
?‘:;::“’m Based F"“““la‘i"“ 10% Solution 38 Slight Slight SCNM Category I SCNM Ge‘?l“fgs ;)‘ al.
Zi]:;;tam Based Fonnulatfon 10% Solution 8.3 Moderate Moderate Category 1 Category I R41 GEt?ln;";:)t al.
ilglf;gant Based Formulatfon 10% Solution 6.3 Moderate Moderate Category 1 Category I R41 Getzilngggs Ge)t al.
zi]}flf;gam Based Fonnulatfon 10% Solution 1.3 Slight Slight Nonirritant Category IV Nonirritant GEt?ln;";:)t al.
?}f{f;?aﬂt Based Formulatfon 10% Solution 9.3 Severe Severe Category 1 Category I R41 Getzilngggs Ge)t al.
?gff; ;Iant Based Fonnulatfon 10% Solution 22 Slight Slight Nonirritant Category IV Nonirritant Gaziln;";:)t al.
]S;l_r;a;:z(mt Based Formulatfon 10% Solution 8.8 Moderate Moderate Category 1 Category I R41 Getzilngggs Ge)t al.
?;i??fm Based Fonnulatfon 10% Solution 9.6 Severe Severe Category 1 Category I R41 Gaziln;";:)t al.
]S;"]f:‘;;["t Based Formulation 10% Solution 41 Slight Slight Category 1 Category 1 R4l Ge‘zilngg; 66)‘ al.
]S:f]?;ﬁm Based Formulation 10% Solution 6.1 Moderate Moderate Category 1 Category I R41 Getzilngggs Ge)t al.
?l;f; ;t;.nt Based Fonnulatfon 10% Solution 4.7 Slight Slight Nonirritant Category I11 Nonirritant Gaziln;";:)t al.
]Szr]fj‘;gm Based Formulation 10% Solution 49 Slight Slight Nonirritant | Category Il | Nonirritant Ge‘?l“fgs ;)‘ al.
?;Jff; ?}:m Based Fonnulatfon 10% Solution 7.7 Moderate Moderate Category 1 Category I R41 GEt?ln;";:)t al.
]S;f]fj;?m Based Formulatfon 10% Solution 8.8 Moderate Moderate Category 1 Category I R41 Getzilngggs Ge)t al.
?;ff; ;t_;m Based Fonnulatfon 10% Solution 0.2 Nonirritant Nonirritant Nonirritant Category IV Nonirritant GEt?ln;";:)t al.
g(‘)“]f_?;‘l‘jm Based Formulation 10% Solution 3.7 Slight Slight Category 2B | Category IIT R36 Ge‘?l“fgs ;)‘ al.
illjff;?:;m Based Fonnulatfon 10% Solution 7.7 Moderate Moderate Category 1 Category I R41 GEt?ln;";:)t al.
i;f]?;[\j?t Based Formulatfon 10% Solution 7.8 Moderate Moderate Category 1 Category I R41 Getzilngggs Ge)t al.
igff;?;m Based Fonnulatfon 10% Solution 9 Severe Severe Category 1 Category I R41 GEt?ln;";:)t al.
i:f]fj;?m Based Formulatfon 10% Solution 8.7 Moderate Moderate Category 1 Category I R41 Getzilngggs Ge)t al.
Surfactant Based Formulation 10% Solution 0.7 Nonirritant Nonirritant Nonirritant Category IV Nonirritant Gettings ctal.

25-HZZ

(1996)




In Vitro Data for the IS(A) Analysis Method: by Substance

In Vitro In Vitro # of o
Substance Name CASRN E:Sl: Concentration Physical PH 1 1S(a)' ISS(g) Clasls?l({:e)xtion Testing Concof;dance 21":::::;515012 F;HS ton? 4EPA 0 ds -EU 6T Reference
Tested Form Tested Labs Classification™ | Classification™ | Classification™

Triethanolamine 102-71-6 10% Solution 10.75 Severe NI v NI Bagley et al. (1992)
Hagino et al.

Triethanolamine 102-71-6 1 10% Solution | 11.26| 1.5 2.38 Slight 5.00 80.00 NI v NI (1999)/Submitted Y.
Ohno Data
Hagino et al.

Triethanolamine 102-71-6 2 10% Solution | 11.26( 3.75 | 4.79 Slight 6.00 66.00 NI v NI (1999)/Submitted Y.
Ohno Data
Slight Hagino et al.

Triethanolamine 102-71-6 3 10% Solution 11.26 11 1.15 Severe NI v NI (1999)/Submitted Y.
Ohno Data
Hagino et al.

Triethanolamine 102-71-6 4 10% Solution 11.26 6 1.63 Moderate NI v NI (1999)/Submitted Y.
Ohno Data
Hagino et al.

Triethanolamine 102-71-6 5 10% Solution | 11.26| 2.5 2.89 Slight NI v NI (1999)/Submitted Y.
Ohno Data
Hagino et al.

Triethanolamine 102-71-6 1 100% Liquid 5 0.00 Moderate 5.00 60.00 NI 111 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.

Triethanolamine 102-71-6 2 100% Liquid 6.75 3.50 Moderate NI 111 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.

Triethanolamine 102-71-6 3 100% Liquid 11.5 1.00 Severe Moderate NI 111 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.

Triethanolamine 102-71-6 4 100% Liquid 12 0.00 Severe NI 111 NI (1999)/Submitted Y.
Ohno Data
Hagino et al.

Triethanolamine 102-71-6 5 100% Liquid 6.75 3.50 Moderate NI 111 NI (1999)/Submitted Y.
Ohno Data

Triton X-100 9002-93-1 1% Solution 9 Severe Severe NI v NI Bagley et al. (1992)

Triton X-100 9002-93-1 10% Solution 5.75 5 Moderate Moderate 1.00 I SCNM Kojima et al. (1995)

Abbreviations: CASRN = Chemical Abstracts Service Registry Number; Conc. = Concentration; EPA = U.S. Environmental Protection Agency; EU = European Union; GHS = Globally Harmonized System; SCNM - Study Criteria Not Met.

"IS(A) renresents irritation scores that were calculated nsine the method described in T.ennke (1985): classification scheme used as described in T.eunke (1985)
2 GHS=Globallv Harmonized Svstem (UN 120031
3 Fve Trritant Catesorv 1 = irreversible effects on the eve/serions damage to the eve: Catesorv 2A = reversible effects on the eve/irritatine to the eves: Catesorv 2B = reversible effects on the eve/mildlv irritating to the eves: Nonirritant = not an eve
4EPA=1] S. Fnvironmental Protection Asencv (EPA [19961)

* Toxicity Category I for the Primary Eye Irritation Study = Corrosive, or corneal involvement or irritation not reversible within 21 days; Category Il = Corneal involvement or irritation clearing in 8-21 days; Category IIl = Corneal involvement or irritation clearing in 1-7
davsl: Categorv IV: minimal effects clearing in less than 24 hr
®EU=Furonean Union (EU 120011

"Risk nhrase R41 = risk of serious damase to the eves: R36 = irritating to the eves: nonirritant = not an eve irritant
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Comparison of In Vivo and In Vitro Ocular Irritancy Classifications: Sorted by Reference

In Vivo
In Vitro
InVitro | InVivo |\ vical | Physical | In Vivo (GHS) | In Vivo (EPA) | In Vivo (EV) e
Substance Name CASRN Conc. Conc. Class Form Classification'? | Classification™ | Classification®® Classification | prg4 299 | FHSA-67%’ Reference
T Te assification’, assification™ assification™ ;
ested ested Tested (IS(A))
Triton X-100 9002-93-1 1% 1% Ether Solution Nonirritant Category 111 Nonirritant Severe Irritant Inconclusive Bagley et al. (1992)
Oil/Water Emulsion-HZA Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Nonirritant Irritant Inconclusive | Gettings et al. (1994)
Oil/Water Emulsion-HZC Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Nonirritant Irritant Inconclusive | Gettings et al. (1994)
Oil/Water Emulsion-HZE Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZF Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Moderate Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZH Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Severe Irritant Irritant Gettings et al. (1994)
Oil/Water Emulsion-HZI Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZJ Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZL Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Slight Irritant Irritant Gettings et al. (1994)
Oil/Water Emulsion-HZM Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Moderate Irritant Irritant Gettings et al. (1994)
Oil/Water Emulsion-HZN Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZO Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZR Undiluted | Undiluted | Formulation | Solution Category 1 Category | R41 Severe Irritant Irritant Gettings et al. (1994)
Oil/Water Emulsion-HZS Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Severe Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZT Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZU Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZV Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Nonirritant Irritant Inconclusive | Gettings et al. (1994)
Oil/Water Emulsion-HZW Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Nonirritant Irritant Irritant Gettings et al. (1994)
Oil/Water Emulsion-HZY Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Severe Not labeled Not labeled Gettings et al. (1994)
Surfactant Based . . . . . .
R 10% Undiluted | Formulation | Solution Category 1 Category | R41 Moderate Irritant Irritant Gettings et al. (1996)
Formulation 1-HZA
f B . . . . . . .
Sur actan_t ased 10% Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled Gettings et al. (1996)
Formulation 10-HZJ
f B . . . . . .
Surfactant Based 10% Undiluted | Formulation | Solution Category 1 Category | R41 Moderate Irritant Irritant Gettings et al. (1996)

Formulation 11-HZK




Comparison of In Vivo and In Vitro Ocular Irritancy Classifications: Sorted by Reference

In Vivo
In Vit
In Vitro | In Vivo | cpomical | Physical | In Vivo (GHS) | InVivo (EPA) | InVivo BU) | " 07
Substance Name CASRN Conc. Conc. Class Form ' 4 56 assification | pre s sn0cs | FHSA-67%° Reference
Classification’,” | Classification™ | Classification™ 5
Tested Tested Tested AS(A))
Surfactant Based 10% Undiluted | Formulation | Solution Category 1 Category | R41 Severe Irritant Irritant Gettings et al. (1996)
Formulation 12-HZL ’ gory gory g .
Surfactant Based
Formulation 13-HZM 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Slight Irritant Irritant Gettings et al. (1996)
Surfactant Based
o . . . . . .
Formulation 14-HZN 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
Surfactant Based
Formulation 15-HZP 10% Undiluted | Formulation | Solution Nonirritant Category III Nonirritant Slight Irritant Inconclusive | Gettings et al. (1996)
Surfactant Based
Formulation 16-HZQ 10% Undiluted | Formulation | Solution Nonirritant Category III Nonirritant Slight Irritant Irritant Gettings et al. (1996)
Surfactant Based
o . . . . . .
Formulation 17-HZR 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
Surfactant Based
o . . . . . .
Formulation 18-HZS 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
Surfactant Based
urtac ag ase 10% Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1996)
Formulation 19-HZT
Surfactant Based
Formulation 2-HZB 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Slight Irritant Irritant Gettings et al. (1996)
Surfactant Based
Formulation 20-HZU 10% Undiluted | Formulation | Solution Category 2B Category III R36 Slight Irritant Irritant Gettings et al. (1996)
Surfactant Based
o . . . . . .
Formulation 21-HZV 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
Surfactant Based
o . . . . . .
Formulation 22-HZW 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
Surfactant Based
o . . . . . .
Formulation 23-HZX 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Severe Irritant Irritant Gettings et al. (1996)
Surfactant Based
o . . . . . .
Formulation 24-HZY 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
Surfactant Based
urtac ag ase 10% Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1996)
Formulation 25-HZZ
Surfactant Based
o . . . . . .
Formulation 3-HZC 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Severe Irritant Irritant Gettings et al. (1996)
Surfactant Based
Formulation 4-HZD 10% Undiluted | Formulation | Solution Category 2B Category III Nonirritant Moderate Irritant Irritant Gettings et al. (1996)
Surfactant Based ) - ] -
urlac 2‘9 ase 10% Undiluted | Formulation [ Solution SCNM Category | SCNM Slight Irritant Inconclusive Gettings et al. (1996)
Formulation 5-HZE
Surfactant Based
o . . . . . .
Formulation 6-HZF 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
Surfactant Based
o . . . . . .
Formulation 7-HZG 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
Surfactant Based ) -
urtac ag ase 10% Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled Gettings et al. (1996)
Formulation 8-HZH
Surfactant Based
uriaciant Base 10% Undiluted | Formulation | Solution Category 1 Category | R41 Severe Irritant Irritant Gettings et al. (1996)

Formulation 9-HZI




Comparison of In Vivo and In Vitro Ocular Irritancy Classifications: Sorted by Reference

In Vivo
In Vit
InVitro | InVivo | vical | Physical | In Vivo (GHS) | In Vivo (EPA) | In Vivo (EU) a " rt "o
Substance Name CASRN Conc. Conc. Class Form Classification'? | Classification™ | Classification®® assification FHSA-20%° | FHSA-67%’ Reference
Te Te assification’, assification™ assification™ 5
ested ested Tested (IS(A))
. Hagino et al.
- Carboxylic . . . .
Acetic acid 64-19-7 10% 10% acid Solution Category 1 Category 1 R41 Severe Irritant Irritant (1999)/Submitted Y.
Ohno Data
Hagino et al.
Butanol 71-36-3 10% 10% Alcohol Solution Category 1 SCNM R41 Severe Irritant Irritant (1999)/Submitted Y.
Ohno Data
. . . Hagino et al.
Cetyltrimethyl. O It
etylirimethylammoniuim 57-09-0 10% 10% | EMOSEL qolution | Category 1 Category I R4l Severe Irritant Irritant (1999)/Submitted Y.
bromide Onium
Ohno Data
- - Hagino et al.
Chlorhexidi i\ It Amidi
or' exicine & uco‘na ¢ 18472-51-0 10% 10% midine, Solution Category 2B Category II Nonirritant Severe Irritant Irritant (1999)/Submitted Y.
Solution (20% Solution) Ester
Ohno Data
Organic salt,
. . Sulfur Hagino et al.
Di(2-ethylhexyl) sod . . . .
i(2-e y. exyl) sodium 577-11-7 10% 10% containing | Solution Category 1 Category | R36 Severe Irritant Irritant (1999)/Submitted Y.
sulfosuccinate
compound, Ohno Data
Ester
Amine. Hagino et al.
Diisopropanolamine 110-97-4 10% 10% Alcoh ,I Solution Nonirritant Category III Nonirritant Moderate Irritant Irritant (1999)/Submitted Y.
cono Ohno Data
. Hagino et al.
. . Organic salt, . . . .
Domiphen bromide 538-71-6 10% 10% Onium. Ether Solution Category 1 Category 1 R41 Severe Irritant Irritant (1999)/Submitted Y.
? Ohno Data
Hagino et al.
Ethanol 64-17-5 100% 100% Alcohol Liquid SCNM SCNM SCNM Severe Irritant Irritant (1999)/Submitted Y.
Ohno Data
. Hagino et al.
. X Carboxylic . L. . . .
Glycolic acid 79-14-1 10% 10% id. Alcohol Solution Category 2B Category III Nonirritant Severe Irritant Irritant (1999)/Submitted Y.
1
acid, Aeonio Ohno Data
. Hagino et al.
. . Carboxylic . . . .
Lactic acid 50-21-5 10% 10% acid. Alcohol Solution SCNM Category III SCNM Severe Irritant Inconclusive (1999)/Submitted Y.
? Ohno Data
. Hagino et al.
. X Carboxylic L. . . .
Lactic acid 50-21-5 100% 100% id. Alcohol Liquid Category 1 Category 1 R41 Severe Irritant Irritant (1999)/Submitted Y.
1
acid, Aeono Ohno Data
Amine. Hagino et al.
Monoethanolamine 141-43-5 10% 10% Alcoh ,I Solution Category 2B Category III Nonirritant Severe Irritant Irritant (1999)/Submitted Y.
cono Ohno Data
Amine. Hagino et al.
Triethanolamine 102-71-6 100% 100% Alcoh ,I Liquid Nonirritant Category III Nonirritant Moderate Irritant Inconclusive (1999)/Submitted Y.
coho

Ohno Data




Comparison of In Vivo and In Vitro Ocular Irritancy Classifications: Sorted by Reference

In Vivo
In Vit
InVitro | InVivo | vical | Physical | In Vivo (GHS) | In Vivo (EPA) | In Vivo (EU) " e
Substance Name CASRN Conc. Conc. Class Form ' 4 56 Classification | pres 2908 | pHSA-67%° Reference
Classification Classification™ | Classification™
T T 9 7
ested ested Tested (IS(A))
Hagino et al.
. . Amine, . - . 1999)/Submitted Y.
Triethanolamine 102-71-6 10% 10% mine Solution Nonirritant Category IV Nonirritant Severe Not labeled Not labeled ( )/Submitte
Alcohol Ohno Data/ Bagley et al.
(1992)
Hagino et al.
- . 1999)/Submitted Y.
Ethanol 64-17-5 10% 10% Alcohol Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled ( )/Submi 4,6
Ohno Data/ Kojima et
al. (1995)
. Hagino et al.
Organic salt, .
. . . . . 1999)/Submitted Y.
Potassium laurate 10124-65-9 10% 10% Carboxylic | Solution Category 1 Category | R41 Severe Irritant Irritant ( )/Submi ”e
acid salt Ohno Data/ Kojima et
al. (1995)
Hagino et al.
Stearyltrimethylammonium o o Organic salt, . . . (1999)/Submitted Y.
chloride 15461-40-2 10% 10% Onium Solution Category 1 Category 1 R41 Severe Irritant Irritant Ohno Data/ Kojima et
al. (1995)
Organic salt, Cateeo Cateco
Sodium lauryl sulfate 151-21-3 10% Carboxylic | Unknown gory eory R41/Nonirritant Moderate Irritant Irritant Kojima et al. (1995)
acid salt 1/Category 2A I/Category II
Triton X-100 9002-93-1 10% Ether Unknown Category 1 Category 11 SCNM Moderate Irritant Irritant Kojima et al. (1995)

Abbreviations: CASRN = Chemical Abstracts Service Registry Number; Conc. = Concentration; EPA = U.S. Environmental Protection Agency; EU = European Union; GHS = Globally Harmonized System; SCNM - Study Criteria
Not Met.

! GHS=Globally Harmonized System (UN [2003])

? Eye Irritant Category 1 = irreversible effects on the eye/serious damage to the eye; Category 2A = reversible effects on the eye/irritating to the eyes; Category 2B = reversible effects on the eye/mildly irritating to the eyes; Nonirritant = not an eye

3 EPA=U.S. Environmental Protection Agency (EPA [1996]).

4Toxicity Category I for the Primary Eye Irritation Study = Corrosive, or corneal involvement or irritation not reversible within 21 days; Category Il = Corneal involvement or irritation clearing in 8-21 days; Category III = Corneal involvement or
irritation clearing in 1-7 daysl: Category IV: minimal effects clearing in less than 24 hr
s EU=European Union (EU [2001]).

®Risk phrase R41 = risk of serious damage to the eyes; R36 = irritating to the eyes; nonirritant = not an eye irritant.

"IS(A) represents irritation scores that were calculated using the method described in Leupke (1985); classification scheme used as described in Leupke (1985).

8 FHSA=Federal Hazardous Substance Act (2005). FHSA-20% is based on the proportion of positive animals needed to identify a substance as an irritant using the FHSA sequential testing strategy, where 20% of the animals need to demonstrate a
positive response for a substance to be identified as an irritant. A substance tested using 3 to 6 animals would not be labeled if < 1/6 animals were positive based on the FHSA criteria. The substance would be labeled as an irritant if there were >1 positive
animal in a 3 to 5 animal test or >2 positive animals in a 6 animal test.

° FHSA=Federal Hazardous Substances Act (2005). FHSA-67% is based on the proportion of positive animals needed to identify a substance as an irritant using the "first test" of the FHSA sequential testing strategy, where 67% of the animals need to
demonstrate a positive response for a substance to be identified as an irritant. A substance tested using 3 to 6 animals would not be labeled if < 1/6 animals were positive based on the FHSA criteria. The substance would be labeled as an irritant if there
were >2/3, 3/4, 4/5, or 4/6 positive animals. If 1/3, 1/4, 2/4, 1/5, 2/5, 3/5, 2/6, or 3/6 animals were positive, further testing would be required.
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Comparison of In Vivo and In Vitro Ocular Irritancy Classifications: Sorted by Substance

In Vivo

InVitro | In Vivo In Vitro
Chemical | Physical | In Vivo (GHS) In Vivo (EPA) In Vivo (EU) . .
Substance Name CASRN Conc. Conc. emica ysiea Classification FHSA-20% | FHSA-67%’ Reference
Tested Tested Class Form Classification'? | Classification® | Classification® IS(A)Y
Tested as))
- Hagino et al.
L Carboxylic . . . .
Acetic acid 64-19-7 10% 10% acid Solution Category 1 Category 1 R41 Severe Irritant Irritant (1999)/Submitted Y.
Ohno Data
Hagino et al.
Butanol 71-36-3 10% 10% Alcohol Solution Category 1 SCNM R41 Severe Irritant Irritant (1999)/Submitted Y.
Ohno Data
Cetyltrimethylammonium Organic salt. Hagino et al.
Y Y 57-09-0 10% 10% £amESAL |- o ution Category 1 Category I R41 Severe Trritant Trritant (1999)/Submitted Y.
bromide Onium
Ohno Data
- - Hagino et al.
Chlorhexidine gl t Amidine, . . . . .
or‘ exiame ucoTla N 18472-51-0 10% 10% mdme Solution Category 2B Category 11 Nonirritant Severe Irritant Irritant (1999)/Submitted Y.
Solution (20% Solution) Ester
Ohno Data
Organic salt,
. . Sulfur Hagino et al.
Di(2-ethylhexyl) sod . . . .
i2-e yA exyl) sodium 577-11-7 10% 10% containing | Solution Category 1 Category 1 R36 Severe Irritant Irritant (1999)/Submitted Y.
sulfosuccinate
compound, Ohno Data
Ester
Amine Hagino et al.
Diisopropanolamine 110-97-4 10% 10% Alcoho’l Solution Nonirritant Category IIT Nonirritant Moderate Irritant Irritant (1999)/Submitted Y.
Ohno Data
- Hagino et al.
. . Organic salt, . . . .
Domiphen bromide 538-71-6 10% 10% B Solution Category 1 Category | R41 Severe Irritant Irritant (1999)/Submitted Y.
Onium, Ether
Ohno Data
Hagino et al.
Ethanol 64-17-5 100% 100% Alcohol Liquid SCNM SCNM SCNM Severe Irritant Irritant (1999)/Submitted Y.
Ohno Data
Hagino et al.
. - . . 1999)/Submitted Y.
Ethanol 64-17-5 10% 10% Alcohol Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled ( )/Submi 4,6
Ohno Data/ Kojima et
al. (1995)
Carboxvlic Hagino et al.
X' . P . . .
Glycolic acid 79-14-1 10% 10% id. Al ‘ hol Solution Category 2B Category 111 Nonirritant Severe Irritant Irritant (1999)/Submitted Y.
1
acid, Aeono Ohno Data
. Hagino et al.
. . Carboxylic . . . .
Lactic acid 50-21-5 10% 10% id. Alcohol Solution SCNM Category 111 SCNM Severe Irritant Inconclusive (1999)/Submitted Y.
1
acid, Aeono Ohno Data
. Hagino et al.
. . Carboxylic - . . .
Lactic acid 50-21-5 100% 100% id. Alcohol Liquid Category 1 Category 1 R41 Severe Irritant Irritant (1999)/Submitted Y.
1
acid, Aeono Ohno Data
Amine Hagino et al.
Monoethanolamine 141-43-5 10% 10% Alcoh ’1 Solution Category 2B Category 111 Nonirritant Severe Irritant Irritant (1999)/Submitted Y.
cone Ohno Data
Oil/Water Emulsion-HZA Undiluted | Undiluted | Formulation | Solution Nonirritant Category 111 Nonirritant Nonirritant Irritant Inconclusive | Gettings et al. (1994)




Comparison of In Vivo and In Vitro Ocular Irritancy Classifications: Sorted by Substance

In Vivo
In Vit
InVitro | InVive Chemical | Physical | In Vivo (GHS) In Vivo (EPA) In Vivo (EU) n‘ ”o_
Substance Name CASRN Conc. Conc. Classification FHSA-20% | FHSA-67%’ Reference
Tested Tested Class Form Classification'? | Classification® | Classification® IS(A)Y
Tested as))
Oil/Water Emulsion-HZC Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Nonirritant Irritant Inconclusive | Gettings et al. (1994)
Oil/Water Emulsion-HZE Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZF Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Moderate Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZH Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Severe Irritant Irritant Gettings et al. (1994)
Oil/Water Emulsion-HZI Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZJ Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZL Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Slight Irritant Irritant Gettings et al. (1994)
Oil/Water Emulsion-HZM Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Moderate Irritant Irritant Gettings et al. (1994)
Oil/Water Emulsion-HZN Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZO Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZR Undiluted | Undiluted | Formulation | Solution Category 1 Category I R41 Severe Irritant Irritant Gettings et al. (1994)
Oil/Water Emulsion-HZS Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Severe Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZT Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZU Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1994)
Oil/Water Emulsion-HZV Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Nonirritant Irritant Inconclusive | Gettings et al. (1994)
Oil/Water Emulsion-HZW Undiluted | Undiluted | Formulation | Solution Nonirritant Category IIT Nonirritant Nonirritant Irritant Irritant Gettings et al. (1994)
Oil/Water Emulsion-HZY Undiluted | Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Severe Not labeled Not labeled Gettings et al. (1994)
- Hagino et al.
Organic salt. .
’ 1999)/Submitted Y.

Potassium laurate 10124-65-9 10% 10% Carboxylic | Solution Category 1 Category 1 R41 Severe Irritant Irritant ( )/Submi A,e

id salt Ohno Data/ Kojima et

acdsa al. (1995)
Organic salt, Categor Catego
Sodium lauryl sulfate 151-21-3 10% Carboxylic | Unknown sory oy R41/Nonirritant Moderate Irritant Irritant Kojima et al. (1995)
acid salt 1/Category 2A I/Category II




Comparison of In Vivo and In Vitro Ocular Irritancy Classifications: Sorted by Substance

In Vivo
In Vit
fnVitro | InVivo | oy omical | Physical | In Vivo (GHS) | InVivo (BPA) | InVivo BU) | " 0"
Substance Name CASRN Conc. Conc. assification | ppe 4 2008 | FHSA-67%° Reference
Tested Tested Class Form Classification'? | Classification® | Classification® S(A)Y
Tested as@y
Hagino et al.
Stearyltrimethylammonium o o Organic salt, . . . (1999)/Submitted Y.
chloride 15461-40-2 10% 10% Onium Solution Category 1 Category 1 R41 Severe Irritant Irritant Ohno Data/ Kojima et
al. (1995)

Surfactant Based . . . . . .

F lation 1-HZA 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
ormulation 1-

Surfactant Based . . . . .

Fur acla? azs‘;-IZB 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Slight Irritant Irritant Gettings et al. (1996)
ormulation 2-

E‘urfac:a?t st‘;-cllZC 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Severe Irritant Irritant Gettings et al. (1996)
ormulation 3-

Surfactant Based . . . . .

Fur acla? T?—IZD 10% Undiluted | Formulation | Solution Category 2B Category 111 Nonirritant Moderate Irritant Irritant Gettings et al. (1996)
ormulation 4-

Surfactant Based . . . . .

Fur acla? aSS‘;-IZE 10% Undiluted | Formulation | Solution SCNM Category 1 SCNM Slight Irritant Inconclusive Gettings et al. (1996)
ormulation 5-

Surfactant Based . . . .

Fur acla? a;?—IZF 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
ormulation 6-

Surfactant Based . . . .

Fur acla? a7s‘;-IZG 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
ormulation 7-

Surfactant Based . . . . .

Fur acla? ass‘;-IZH 10% Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled Gettings et al. (1996)
ormulation 8-

Surfactant Based . . . .

Fur acla? Z;SLZI 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Severe Irritant Irritant Gettings et al. (1996)
ormulation 9-

Surfactant Based : o irri i i

Fur acla? alsg Hz 10% Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Slight Not labeled Not labeled Gettings et al. (1996)
ormulation 10-

Surfactant Based . . . .

Fur acla? alsle HZK 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
ormulation 11-

Surfactant Based . . . .

Fur acla? alsze HZL 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Severe Irritant Irritant Gettings et al. (1996)
ormulation 12-

Surfactant Based . . . . .

Fur acla? als; HZM 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Slight Irritant Irritant Gettings et al. (1996)
ormulation 13-

Surfactant Based . . . .

Fur acla? als: HZN 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
ormulation 14-

Surfactant Based . . . . . . .

Fur acla? alsse HZP 10% Undiluted | Formulation | Solution Nonirritant Category 111 Nonirritant Slight Irritant Inconclusive Gettings et al. (1996)
ormulation 15-

Surfactant Based . . . . . . .

Fur acla? alsg HZO 10% Undiluted | Formulation | Solution Nonirritant Category 111 Nonirritant Slight Irritant Irritant Gettings et al. (1996)
ormulation 16-

Surfactant Based . . . .

Fur acla? als76 HZR 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
ormulation 17-

Surfactant Based . . . .

Fur acla? alsse — 10% Undiluted | Formulation | Solution Category 1 Category 1 R41 Moderate Irritant Irritant Gettings et al. (1996)
ormulation 18-

Surfactant Based . . . . .

Fur acla? als9e HZT 10% Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1996)
ormulation 19-

Surfactant Based . . . . .
urfactant base 10% Undiluted | Formulation | Solution Category 2B Category 111 R36 Slight Irritant Irritant Gettings et al. (1996)

Formulation 20-HZU




Comparison of In Vivo and In Vitro Ocular Irritancy Classifications: Sorted by Substance

In Vivo
In Vit
InVitro | InVive Chemical | Physical | In Vivo (GHS) In Vivo (EPA) In Vivo (EU) n‘ ”o_
Substance Name CASRN Conc. Conc. Classification FHSA-20% | FHSA-67%’ Reference
Tested Tested Class Form Classification'? | Classification® | Classification® IS(A)Y
Tested as))
f B . . . . .
Sur actan.t ased 10% Undiluted | Formulation | Solution Category 1 Category I R41 Moderate Irritant Irritant Gettings et al. (1996)
Formulation 21-HZV
f B . . . . .
Sur actan.t ased 10% Undiluted | Formulation | Solution Category 1 Category | R41 Moderate Irritant Irritant Gettings et al. (1996)
Formulation 22-HZW
f B . . . . .
Sur actan.t ased 10% Undiluted | Formulation | Solution Category 1 Category I R41 Severe Irritant Irritant Gettings et al. (1996)
Formulation 23-HZX
f B . . . . .
Sur actan.t ased 10% Undiluted | Formulation | Solution Category 1 Category | R41 Moderate Irritant Irritant Gettings et al. (1996)
Formulation 24-HZY
f B . . . . .. .
Sur actan.t ased 10% Undiluted | Formulation | Solution Nonirritant Category IV Nonirritant Nonirritant Not labeled Not labeled Gettings et al. (1996)
Formulation 25-HZZ
Amin Hagino et al.
Triethanolamine 102-71-6 100% 100% Alcohz’l Liquid Nonirritant Category IIT Nonirritant Moderate Irritant Inconclusive (1999)/Submitted Y.
Ohno Data
Hagino et al.
Ami . . . 1999)/Submitted Y.
Triethanolamine 102-71-6 10% 10% Alr: :1:’1 Solution Nonirritant Category IV Nonirritant Severe Not labeled Not labeled Olfno Dz)xt;Br:;;I:y etal.
(1992)
Triton X-100 9002-93-1 1% 1% Ether Solution Nonirritant Category 111 Nonirritant Severe Irritant Inconclusive Bagley et al. (1992)
Triton X-100 9002-93-1 10% Ether Unknown Category 1 Category 11 SCNM Moderate Irritant Irritant Kojima et al. (1995)

Abbreviations: CASRN = Chemical Abstracts Service Registry Number; Conc. = Concentration; EPA = U.S. Environmental Protection Agency; EU = European Union; GHS = Globally Harmonized System; SCNM - Study Criteria
Not Met.

! GHS=Globally Harmonized System (UN [20031)

2 Eye Irritant Category 1 = irreversible effects on the eye/serious damage to the eye; Category 2A = reversible effects on the eye/irritating to the eyes; Category 2B = reversible effects on the eye/mildly irritating to the eyes; Nonirritant = not an eye

3EPA=U.S. Environmental Protection Agency (EPA [1996]).

* Toxicity Category I for the Primary Eye Irritation Study = Corrosive, or corneal involvement or irritation not reversible within 21 days; Category Il = Corneal involvement or irritation clearing in 8-21 days; Category III = Corneal involvement or
irritation clearing in 1-7 daysl: Category IV: minimal effects clearing in less than 24 hr

* EU=European Union (EU [20011).

°Risk phrase R41 = risk of serious damage to the eyes; R36 = irritating to the eyes; nonirritant = not an eye irritant.

"IS(A) represents irritation scores that were calculated using the method described in Leupke (1985); classification scheme used as described in Leupke (1985).

8 FHSA=Federal Hazardous Substance Act (2005). FHSA-20% is based on the proportion of positive animals needed to identify a substance as an irritant using the FHSA sequential testing strategy, where 20% of the animals need to demonstrate a
positive response for a substance to be identified as an irritant. A substance tested using 3 to 6 animals would not be labeled if < 1/6 animals were positive based on the FHSA criteria. The substance would be labeled as an irritant if there were >1 positive
animal in a 3 to 5 animal test or >2 positive animals in a 6 animal test.

° FHSA=Federal Hazardous Substances Act (2005). FHSA-67% is based on the proportion of positive animals needed to identify a substance as an irritant using the "first test" of the FHSA sequential testing strategy, where 67% of the animals need to
demonstrate a positive response for a substance to be identified as an irritant. A substance tested using 3 to 6 animals would not be labeled if < 1/6 animals were positive based on the FHSA criteria. The substance would be labeled as an irritant if there
were >2/3, 3/4, 4/5, or 4/6 positive animals. If 1/3, 1/4, 2/4, 1/5, 2/5, 3/5, 2/6, or 3/6 animals were positive, further testing would be required.
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Preface

Accidental contact with hazardous chemicals frequently causes eye injury and visual impairment.
United States and international regulatory agencies currently use the Draize rabbit eye test (Draize et
al. 1944) to identify potential ocular hazards associated with chemicals. The U.S. Consumer Product
Safety Commission, U.S. Environmental Protection Agency (EPA), U.S. Food and Drug
Administration, and U.S. Occupational Safety and Health Administration have testing requirements
and guidelines for assessing the ocular irritation potential of substances such as pesticides, household
products, pharmaceuticals, cosmetics, and agricultural and industrial chemicals.

Although ocular safety assessment has clearly helped to protect consumers and workers, concerns
have been raised about the humane aspects of the Draize rabbit eye test. Regulatory authorities have
adopted various modifications that reduce the number of animals used and the potential pain and
distress associated with the procedure. Significant progress has been made during the last decade.
Tests now require only one to three rabbits, compared to six rabbits per test in the original protocol.
Provisions have been added that allow for animals with severe lesions or discomfort to be humanely
euthanized.

The Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM)
previously evaluated the validation status of the bovine corneal opacity and permeability (BCOP),
isolated chicken eye (ICE), isolated rabbit eye (IRE), and hen’s egg test—chorioallantoic membrane
(HET-CAM) test methods for the identification of ocular corrosives or severe (irreversible) ocular
irritants. ICCVAM used the EPA (2003a), United Nations Globally Harmonized System of
Classification and Labelling of Chemicals (GHS) (UN 2007), and European Union (EU 2001)
regulatory hazard classification systems. In ICCVAM’s assessment, the performance of the BCOP
and ICE test methods substantiated their use in testing some substances for regulatory hazard
classification. The IRE and HET-CAM test methods lacked sufficient performance and/or sufficient
data to substantiate their use for regulatory hazard classification.

ICCVAM recommended that the BCOP and ICE test methods should be used in a tiered-testing
strategy in which positive substances can be classified as ocular corrosives or severe irritants without
animal testing. In accordance with the ICCVAM Authorization Act of 2000 (Public Law 106-545),
these recommendations were made available to the public and provided to U.S. Federal agencies for
consideration in the ICCVAM Test Method Evaluation Report — In Vitro Ocular Toxicity Test
Methods for Identifying Severe Irritants and Corrosives (ICCVAM 2006b). The ICCVAM
recommendations were accepted by U.S. Federal agencies, and in vitro test methods may now be used
instead of the Draize rabbit eye test for certain regulatory testing purposes.

ICCVAM is now reviewing the validation status of these in vitro test methods for identification of
nonsevere ocular irritants (that is, those that induce reversible ocular damage [EPA Category 1, 1l1;
EU Category R36, GHS Category 2A, 2B]) and substances Not Classified as irritant (GHS NC or Not
Labeled, EPA Category 1V, FHSA Not Labeled, or EU Not Labeled) according to the GHS (UN
2007), EPA (EPA 2003a), FHSA (FHSA 2005), and EU (EU 2001) classification systems. The
Federal Hazardous Substances Act (FHSA) classification system (FHSA 2005) as defined in the “Test
for Eye Irritants” (i.e., “Irritant” or Not Labeled [as an irritant]) and published in 16 CFR 1500.42
(CPSC 2003) is also provided in the current background review documents. The FHSA classification
system was not used in the previous analyses of test methods used for the identification of severe
ocular irritants or corrosives because the FHSA classification is limited to irritants and is not intended
to identify corrosive substances or to differentiate between severe and nonsevere irritants.

Accordingly, the National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) and the ICCVAM Ocular Toxicity Working Group (OTWG)
prepared draft background review documents that summarize the current validation status of each test



method based on published studies and other data and information submitted in response to a June 7,
2007, Federal Register request (72 FR 31582, available at
http://iccvam.niehs.nih.gov/SuppDocs/FedDocs/FR/FR_E7 _10966.pdf). The background review
documents (BRDs) form the basis for draft ICCVAM test method recommendations, which are
provided in separate documents. Liaisons from the European Centre for the Validation of Alternative
Methods and the Japanese Center for the Validation of Alternative Methods will provide input and
contribute to the OTWG throughout the evaluation process.

An international independent scientific peer review panel (Panel) met in public session on May 19-21,
2009, to develop conclusions and recommendations on the in vitro BCOP, ICE, IRE, and HET-CAM
test methods. The Panel included expert scientists nominated by the European Centre for the
Validation of Alternative Methods and the Japanese Center for the Validation of Alternative Methods.
We anticipate that these organizations can use the subsequent independent Panel report (ICCVAM
2009) to deliberate and develop their own test method recommendations. The Panel considered these
BRDs and evaluated the extent to which the available information supports the draft ICCVAM test
method recommendations.

ICCVAM provided the Scientific Advisory Committee on Alternative Toxicological Methods
(SACATM) with the draft BRD and draft Test Method Evaluation Report, the Panel’s report, and all
public comments. SACATM discussed these at their June 25-26, 2009, meeting, where public
stakeholders were given another opportunity to comment. After SACATM’s meeting, ICCVAM
considered the SACATM comments, the Panel report, and all public comments before finalizing the
Background Review Document and test method recommendations. These recommendations will be
forwarded to Federal agencies for their consideration and acceptance decisions where appropriate.

We gratefully acknowledge the organizations and scientists who provided data and information for
this document. We also acknowledge the efforts of those individuals who helped prepare this BRD,
including the following staff from the NICEATM support contractor, Integrated Laboratory Systems,
Inc.: David Allen, Jon Hamm, Nelson Johnson, Brett Jones, Elizabeth Lipscomb, Linda Litchfield,
Steven Morefield, Gregory Moyer, Catherine Sprankle, and Jim Truax. We also thank the members of
the ICCVAM Ocular Toxicity Working Group, chaired by Karen Hamernik, Ph.D. (U.S. EPA) and
Jill Merrill, Ph.D. (U.S. Food and Drug Administration), and ICCVAM representatives who reviewed
and commented on draft versions. We also thank Valerie Zuang, Ph.D., and Dr. Hajime Kojima,
Ph.D., the liaisons to the Ocular Toxicity Working Group from the European Centre for the
Validation of Alternative Methods and the Japanese Center for the Validation of Alternative Methods,
respectively, for their participation.

Marilyn Wind, Ph.D.

Deputy Associate Executive Director
Directorate for Health Sciences

U.S. Consumer Product Safety Commission
Chair, ICCVAM

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

Rear Admiral/Assistant Surgeon General, U.S. Public Health Service
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Executive Summary

In October 2003, the U.S. Environmental Protection Agency (EPA) submitted to the Interagency
Coordinating Committee on the Validation of Alternative Methods (ICCVAM) a homination
requesting the evaluation of several activities related to reducing, refining, and replacing the use of
rabbits in the current in vivo Draize rabbit eye test (69 FR 13859 [March 24, 2004]). In response to
this nomination, ICCVAM evaluated the validation status of the bovine corneal opacity and
permeability (BCOP), hen’s egg test—chorioallantoic membrane (HET-CAM), isolated chicken eye
(ICE), and isolated rabbit eye (IRE) test methods. To evaluate how well these test methods identify
ocular corrosives and severe irritants, ICCVAM used the EPA (2003a), European Union (EU 2001),
and United Nations Globally Harmonized System of Classification and Labelling of Chemicals
(GHS) (UN 2007) classification systems.

ICCVAM considered the performance of two of these in vitro test methods, the BCOP and the ICE, to
be sufficient to support their use in testing certain types of substances for regulatory hazard
classification. The IRE and HET-CAM test methods lacked sufficient performance and/or sufficient
data to support their use for regulatory hazard classification. ICCVAM recommended that the BCOP
and ICE test methods should be used in a tiered-testing strategy that would classify positive
substances as ocular corrosives or severe irritants without animal testing. These recommendations
were accepted by U.S. Federal agencies, and, as a result, in vitro test methods may now be used
instead of conventional tests for certain regulatory testing purposes.

ICCVAM is now reviewing the validation status of these in vitro test methods to identify nonsevere
ocular irritants (those that cause reversible ocular damage [EPA Category Il and Ill; EU R36; GHS
Category 2A and 2B]) and substances not labeled as irritants (EPA Category IV; EU Not Labeled;
GHS Not Classified) according to the EPA (2003a), EU (2001), and GHS (UN 2007) classification
systems. The FHSA classification system, which is based on the testing guidelines and associated
criteria included in 16 CFR 1500.42 (CPSC 2003), is also included in these evaluations. The FHSA
classification system was not used in the original analyses (ability of the test methods to identify
ocular corrosives and severe irritants) because the FHSA ocular hazard category that is assigned
based on results from the Draize rabbit eye test (Draize et al. 1944) does not distinguish between
ocular corrosives and severe irritants and less severe irritants. For this reason, an evaluation to
identify ocular corrosives and severe irritants using the FHSA classification system was not possible.

Because the FHSA classification system (2005) is based on a sequential testing strategy that uses up
to 18 animals, only a small percentage of the substances in the ICE database would be classifiable if
the FHSA criteria were strictly applied. To maximize the number of substances included in these
analyses, “proportionality” criteria were applied for the purpose of assigning an FHSA classification
to test results that would require additional testing according to the FHSA sequential testing strategy.
These “proportionality” criteria (FHSA-20% and FHSA-67%) are as follows:

e FHSA-20% is based on the proportion of positive animals needed to identify a substance
as an irritant using the FHSA sequential testing strategy, where 20% of the animals must
demonstrate a positive response for a substance to be identified as an irritant. A substance
tested using 3 to 6 animals would not be labeled if <1/6 animals were positive based on
the FHSA criteria. The substance would be labeled as an irritant if there were >1 positive
animal in a 3- to 5-animal test or >2 positive animals in a 6-animal test.

o FHSA-67% is based on the proportion of positive animals needed to identify a substance
as an irritant using the “first test” of the FHSA sequential testing strategy, where 67% of
the animals must demonstrate a positive response for a substance to be identified as an
irritant. A substance tested using 3 to 6 animals would not be labeled as an irritant if <1/6
animals were positive based on the FHSA criteria. The substance would be labeled as an



irritant if there were >2/3, 3/4, 4/5, or 4/6 positive animals. If 1/3, 1/4, 2/4, 1/5, 2/5, 3/5,
2/6, or 3/6 animals were positive, further testing would be required.

Together, the National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) and the ICCVAM Ocular Toxicity Working Group prepared
draft background review documents (BRDs) that summarize the available data and information
regarding the validity (usefulness and limitations) of each test method. This BRD summarizes all
available information for the ICE test method and its current validation status, including what is
known about its reliability and accuracy, and the scope of the substances tested. Original data for the
ICE test method will be maintained for future use so that these performance statistics may be updated
as additional information becomes available.

|CE Test Method Protocol

The ICE test method is an in vitro model that provides short-term maintenance of the chicken eye.
Damage caused by a test substance is assessed by determination of corneal swelling, opacity, and
fluorescein retention. While the latter two parameters involve a qualitative assessment, analysis of
corneal swelling provides for a quantitative assessment. Each measurement is either (1) converted
into a quantitative score that is used to calculate an overall irritation index or (2) assigned a
qualitative category that is used to assign an in vitro ocular irritancy classification. Either outcome
can then be used to predict the in vivo ocular irritation potential of a test substance.

Validation Database

No new ICE data have been obtained since ICCVAM evaluated the ICE test method for identifying
ocular corrosives and severe irritants (ICCVAM 2006a). Therefore, the same database was used in the
current evaluation. The ICE validation database contains a total of 175 substances. The most
commonly tested chemical classes tested are alcohols, carboxylic acids, esters, and heterocyclics. Of
the 175 substances, 48% (85/175) could not be assigned a specific chemical class. The most
commonly tested product classes are solvents, soaps/surfactants, industrial chemicals, and
pesticides/herbicides. Thirteen percent (23/175) could not be assigned a product class.

In order to calculate the appropriate EPA (2003a), EU (2001), FHSA (2005), and GHS (UN 2007)
ocular irritancy hazard classifications, detailed in vivo data consisting of cornea, iris, and conjunctiva
scores for each animal at 24, 48, and 72 hours following test substance administrations and/or
assessment of the presence or absence of lesions at 7, 14, and 21 days are needed. Some of the test
substances had only limited in vivo data and so could not be used to evaluate test method accuracy
and reliability. To maximize the number of substances included in the FHSA analyses,
“proportionality” criteria (FHSA-20% and FHSA-67%), as outlined above, were applied for the
purpose of assigning a FHSA classification to test results that would require additional testing
according to the FHSA sequential testing strategy.

I|CE Test Method Accuracy

I dentification of All Ocular Hazard Categories

ICCVAM evaluated how well the ICE test method identified all categories of ocular irritation
potential as defined by the EPA (2003a), GHS (UN 2007), and EU (2001) classification systems.
Because the FHSA classification system does not distinguish between ocular corrosives and severe
irritants and less severe irritants, an evaluation for all ocular hazard categories using the FHSA
classification system was not possible. Analyses were also performed excluding specific chemical
classes and/or physical properties that were previously identified as discordant in the ICE test method
(alcohols, surfactants, and solids) relative to the in vivo hazard classification (ICCVAM 2006a).

As shown in Table 1, overall correct classifications ranged from 59% (83/141) to 77% (118/153)
when using the entire database, depending on the hazard classification system used. When discordant



classes are excluded, overall correct classifications improved slightly to a range of 64% (49/77) to
80% (66/82), depending on the classification system used.

Distinguishing Substances Not Labeled as I rritants from All Other Hazard Categories

ICCVAM also evaluated how well the ICE test method distinguished substances not labeled as
irritants (EPA Category 1V, EU Not Labeled, FHSA Not Labeled, GHS Not Classified) from all other
ocular hazard categories (EPA Categories I, 11, 11I; EU R41, R36; FHSA Irritant; GHS Categories 1,
2A, 2B) as defined by the EPA (2003a), GHS (UN 2007), EU (2001), and FHSA (2005) classification
systems. Analyses were also performed excluding specific chemical classes and/or physical properties
that were previously identified as discordant in the ICE test method (alcohols, surfactants, and solids)
relative to the in vivo hazard classification (ICCVAM 2006a).

As shown in Table 2, overall accuracy ranged from 78% (110/141) to 85% (130/153), depending on
the hazard classification system used. The lowest false negative rate (6% [4/62]) was noted for the
GHS system, followed by 9% (7/76) for the FHSA-67% criteria, 12% (10/84) for the FHSA-20%
criteria, 14% (11/81) for the EPA system, and 22% (13/60) for the EU system. Among these false
negatives, at least one substance was classified as an ocular corrosive and severe irritant based on
Draize rabbit eye test data (n=1 each for the EPA and GHS systems, and n=6 for the EU system). The
lowest false positive rate (11% [10/93]) was noted for the EU system, followed by 22% (13/59) for
the EPA system, 24% (15/62) for the FHSA-20% and FHSA-67% criteria, and 34% (27/79) for the
GHS system. The exclusion of discordant classes had no affect on accuracy (ranged from 75%
[58/77] to 85% [70/82] when discordant classes were removed versus 78% [110/141] to 85%
[130/153] for overall accuracy, depending on the hazard classification system used).

| CE Test Method Reliability

I nterlaboratory Reproducibility

Previous quantitative and qualitative evaluations of the reliability of the ICE test method have been
conducted (ICCVAM 2006a). Because the database used for the current evaluation of the ICE test
method has not changed, the quantitative evaluation of test method reliability remains unchanged.
Additional qualitative analyses of interlaboratory reproducibility were conducted to evaluate how
well the ICE hazard classifications agreed among the four participating laboratories from the
interlaboratory validation study (Balls et al. 1995). These evaluations were based on the use of the
ICE test method (1) to identify all ocular hazard categories according to the EPA, GHS, or EU
systems, and (2) to distinguish substances not labeled as irritants (EPA Category 1V, GHS Not
Classified, EU Not Labeled) from all other ocular hazard categories (EPA Categories I, 11, 11I; GHS
Categories 1, 2A, 2B; EU R41, R36). Because the performance of the ICE test method was similar for
the EPA and FHSA hazard classification systems, additional reliability analyses were not conducted
for the FHSA hazard classification system.



Tablel Performance of the ICE Test Method in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit Eye Test
Method, as Defined by the EPA, GHS, and EU Classification Systems'

Hazard Overall Correct Severé’ Moder ate® Mild* Not L abeled®
Classification e
stem Classification
Sy Actual Under Over Actual Under Over Actual | Under Over Actual

62% 48% 52% 31% 50% 19% 29% 53% 18% 22% 78%

Overall (EPA) (87/140) (13/27)| (4/27) | (5/16) | (8/16) | (3/16) | (11/38) | (20/38) | (7/38) | (13/59) | (46/59)

Without Alcohols,

Surfactants 67% 67% 33% 20% 60% 20% 17% 67% 17% 21% 79%
and Soli dSG, (52/78) (6/9) (3/9) (2/10) | (6/10) (2/10) (1/6) (4/6) (1/6) (8/39) (31/39)
59% 52% 48% 36% 36% 28% 18% 73% 9% 34% 66%

Overall (GHS) (83/141) (15/29)| (14/29) | (8/22) | (8/22) | (6/22) 1) | (811 | (111 | @779) | (52/79)

V‘é‘&:‘%‘g aAn't‘SJOQr?LS 64% 63% 37% 23% | 46% 31% 17% 67% | 17% | 32% | 68%
Solide (49/77) G8) | (38) | @n3) | (613) | (413) (L/6) @4l6) | (Ue) | (16/50) | (34/50)

7% 59% 41% 18% | 57% 25% 1% | 89%

Il (E NA NA | NA
Overall (EU) (118/153) | (19/32)| (13/32) | (5/28) | (16/28) | (7/28) (10/93) | (83/93)
Without Alcohols, o 0 o 0 0 0 0 o

ottt e 80% 67% 33% 18% | 65% 18% \A A | ona | 1% | 7w

Solids (66/82) 69 | @39 | @ | @an | @ (7/56) | (49/56)

Abbreviations: EPA = U.S. Environmental Protection Agency; EU = European Union; GHS = Globally Harmonized System; ICE = isolated chicken eye; NA = not applicable.

! EPA classification system (EPA 2003a); GHS classification system (UN 2007); EU classification system (EU 2001). Because the FHSA classification system does not

distinguish between ocular corrosives and severe irritants and less severe irritants, an evaluation for all ocular hazard categories using the FHSA classification system was not
possible.

Severe = EPA Category |; GHS Category 1, EU R41.

Moderate = EPA Category Il; GHS Category 2A; EU R36.

Mild = EPA Category Ill; GHS Category 2B.

Not Labeled = EPA Category IV; GHS Not Classified; EU Not Labeled.

Alcohols, surfactants, and solids were previously identified as discordant in the ICE test method relative to the in vivo hazard classification (ICCVAM 2006a).

o g~ W N



Table2 Accuracy of theCE Test Method in Distinguishing Substances Not L abeled as
Irritantsfrom All Other Irritant Classes as Defined by the EPA, GHS, EU, and
FHSA Classification Systems

False False
Hazard Accuracy Sensitivity | Specificity Positive Negative
Classification N Rate Rate
System
% No. % No. % No. % No. % No.
OveraII(EPA)l 140 83 | 116/140 | 86 | 70/81 | 78 | 46/59 | 22 13/59 14 11/81
Without Alcohols,
Surfactants, and 78 82 69/78 85 | 33/39 | 79 | 31/39 | 21 8/39 15 6/39
Solids?
OveraII(GHS)3 141 78 | 110/141 | 94 | 58/62 | 66 | 52/79 | 34 27179 6 4/62
Without Alcohols,
Surfactants, and 77 75 58/77 89 | 24/27 | 68 | 34/50 | 32 | 16/50 11 3/27
Solids
Overall (EU)4 153 | 85 | 130/153 | 78 | 47/60 | 89 | 83/93 | 11 10/93 22 13/60
Without Alcohols,
Surfactants, and 82 85 70/82 81 | 51/26 | 88 | 49/56 | 12 7/56 19 5126
Solids
Overglolcy(OI;ySA- 146 | 83 | 121/146 | 88 | 74/84 | 76 | 47/62 | 24 | 15/62 | 12 | 10/84
Without Alcohols,
Surfactants, and 76 82 62/76 86 | 31/36 | 78 | 31/40 | 23 9/40 14 5/36
Solids
Overg';(y(oF)?SA' 138 | 84 | 116/138 | 91 | 69/76 | 76 | 47/62 | 24 | 15/62 | 9 | 7/76
Without Alcohols,
Surfactants, and 72 82 59/72 88 | 28/32 | 78 | 31/40 | 23 9/40 13 4/32
Solids

Abbreviations: EPA = U.S. Environmental Protection Agency; EU = European Union; FHSA = Federal Hazardous
Substances Act; GHS = Globally Harmonized System; ICE = isolated chicken eye; N = number of substances included in
this analysis; No. = data used to calculate the percentage.

! EPA classification system (EPA 2003a): Category IV vs. Category I/II/111.

Alcohols, surfactants, and solids were previously identified as discordant in the ICE test method relative to the in vivo
hazard classification (ICCVAM 2006a).

¥ GHS classification system (UN 2007): Not Classified vs. Category 1/2A/2B.
4 EU classification system (EU 2001): Not Labeled vs. R41/R36.

FHSA classification system (FHSA 2005): Not Labeled vs. Irritant. To maximize the number of substances included in
the FHSA analyses, “proportionality” criteria (FHSA-20% and FHSA-67%) were applied for the purpose of assigning a
FHSA classification to test results that would require additional testing according to the FHSA sequential testing strategy.




Using the first approach (identifying all ocular hazard categories), there was 100% agreement among
the four laboratories for a majority of the Draize ocular corrosives and severe irritants based on all
three classification systems, whether they were correctly identified or underclassified by the ICE test
method. For example, for the EPA system, there was 100% agreement for 70% (7/10) of the correctly
identified Category | substances. There was also 100% agreement among the four laboratories for at
least 50% (3/6 to 3/5) of the correctly identified moderate ocular irritants (EPA Category 11, GHS
Category 2A, EU R36). For the mild ocular irritants (EPA Category 111, GHS Category 2B), there was
100% agreement among the four laboratories for 0% (0/2) to 13% (1/8) of the correctly identified
substances. The four laboratories had only 50% agreement for 50% (4/8 or 1/2) of these substances
for the EPA and GHS classification systems. A majority of the substances not classified as irritants
(EPA Category IV, EU Not Labeled, GHS Not Classified) based on Draize results were overclassified
by the ICE test method. The four laboratories had at least 75% agreement for all but two of these
substances. For example, there was at least 75% agreement for 85% (11/13) of the GHS Not Labeled
substances overclassified by the ICE test method. The four laboratories had at least 75% agreement
for 76% (13/17) of the EU Not Labeled substances, whether they were correctly identified or
overclassified by the ICE test method. For example, there was at least 75% agreement for 77% (7/9)
of the EU Not Labeled substances that were correctly identified and 75% (6/8) of those overclassified
by the ICE test method.

Using the second approach (distinguishing substances not labeled as irritants from all other ocular
hazard categories), there was 100% agreement among the four laboratories for 61% (36/59) to 75%
(44/59) of the substances included in the Balls et al. (1995) study. There was 100% agreement among
the four laboratories for 81% (38/47) of the substances correctly identified as irritants according to the
EPA system (Category I, 11, 111). While none of the EPA Category IV substances was correctly
identified by the ICE test method, there was 75% agreement among the four laboratories for both of
the Category IV substances that were overpredicted by the ICE test method.

The four laboratories had 100% agreement for 87% (33/38) of the substances correctly identified as
irritants according to the GHS system (Category 1, 2A, 2B). While only one of the GHS substances
not labeled as irritants was correctly identified by the ICE test method (for which there was 75%
agreement among the laboratories), there was at least 75% agreement among the four laboratories for
85% (11/13) of the GHS substances not labeled as irritants that were overpredicted by the ICE test
method. There was 100% agreement among the four laboratories for 85% (22/26) of the substances
correctly identified as irritants according to the EU system (R36 or R41). The laboratories had at least
75% agreement for 77% (7/9) of the substances correctly identified as Not Labeled.



1.0 Introduction

1.1  Background

The current Draize rabbit eye test method identifies both irreversible (i.e., corrosive) and reversible
ocular effects. It also provides quantitative scoring with which to categorize the severity of reversible
effects such as mild, moderate, or severe irritation. The current U.S. Environmental Protection
Agency health effects test guideline for acute eye irritation (EPA 1998) and United Nations Globally
Harmonized System (GHS) of Classification and Labelling of Chemicals (UN ocular testing strategy)
indicate that if serious ocular damage is anticipated (e.g., a lesion considered to be irreversible or
persisting for 21 days), then a test on a single animal may be considered. If serious damage is
observed, no further animal testing is necessary (EPA 1998; UN 2007). If no serious damage is
observed, additional test animals (1 or 2 rabbits) may be evaluated sequentially until concordant
irritant or nonirritant responses are observed based on the GHS (UN 2007) or until unequivocal
results are obtained in a minimum of three animals according to the EPA test guideline (EPA 1998).
In the FHSA classification system (FHSA 2005), which is based on the testing guidelines and
associated criteria included in 16 CFR 1500.42 (CPSC 2003), corrosive substances are identified by
other test methods (e.g., Draize skin test or human accidental exposure data) and excluded from
further irritant testing.

In 2006, the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM) completed an evaluation of the isolated chicken eye (ICE) test method for its ability to
identify ocular corrosives and severe irritants (ICCVAM 2006a). ICCVAM concluded that the ICE
test method could be used, 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, GHS
Category 1, European Union [EU] R41) (ICCVAM 2006b). While it was not considered valid as a
complete replacement for the in vivo rabbit eye test, the ICE test method was recommended for use as
part of a tiered-testing strategy for regulatory classification and labeling within a specific applicability
domain. Accordingly, substances that are positive in this test method can be classified as ocular
corrosives or severe irritants without further testing in rabbits, while a substance that tests negative
would need additional testing in rabbits using a sequential testing strategy as outlined in Organisation
for Economic Co-operation and Development Test Guideline 405 (OECD 2002).

ICCVAM is now evaluating the usefulness and limitations of the ICE test method for identifying
nonsevere irritants (i.e., those that induce reversible ocular damage [EPA Category Il and Il1; EU
R36; GHS Category 2A and 2B]) and substances not labeled as irritants (i.e., EPA Category IV; EU
Not Labeled; FHSA Not Labeled; GHS Not Classified) according to the EPA, EU, FHSA, and GHS
classification systems (EPA 2003a; EU 2001; FHSA 2005; UN 2007). However because the FHSA
classification system (2005) is based on a sequential testing strategy, which uses up to 18 animals,
only a small percentage of the substances in the ICE database would be classifiable if the FHSA
criteria were strictly applied. In order to maximize the number of substances included in these
analyses, “proportionality” criteria (i.e., FHSA-20% and FHSA-67%) were applied for the purpose of
assigning an FHSA classification for test results that would require additional testing according to the
FHSA sequential testing strategy (see Section 4.1).

As part of the evaluation process, this background review document (BRD) has been prepared to
describe the current validation status of the ICE test method, including what is known about its
reliability and accuracy, its applicability domain, the numbers and types of substances tested, and the
availability of a standardized protocol. An ICCVAM expert panel used this BRD when reviewing the
ICE test method to identify all categories of ocular irritants and substances not labeled as irritants.

Parallel review of the ICE, isolated rabbit eye (IRE), hen’s egg test—chorioallantoic membrane (HET-
CAM), and bovine corneal opacity and permeability (BCOP) test methods were conducted. The
expert panel report and the analyses presented in the BRDs were used to support ICCVAM



recommendations on the proposed standardized test method protocols, proposed list of recommended
reference substances, and additional optimization and/or validation studies that may be necessary to
further develop and characterize the usefulness and limitations of these methods.

For a more detailed discussion on the background of the ICE test method, including its scientific basis
and regulatory rationale and applicability, see the Background Review Document—Current Status of
In Vitro Test Methods for Identifying Ocular Corrosives and Severe Irritants: Isolated Chicken Eye
Test Method (ICCVAM 2006a).

1.2 Useof thelCE Test Method in Overall Strategy of Hazard or Safety Assessment

As shown in Figure 1-1, the GHS allows for use of validated and accepted in vitro methods to
identify ocular corrosives/severe irritants without further testing. The GHS currently recommends the
ICE test method for use in identifying ocular corrosives and severe irritants in a tiered-testing strategy
for regulatory classification and labeling (UN 2007).

13 Validation of the |CE Test Method

The ICCVAM Authorization Act of 2000 (Sec. 4([c]) mandates that “each Federal Agency ... shall
ensure that any new or revised ... test method ... is determined to be valid for its proposed use prior
to requiring, recommending, or encouraging [its use]” (Public Law 106-545).

Validation is the process that establishes the reliability and relevance of a test method for a specific
purpose (ICCVAM 1997). Relevance is defined as the extent to which a test method will correctly
predict or measure the biological effect of interest ICCVAM 1997). For the ICE test method
described in this BRD, relevance is restricted to how well the test method identifies (1) substances
that are capable of producing nonsevere ocular irritation or (2) substances not labeled as irritants.

Reliability is defined as the reproducibility of a test method within and among laboratories. Reliability
should be based on performance with a diverse set of substances that (1) represent the types of
chemical and product classes likely to be tested and (2) cover the range of responses that need to be
identified. The validation process will provide data and information to allow U.S. Federal agencies to
develop guidance on the development and use of the ICE test method as part of a tiered-testing
approach to evaluating substances’ eye irritation potential.

The first stage in this evaluation is the preparation of a BRD that presents and evaluates the relevant
data and information about the test method, including its mechanistic basis, proposed uses, reliability,
and performance characteristics (ICCVAM 1997). This BRD summarizes the available information
on the ICE test method. Where adequate data are available, the qualitative and quantitative
performance of the test method is evaluated.



Figure1-1 GHS Testing Strategy for Serious Eye Damage and Eye Irritation®

Parameter Findings Conclusions
If avalid in vitro test isavailable —» —
Severe damage Category 1
to assess severe damage to eyes
Not a severe eye irritant
Ifavalidin vitro test [sava|lable Irritant Category 2
for eyeirritation
No indication of eye irritant
properties
Experimentally assess skin - > Corrosive — s No evaluation of
corrosion potential (validated in effects on eyes
vitro or in vivo test)
Not corrosive
l. —>  Severe/irreversible = —» Category 1
1 rabbit eyetest ~_ damage
l L5 Irritant — Category 2
No serious damage
1 or 2 additional rabbits —»  Severefirreversible _ Category 1
damage
— Irritant — Category 2
Not an eye irritant

Abbreviation: GHS = United Nations Globally Harmonized System for Classification and Labelling of Chemicals
! Adapted from UN (2007).

1.4  Search Strategiesand Selection of Citationsfor the |CE BRD

The ICE test method data summarized in this BRD are derived from peer-reviewed scientific
literature detail in the Background Review Document, Current Status of In Vitro Test Methods for
Identifying Ocular Corrosives and Severe Irritants: Isolated Chicken Eye Test Method (ICCVAM
2006a). A subsequent literature search conducted in January 2009 revealed no new articles containing



results from an ICE test method. Therefore, the database used in this analysis is the same as the
database previously used (ICCVAM 2006a).



2.0 Isolated Chicken Eye Test M ethod Protocol Components

The ICE test method is an in vitro model that provides short-term maintenance of the chicken eye.
Damage caused by the test substance is assessed by determination of corneal swelling, opacity, and
fluorescein retention. While the latter two parameters involve a gqualitative assessment, analysis of
corneal swelling provides for a quantitative assessment. Each measurement is either (1) converted
into a quantitative score that is used to calculate an overall irritation index or (2) assigned a
qualitative categorization that is used to assign an in vitro ocular irritancy classification. Either
outcome can then be used to predict the in vivo ocular irritation potential of a test substance.

For a detailed description of how the ICE test method is conducted, see the Background Review
Document—Current Status of In Vitro Test Methods for Identifying Ocular Corrosives and Severe
Irritants: Isolated Chicken Eye Test Method (ICCVAM 2006a). Briefly, during an ICE study, a test
substance is applied to the corneas of enucleated chicken eyes, isolated from chickens processed for
human consumption. Chicken heads are transported from the slaughterhouse to the laboratory, and
eyes are dissected within 2 hours after death. After dissection, the eyes are placed in a superfusion
apparatus, where isotonic saline is applied to the cornea at a rate of 2 to 3 drops per minute through a
steel tube attached to a peristaltic pump. Substances are applied as a single dose (30 pL for liquids,
30 mg for solids) for 10 seconds.

Corneal swelling and opacity are measured at regular intervals for up to 4 hours after treatment.
Fluorescein retention is evaluated 30 minutes after treatment only. Mean values for each parameter
(corneal swelling, corneal opacity, and fluorescein retention) are determined. The maximum mean
value for each parameter is classified in one of four irritancy categories as shown in Tables 2-1, 2-2,
and 2-3.

Table2-1 Categorization of Corneal Thickness M easurements

Mean Corneal Swelling (%) Category
0to5 |
>5t0 12 I
>12 to 18 (>75 min after treatment) I
>12 to 18 (<75 min after treatment) Il

>18 to 26 i

>26 to 32 (>75 min after treatment) Il
>26 to 32 (<75 min after treatment) v
>32 v

Table 2-2 Categorization of Corneal Opacity Scores

Mean Maximum Opacity Score Category
0.0-0.5 |
0.6-1.5 I
1.6-2.5 "
2.6-4.0 v




Table 2-3 Categorization of Fluorescein Retention Scor es

M ean Fluorescein Retention Score
30 Minutes After Treatment

0.0-05 |

0.6-1.5 I
1.6-2.5 Il
2.6-3.0 v

The categories for each individual endpoint are then combined into an overall in vitro ocular irritancy
classification for comparison to the in vivo ocular irritancy classification according to the following
scheme (Table 2-4) (INVITTOX 1994).

Table2-4 In Vitro Ocular Irritancy Classification Schemefor the | CE Test M ethod
Oc\:lg;]ilﬂlcnat\i/;:o Combinations of the Three Endpoints
Nonirritant 3xl
2x1,1x1
Mild Irritant 3xl
2x 1, 1x1
2x11,1xI1N
Moderate Irritant 3x I
2x 1,1 x1l
2x 1, 1xIV
2x 1, 1x 1!
2x 11, 1x IV
I L2 x L1 x Iv?
Severe Irritant 3xIV
2x 1V, 1x 1l
2x1V, 1x1I*
2x1IV, 1xI*

! Combinations less likely to occur.

For the purposes of this evaluation, Nonirritant = EPA Category IV, GHS Not Classified, EU Not
Labeled, FHSA Not Labeled; Mild Irritant = EPA Category 111, GHS Category 2B; Moderate Irritant
= EPA Category I, GHS Category 2A; Severe Irritant = EPA Category |, GHS Category 1, EU
Category R41. The Mild and Moderate Irritant categories were combined to generate EU Category
R36. The Mild, Moderate, and Severe Irritant categories were combined to generate FHSA Irritant.

To date, this scheme has been published only as an application to the EU classification system (EU
2001). However, using this same scheme, ICE results have also reportedly been used to predict the in
vivo classification of substances according to the GHS classification system (Prinsen M, personal
communication). For this BRD, the in vitro classification was compared to the corresponding in vivo
classification for each of the EPA, GHS, and EU classification systems (EPA 2003a; EU 2001; UN
2007). For the FHSA classification system, the in vivo classification was compared to the in vitro



classification based on the EPA classification system. In vitro classifications of Mild, Moderate, and
Severe Irritant were classified as FHSA Irritant; and Nonirritant was classified as FHSA Not Labeled.



3.0 SubstancesUsed for Validation of the |CE Test Method

Validation studies for in vitro ocular test methods should, ideally, evaluate an adequate sample of test
substances and products from chemical and product classes that would be evaluated using the in vivo
rabbit eye test method. Test substances with a wide range of in vivo ocular responses (e.g.,
corrosive/severe irritant to not labeled) also should be assessed to determine limits to the range of
responses that can be evaluated by the in vitro test method.

No new ICE test method data have been obtained since ICCVAM originally evaluated the ICE test
method for identification of ocular corrosives and severe irritants (ICCVAM 2006a). Therefore, the
same database (n=175 substances) (derived from Balls et al. 1995; Prinsen 1996, 2000, 2005; Prinsen
and Koéter 1993) was used in the current evaluation.

Tables 3-1 and 3-2 show the chemical and product classes of the test substances in the database used
in this assessment. Information, including substance name, Chemical Abstracts Service Registry
Number (CASRN), chemical and/or product class, concentration(s) tested, purity, supplier or source,
and literature reference for the test substances are provided in Annex |. If not assigned in the study
report, the product class was sought from other sources, including the National Library of Medicine’s
ChemIDplus® database. Chemical classes were assigned to each test substance using a standard
classification scheme based on the National Library of Medicine Medical Subject Headings (MeSH®)
classification system (available at http//www.nIm.nih.gov/mesh), which ensures consistency in
classifying substances among all in vitro ocular test methods under consideration. A substance could
be classified in more than one chemical or product class.

Table3-1 Chemical Classes Tested in the ICE Test Method
Chemical Class # of Substances Chemical Class # of Substances
Acetate 1 Inorganic chloride compound 1
Acid 5 Inorganic salt 3
Acyl halide 1 Inorgan:;((:) ;:I[;/;Ji] dNitrogen 1
Alcohol 15 Ketone 4
Aldehyde 2 Lactone 1
Alkali 3 Lipid 1
Amide/Amidine 7 Nitrile 1
Amino acid 1 Nitro compound 1
Boron compound 1 Not classified 85
Carbohydrate 2 Onium compound 8
Carboxylic acid 12 Organic silicon compound 2
Ester 10 Organic sulfur compound 3
Ether 1 Organometallic 2
Heterocyclic 9 Orgir:)(;ﬁ;lgjﬁzrous 1
Hydrocarbon 5 Polycyclic
Imide 2 Polyether
Inorganic chemical Urea compound

Abbreviation: ICE = isolated chicken eye



https://http//www.nlm.nih.gov/mesh

As shown in Table 3-1, the chemical classes tested most often in the ICE test method are alcohols,
carboxylic acids, esters, and heterocyclics. Of the 175 substances included in the database used for
this assessment (see Annex ), 85 (including formulations of unidentified composition) could not be

assigned a specific chemical class.

As shown in Table 3-2, the product classes tested most in the ICE test method are solvents,
soaps/surfactants, industrial chemicals, and pesticides/herbicides. Of the 175 substances (see

Annex 1), 23 could not be assigned a product class.

Table 3-2 Product Classes Tested in the ICE Test Method
Product Class # of Substances Product Class # of Substances
Adhesive 2 Fertilizer 1
Antifungal 2 Food additive 1
Antihistamine 1 Fungicide/Germicide 1
Industrial chemical,
Anti-infective 3 intermediate or 20
formulation
Antiseptic 2 Not classified 23
Caustic agent 4 Optical resolution agent
Chlorination byproduct 1 Paint 4
Cleaner 8 Pesticide/Herbicide 15
Copolymer 3 Pharmaceutical compound 5
Cosmetic ingredient 1 Preservative 6
Detergent 8 Raw material 9
Developer 1 Reagent 4
Disinfectant 5 Resin 2
Dyes and stains 10 Silicone resin 1
Elastomer 2 Soap 9
Enzyme inhibitor Solvent 37
Enzyme solution 3 Surfactant 25




4.0 In Vivo Reference Data Used to Assess I solated Chicken Eye Test
Method Accuracy

A detailed description of the test method protocol used to generate the in vivo reference data (i.e., the
Draize rabbit eye test) is provided in the Background Review Document—Current Status of In Vitro
Test Methods for Identifying Ocular Corrosives and Severe Irritants: Isolated Chicken Eye Test
Method (ICCVAM 2006a). A number of national and international test guidelines also describe this
procedure (EPA 1998; OECD 2002; CPSC 2003; EU 2004). The subjective scoring system used to
assign an ocular hazard classification is based on a discrete scale for grading the severity of ocular
lesions on the cornea, iris, and conjunctiva.

Most of the ICE studies evaluated in this BRD include in vivo reference data generated using the
basic procedures for the in vivo rabbit eye test method described above. These data were used by
NICEATM to assign an ocular hazard classification according to the EPA (2003a), EU (2001), FHSA
(2005), and the GHS (UN 2007) ocular irritancy classification systems (Annex I11). Exceptions
include the following:

o For Prinsen (2000), no original in vivo data were provided. The irritancy classification,
based on the EU system (1992) only, was provided for the four substances tested.

e For Prinsen (1996), summary data and the irritancy classification, based on the EU
system (1992) only, were provided. Individual animal in vivo data were not provided,
which precluded assigning a precise classification according to the EPA (2003a), GHS
(UN 2007), and FHSA (2005) classification systems for most test substances. However,
for some test substances, adequate information was provided such that they could be
included in the evaluation.

e For Prinsen and Koéter (1993), no original in vivo data were provided. The published
report provides the irritancy classification, based on the EU system (1992) only, for 19 of
21 chemicals, as assigned by Botham et al. (1989). The remaining two chemicals were
classified based on in vivo studies conducted in the author’s laboratory (Prinsen 1991a,
1991b, data requested but not provided). Botham et al. (1989) includes toxicological
summaries that provide a recommended EU classification for each of the chemicals. In
three cases, there were adequate summary in vivo data with which to also generate
irritancy classifications for the EPA (2003a) and GHS (UN 2007) classification systems.
In vivo rabbit eye test results were available from other sources for eight substances.
Therefore, in vivo data were obtained for 11 of 21 chemicals tested in this study.

4.1 InVivo Classification Criteria Used for BRD Analysis

As described in the Background Review Document—Current Status of In Vitro Test Methods for
Identifying Ocular Corrosives and Severe Irritants: Isolated Chicken Eye Test Method (ICCVAM
20064a), the in vivo rabbit eye test database that was used to analyze the accuracy of the ICE test
method includes studies conducted using from one to six rabbits. However, some of the in vivo
classification systems considered for the accuracy analyses are designed for application to studies
using no more than three rabbits. Thus, to maximize the amount of data used to evaluate the ICE test
method, the decision criteria for each classification system were expanded to include studies that used
more than three rabbits in their evaluation. The criteria used for classification according to the EPA
(2003a), EU (2001), or GHS (UN 2007), classification systems were detailed in the 2006 ICCVAM
BRD (ICCVAM 2006a). Each of these classification systems requires that the Draize scoring system
be used. For these classification systems, scoring continues until the effect is cleared, but usually not
beyond 21 days after the substance is applied to the eye of the rabbit. In order for a substance to be
included in the accuracy evaluations in the 2006 ICCVAM BRD, the following four criteria must
have been met.



e At least three rabbits were tested in the study unless a severe effect (e.g., corrosion of the
cornea) was noted in a single rabbit. In such cases, substance classification could proceed
based on the effects observed in fewer than three rabbits.

o Avolume of 0.1 mL or 100 mg was tested in each rabbit. A study in which a lower
quantity was applied to the eye could be accepted for substance classification provided
that a severe effect (e.g., corrosion of the cornea, lesion persistence) was observed in a
rabbit.

o Observations of the eye were made at least 24, 48, and 72 hours after test substance
application if no severe effect was observed.

e Observations of the eye were made until reversibility was assessed, typically meaning
that all endpoint scores were cleared. Results from a study terminated early were not used
unless the reason for the early termination was documented.

If any of the above criteria were not fulfilled, then the data for that substance were not used for the
accuracy analyses.

For the FHSA classification system (FHSA 2005), the testing guidelines and associated criteria are
included in 16 CFR 1500.42 (CPSC 2003). The FHSA classification system is based on using up to
three sequential tests for each test substance with six animals used per test (Table 4-1). Decisions on
further sequential testing are based on the number of positive responses in each test. The severity of
effects for each endpoint (i.e., corneal ulceration and opacity, conjunctival redness and/or swelling,
and iritis) is measured at 24, 48, and 72 hours after test substance administration. Positive responses
include corneal ulceration (other than a fine stippling), corneal opacity or iritis >1, and conjunctival
swelling and/or redness >2. In the first test, six animals are tested. If >4 animals are positive, the test
is positive. If <1 animal tests positive, the test is negative. If 2/6 or 3/6 animals are positive, then a
second test is performed with six additional animals. A third test is needed if 1/6 or 2/6 animals are
positive with the second test.

Table4-1 FHSA Classification System (16 CFR 1500.42)"2

Positive Response for a Single
Rabbit?
>1 of the following at 24, 48,
and/or 72 hours

In Vivo Effect

_ First Test — If >4/6 animals are positive, the test is positive. If <1 animal
Corneal ulceration (other than a | is positive, the test is negative. If 2/6 or 3/6 animals are positive, the test

fine stippling) is repeated using a different group of six animals.
Corneal opacity (CO) >1 Second Test — If >3/6 animals are positive, the test is positive. If 0/6
Iritis (IR) >1 animals are positive, the test is negative. If 1/6 or 2/6 animals are
Conjuctival redness (CR) positive, the test is repeated using a different group of six animals.
and/or chemosis (CC) >2 Third Test — Should a third test be needed, the test is positive if >1/6

animals are positive. If 0/6 animals are positive, the test is negative.

Abbreviations: CC = conjunctival chemosis; CFR = Code of Federal Regulations; CO = corneal opacity; CR = conjunctival
redness; FHSA = Federal Hazardous Substances Act; IR = iritis.

! For the FHSA Classification System (2005), the testing guidelines and associated criteria are included in 16 CFR 1500.42
(CPSC 20083).

At least three animals per test (one animal screen for corrosive/severe irritants permitted). Maximum score in any animal
used for classification.

The following scores are considered positive: CO or IR >1 or CR or CC >2. Therefore, CO and IR scores of 0 or CR and
CC scores <1 are considered negative.

The FHSA classification system (FHSA 2005) is a binary system, which classifies substances that test
positive (according to the criteria provided in Table 4-1) as irritants and substances that test negative



as not requiring labeling (i.e. FHSA Not Labeled). Based on the FHSA sequential testing strategy, a
substance can be classified as an eye irritant hazard with as few as 22% of the animals having a
positive response (i.e., 2/6 [first test] +1/6 [second test] +1/6 [third test] = 4/18 or 22%).

Because the FHSA classification system is based on a sequential testing strategy, which uses up to 18
animals, only a small percentage of the substances in ICE database would be classifiable if the FHSA
criteria were strictly applied. In order to maximize the number of substances include in these
analyses, “proportionality” criteria were developed by NICEATM for the purpose of assigning an
FHSA classification for test results that would require additional testing according to the FHSA
sequential testing strategy (Table 4-2).

Table4-2 Proposed FHSA “Proportionality” Criteria

_ FHSA-20%1 FHSA-67%1
No. of Animals Eurther Tt
in Test NL Irritant NL Irritant ung er Testing
equired
3 0/3 21 0i3 22 1/3
(=33%) (>67%)
4 0/4 2l 0/4 23 14, 214
(25%) (=75%) !
5 0/5 2l 0/ 4 1/5, 215, 3/5
(>20%) (>80%) 9
> >4
6 0/6, 1/6 = 0/6, 1/6 = 206, 3/6
(>33%) (67%)

Abbreviations: CPSC = U.S. Consumer Product Safety Commission; FHSA = Federal Hazardous Substances Act; NL = Not
Labeled (as irritant); No. = number.

FHSA-20% and FHSA-67% analysis methods are based on the proportionality of positive animals needed to identify a
substance as an irritant.

For FHSA-67%, Further Testing Required refers to substances that do not meet adequate positive or negative criteria to
be classified.

1

These “proportionality” criteria (i.e., FHSA-20% and FHSA-67%) are as follows:

o (FHSA-20%) — FHSA-20% is based on the proportion of positive animals needed to
identify a substance as an irritant using the FHSA sequential testing strategy, where 20%
of the animals need to demonstrate a positive response for a substance to be identified as
an irritant. A substance tested using 3 to 6 animals would not be labeled if < 1/6 animals
were positive based on the FHSA criteria. The substance would be labeled as an irritant if
there were >1 positive animal in a 3 to 5 animal test or >2 positive animals in a 6 animal
test.

o (FHSA-67%) — FHSA-67% is based on the proportion of positive animals needed to
identify a substance as an irritant using the "first test" of the FHSA sequential testing
strategy, where 67% of the animals need to demonstrate a positive response for a
substance to be identified as an irritant. A substance tested using 3 to 6 animals would not
be labeled if < 1/6 animals were positive based on the FHSA criteria. The substance
would be labeled as an irritant if there were >2/3, 3/4, 4/5, or 4/6 positive animals. If 1/3,
1/4, 2/4, 1/5, 2/5, 3/5, 2/6, or 3/6 animals were positive, further testing would be required.

4.2  InVivo Data Quality

Ideally, all data supporting the validity of a test method should be obtained and reported in
accordance with Good Laboratory Practice (GLP) guidelines. GLP guidelines are nationally and




internationally recognized rules designed to produce high-quality laboratory records (OECD 1998;
EPA 2003b, 2003c; FDA 2003). These guidelines provide an internationally standardized approach
for the conduct of studies, reporting requirements, archival of study data and records, and information
about the test protocol, thereby ensuring the integrity, reliability, and accountability of a study.

The extent to which the in vivo rabbit eye studies that were used to provide the comparative data in
the published ICE validation studies complied with GLP guidelines is based on the information
provided in the reports. Based on the available information, all of the reports included ir vivo data
obtained according to GLP guidelines.



5.0 Isolated Chicken Eye Test Method Data and Results

A total of five reports, three published (Balls et al. 1995; Prinsen 1996; Prinsen and Koéter 1993) and
two unpublished (Prinsen 2000, 2005), included sufficient data for an accuracy analysis of the ICE
test method for the identification of all categories of ocular irritation. Section 6.0 details how these
data were evaluated collectively (i.e., data from all studies combined) and on a per-study basis.*

5.1 Availability of Copiesof Original Data Used to Evaluate the Accuracy and
Reliability

Original study records containing data for the substances screened with the ICE test method in

Prinsen (1996), Prinsen (2000), and Prinsen (2005) were kindly provided by Mr. Menk Prinsen of

TNO Nutrition and Food Research. Summaries of ICE results (i.e., total scores) but no original data

were obtained for the 60 substances evaluated by Balls et al. (1995). No other ICE test method data
have been obtained by NICEATM.

5.2  Description of the Statistical Approaches Used to Evaluate the Resulting Data

Statistical analyses to compare ICE test method results to those from the in vivo reference test method
have been done predominantly by comparing the ICE irritation index and the maximum mean scores
of its individual components (i.e., corneal swelling, corneal opacity, fluorescein retention) to a
numerical in vivo rabbit eye score (e.g., modified maximum average score [MMAS]). However,
because the current evaluation focuses on the regulatory applicability of the ICE test method, and
MMAS scores are not used for regulatory classification, this BRD did not use this approach. Rather,
an in vitro classification system was used to assign an ocular irritation classification for each test
substance (see Section 2.0).

53 Summary of Results

The information extracted for the database used in this assessment includes, when provided, the
following specifics:

Name

CASRN (if available)

Chemical class and/or product class
Concentration(s) tested

Purity

Form tested

ICE test method endpoint values (maximum mean)
In vitro classification

Supplier or source

Literature reference

If not provided, the CASRN was obtained from various sources, including the National Library of
Medicine’s ChemIDplus® database (available at http://chem2.sis.nlm.nih.gov/chemidplus). All
substances with the same CASRN were listed under the same name regardless of the synonym used in
the original report. Chemical and product classes were assigned to each test substance based on the
MeSH® classification system (available at http://www.nIm.nih.gov/mesh). Annex | provides
information on the names, synonyms, CASRNSs, and chemical/product classes, where available, for

! Because Prinsen (2000) includes only four test substances, data from this study were included only in the
overall analysis and were not evaluated separately.


http://www.nlm.nih.gov/mesh
http://chem2.sis.nlm.nih.gov/chemidplus

each substance. Annex || provides the in vitro ICE test method data sorted by reference and
alphabetically by substance name.

54  Useof Coded Chemicalsand Compliance with GLP Guidelines

Ideally, all data supporting the validity of a test method should be obtained and reported in
accordance with GLP guidelines and with the use of coded chemicals (EPA 2003b, 2003c; FDA
2003; OECD 1998). The data quality was evaluated by reviewing the methods section in literature
references and the submitted reports. The data quality presented in the reviewed literature references
can only be evaluated to the extent such information was provided in the published reports. Based on
the available information, all ICE test method studies evaluated were conducted according to GLP
guidelines.

Based on the information in the five studies evaluated, Balls et al. (1995) was the only study that
employed specific mechanisms to code the chemicals that were tested (see Section 3.4.2 in ICCVAM
2006a).



6.0 Isolated Chicken Eye Test Method Accuracy

A critical component of an ICCVAM evaluation of a test method’s validation status is an assessment
of the proposed test method’s accuracy when compared to that of the current reference test method
(ICCVAM 2003). This aspect of test method performance is typically evaluated by calculating:

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

o Sensitivity: the proportion of all positive substances that are classified as positive
Specificity: the proportion of all negative substances that are classified as negative

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

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

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

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

ICCVAM evaluated the ability of the ICE test method to identify all categories of ocular irritation
potential as defined by the EPA (EPA 2003a), GHS (UN 2007), and EU (EU 2001) classification
systems. Given that the FHSA classification system is used to identify eye irritants based on
incidence and does not differentiate between irreversible (i.e., corrosive or severe) and reversible (i.e.,
nonsevere) ocular effects based on Draize rabbit eye test results, an evaluation for all ocular hazard
categories using the FHSA classification system was not possible.

Analyses were also performed with specific chemical classes and/or physical properties excluded
based on their previous identification as discordant in the ICE test method (ICCVAM 2006a). These
evaluations were conducted on the overall data set created by combining results from the reports
discussed in Section 5.0 (Balls et al. 1995; Prinsen 1996, 2005; Prinsen and Koéter 1993) then
assigning an overall ocular irritancy classification for each substance. (See Annexesl| and I11).
When the same substance was evaluated in multiple laboratories, an overall ICE classification was
based on the majority classification among all of the studies. When there were an equal number of
different irritancy classifications for substances (e.g., two tests classified a substance as Not Labeled,
and two tests classified a substance as a mild irritant), the more severe irritancy classification was
used for the overall classification for the substance (i.e., mild irritant, in this case).

6.1 GHSClassfication System: ICE Test Method Accuracy

The four studies (Balls et al. 1995; Prinsen 1996, 2005; Prinsen and Koéter 1993) contained ICE test
method data on 174 substances, 141 of which had sufficient in vivo data to be assigned an ocular
irritancy classification according to the GHS classification system (UN 2007) (see Annex |11). Based
on results from in vivo rabbit eye experiments, 20% (29/141%) were classified as Category 1, 16%
(22/141°) were classified as Category 2A, 8% (11/141) were classified as Category 2B, and 56%

One chemical (benzalkonium chloride, 1%) was tested in vivo twice in the same laboratory. The results were
discordant with respect to GHS classification. According to one test, the classification was Category 1, while
results from the other test yielded a Category 2B classification. The accuracy analysis was performed with the
substance classified as Category 1. Another chemical (1% sodium hydroxide) was duplicated in the database.
Sodium hydroxide (Prinsen and Koéter 1993) was removed because the in vivo classification corresponded to
a 10% solution.

Triton X-100 (10%) and dibenzyl phosphate were excluded because they were classified in vitro as

Category 2A/2B.



(79/141) were classified as Not Labeled as Irritant. The remaining 33 substances could not be
classified according to the GHS classification system due to the lack of adequate animal data and are
so noted in Annex I 11.

6.1.1 Identification of Category 1 Substances (Ocular Corrosives/Severe lrritants)

The ICE test method correctly identified 52% (15/29) of the Category 1 substances (Table 6-1).
Among the remaining 48% (14/29) Category 1 substances that were underpredicted by ICE, 10%
(3/29) were classified as Category 2A, 35% (10/29) were classified as Category 2B, and 3% (1/29)
were classified as Not Classified as Irritant.

6.1.2 Identification of Category 2A Substances (M oderate Ocular Irritants)

For the 22 substances that could be evaluated, the ICE test method correctly identified 36% (8/22) as
moderate irritants, while 36% (8/22) were overpredicted and 28% (6/22) were underpredicted
(Table 6-1).

6.1.3 Identification of Category 2B Substances (Mild Ocular Irritants)

For the 11 substances that could be evaluated, the ICE test method correctly identified 73% (8/11) as
mild irritants, while 18% (2/22) were overpredicted and 9% (1/11) were underpredicted (Table 6-1).

6.1.4 Identification of Not Classified Substances

For the 79 substances that could be evaluated, the ICE test method correctly identified 66% (52/79) as
substances not classified as irritants, while 34% (27/79) were overpredicted (Table 6-1).

6.1.5 Ability to Distinguish Substances Not Classified as Irritantsfrom All Other
Classes

In addition to evaluating the ability of the ICE test method to identify each individual ocular hazard
category according to the GHS classification system, ICCVAM also evaluated the ability of the ICE
test method to distinguish substances not classified as irritants from all irritant classes.” Using this
approach for the 141 substances, the ICE test method has an overall accuracy of 78% (110/141), a
sensitivity of 94% (58/62), a specificity of 66% (52/79), a false positive rate of 34% (27/79), and a
false negative rate of 6% (4/62) (Table 6-2). One (25%) of the 4 false negative substances (4-
carboxybenzaldehyde) was from one of the discordant classes (solids).

As detailed below, the results from each individual study were also evaluated separately.

Prinsen and K oéter (1993): Based upon the in vivo rabbit data, eight substances could be assigned a
GHS classification. Among these eight substances, the ICE test method has an accuracy of 75% (6/8),
sensitivity of 75% (3/4), specificity of 75% (3/4), false positive rate of 25% (1/4), and a false negative
rate of 25% (1/4) (Table 6-2).

* The 2006 ICCVAM BRD provides an evaluation of the ICE test method for distinguishing ocular corrosives
and severe irritants from all other classes. Because the database of ICE test method results has not changed,
this analysis has not been repeated here.



Table6-1

Performance of the ICE Test Method in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit Eye Test
M ethod, as Defined by the GHS Classification System,* by Study and Overall

Severe Moder ate Mild Not Classified as
Data Source Overall Correct (Category 1) (Category 2A) (Category 2B) Irritant

Classification Actual Under Over Actual Under Over Actual Under Over Actual

Prinsen and Koéter 63% 100% 0% 100% 0% 0% 0% 0% 100% 25% 75%
(1993) (5/8) (212) (0/2) (1/1) (0/1) (0/1) (0/1) (0/1) (1/1) (1/4) (3/4)

Balls et al. (1995) 38% 55% 45% 46% 38% 16% 50% 50% 0% 92% 8%
(19/50) (11/20) (9/20) (6/13) (5/13) (2/13) (2/4) (2/4) (0/4) (12/13) (1/13)

Prinsen (1996) 81% 50% 50% 0% 33% 67% 0% 100% 0% 14% 86%
(29/36) (1/2) (1/2) (0/3) (1/3) (2/3) (0/2) (2/2) (0/2) (4/29) (25/29)

Prinsen (2005) 63% 0% 100% 20% 40% 40% 0% 100% 0% 30% 70%
(29/46) (0/4) (4/4) (1/5) (2/5) (2/5) (0/4) (4/4) (0/4) (10/33) (23/33)

Overall? 59% 52% 48% 36% 36% 28% 18% 73% 9% 34% 66%
(83/141) (15/29) (14/29) (8/22) (8/22) (6/22) (2/11) (8/11) (1/11) (27/79) (52/79)

Abbreviations: GHS = Globally Harmonized System; ICE = isolated chicken eye.
! GHS classification system (UN 2007).

2 Because Prinsen (2000) includes only four test substances, data from this study were included only in the overall analysis and were not evaluated separately.




Table 6-2 Accuracy of the | CE Test Method in Distinguishing Substances Not Classified asIrritantsfrom All Other Irritant Classes

as Defined by the GHS Classification System, by Study and Overall

_ e - False Negative

Data Sour ce N Accuracy Sensitivity Specificity False Positive Rate Rate
% No. % No. % No. % No. % No.
Prinsen and Koéter (1993) 8 75 6/8 75 3/4 75 3/4 25 1/4 25 1/4
Balls et al. (1995) 50 72 36/50 95 35/37 8 1/13 92 12/13 5 2137
Prinsen (1996) 36 89 32/36 100 717 86 25/29 14 4/29 0 0/7
Prinsen (2005) 46 76 35/46 92 12/13 70 23/33 30 10/33 8 1/13
Overall? 141 78 110/141 94 58/62 66 52/79 34 27179 6 4/62

Abbreviations: GHS = Globally Harmonized System; ICE = isolated chicken eye; N = number of substances included in this analysis; No. = data used to calculate the percentage.
! GHS classification system (UN 2007): Not Classified as Irritant vs. Category 1/2A/2B.

2 Because Prinsen (2000) includes only four test substances, data from this study were included only in the overall analysis and were not evaluated separately.




Ballset al. (1995): Based upon the in vivo rabbit data, 50 substances could be assigned a GHS
classification. Among these 50 substances, the ICE test method has an accuracy of 72% (36/50),
sensitivity of 95% (35/37), specificity of 8% (1/13), false positive rate of 92% (12/13), and a false
negative rate of 5% (2/37) (Table 6-2). One of the two false negative substances
(4-carboxybenzaldehyde) was from one of the discordant classes (solids).

Prinsen (1996): Based upon the in vivo rabbit data, 36 substances could be assigned a GHS
classification. Among these 36 substances, the ICE test method has an accuracy of 89% (32/36),
sensitivity of 100% (7/7), specificity of 86% (25/29), false positive rate of 14% (4/29), and a false
negative rate of 0% (0/7) (Table 6-2).

Prinsen (2005): Based upon the in vivo rabbit data, 46 substances could be assigned a GHS
classification. Among these 46 substances, the ICE test method has an accuracy of 76% (35/46),
sensitivity of 92% (12/13), specificity of 70% (22/33), false positive rate of 30% (10/33), and a false
negative rate of 8% (1/13) (Table 6-2).

6.1.6 Performance of the |CE Test Method with Discordant Classes Excluded

The previous ICCVAM BRD identified limitations of the ICE test method based upon the false
positive rate for alcohols and the false negative rates for solids and surfactants when the ICE is used
to identify ocular corrosives and severe irritants (ICCVAM 2006a). For this reason, the performance
of the ICE test method in identifying all ocular irritant classes was evaluated with these substances
excluded from the database. The overall performance statistics improved slightly (e.g., overall correct
classification increased from 59% to 64%) when these substances were excluded (T able 6-3).

When the ability of the ICE test method to distinguish substances not labeled as irritants from all
irritant classes was evaluated with the discordant classes removed, overall accuracy of the ICE
method was actually slightly reduced from 78% (110/141) to 75% (58/77), false negative rates
increased from 6% (4/62) to 11% (3/27), and false positive rates decreased from 34% (27/79) to 32%
(16/50) (Table 6-4). Following the removal of substances belonging to discordant classes (i.e.,
alcohols, surfactants and solids; see also ICCVAM 2006a), there were three GHS ocular irritants
classified as Not Classified as Irritant using the ICE test method (i.e., false negatives; see Table 6-5).
Among the three false negatives for the GHS system, 33% (1/3) were GHS Category 2B substances,
33% (1/3) were GHS Category 2A substances, and 33% (1/3) were GHS Category 1 substances.



Table 6-3 Performance of the ICE Test Method in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit Eye Test
Method, as Defined by the GHS Classification System,” with Discordant Chemical and Physical Classes Excluded

Severe M oder ate Mild Not Classified as
ICE Overall Correct (Category 1) (Category 2A) (Category 2B) Irritant
Classification

Actual Under Over Actual Under Over Actual Under Over Actual

overall 59% 52% 48% 36% 36% 28% 18% 73% 9% 34% 66%
(83/141) (15/29) | (4129) | (8/22) | (8/22) (6/22) @11 | 61y | @i | @ue) | (5279)

) 62% 52% 48% 19% 44% 38% 10% 80% 10% 34% 66%

Without Alcohols

(80/130) @47 | @sen | @Gne) | (716) 6/16) | @10) | (8/10) | w10) | (677) | (17T

Without Surfactants 61% 52% 48% 40% 35% 25% 20% 70% 10% 30% 70%
(74/121) aw21) | @orry | @) | (7720 200 | (10) | (710) | @10) | (u70) | (49/70)

Without Solids 57% 59% 41% 38% 38% 24% 25% 63% 12% 38% 62%
(57/107) @onr) | @nn | @©ry | @Ry 5/21) (2/8) (5/8) ws8) | (23/61) | (38/61)

Without Alcohols 64% 53% 47% 21% 43% 36% 11% 78% 11% 29% 71%
and Surfactants (70/110) 10/19) | (19 | (3114) | (6/14) (5/14) (1/9) (7/9) @W9) | (20/68) | (48/68)

V‘é‘&:‘f‘;tétt aAn't‘s’Oggés 64% 63% 37% 23% 46% 31% 17% 67% 17% | 32% 68%
Solide (49/77) (5/8) (3/8) (3/13) | (6/13) (4/13) (1/6) (4/6) we) | (16/50) | (34/50)

Abbreviations: GHS = Globally Harmonized System; ICE = isolated chicken eye.
! GHS classification system (UN 2007).



Table6-4 Accuracy of the | CE Test Method in Distinguishing Substances Not Classified asIrritantsfrom All Other Irritant Classes
as Defined by the GHS Classification System,* with Discordant Chemical and Physical Classes Excluded

. N Accuracy Sensitivity Specificity Fal S%Z?:tlve FalseRl\;?ganve
% No. % No. % No. % No. % No.
Overall 141 78 110/141 94 58/62 66 | 52/79 34 27179 6 4/62
Without Alcohols 129 78 100/129 92 49/53 67 | 51/76 33 25/76 8 4/53
Without Surfactants 122 79 96/122 92 47/51 69 | 49/71 31 22/71 8 4/51
Without Solids 107 76 81/107 93 43/46 62 | 38/61 38 23/61 7 3/46
Without Alcohols and Surfactants 109 78 85/109 90 37/41 71 | 48/68 29 20/68 10 4/41
Without Alcohols, Surfactants, and Solids 77 75 58/77 89 24127 68 | 34/50 32 16/50 11 327

Abbreviations: GHS = Globally Harmonized System; ICE = isolated chicken eye; N = number of substances included in this analysis/the total number of substances in the study;
NC = Not Classified (as an irritant); No. = data used to calculate the percentage.

! GHS classification system (UN 2007): NC vs. Category 1/2A/2B.



Table 6-5 | CE False Negative Substances'
In Vivo Classification In Vivo Scores
Substance ) ) Corneal Conjunctival
EPA | GHS EU F;—Ioff F;f;A N Opacity: Score | Redness: Score

0 0 (Day Cleared) | (Day Cleared)
TNO-942 I 1 R41 Irr Irr 3 N=1 2(7) N=2 3(14)
TNO-28° (toilet N=12(7)
bowl cleaner-1) : ! R4l Irr Irr 3 None N=1 3(28)
Methyl N=11(2) N=1 3(7)
cyanoacetate ! 2A R36 Irr Irr 3 N=11(7) N=2 3(14)
. ~ N=12(2)
TNO-9 (paint) Il NC NL Irr Irr 3 N=12(14) N=13(3)
N=12(3)
DMSO 11 2B NL Irr FTR 3 None N=12(4)

Methyl -
cyclopentane 11 NC NL NL NL 6 None N=12(2)
TNO-3 N=12(2)
(pesticide) 11 NC NL Irr Irr 3 None N=12(3)
. _ N=1 3(7)
TNO-29 (toilet |\ 1 5n | Rag | Irr 3 N=11(2) N=12(14)
bowl cleaner-2) N=11(3)

N=1 3(14)
TNO-52 I 2A R36 Irr Irr 3 N=3 1(7) N=3 3(14)

Abbreviations: DMSO = dimethyl sulfoxide; EPA = U.S. Environmental Protection Agency; EU = European Union; FHSA
= U.S. Federal Hazardous Substances Act; FTR = further testing required; GHS = Globally Harmonized System; ICE =
isolated chicken eye; Irr = irritant; N = number of animals; NC = Not Classified (as irritant); NL = Not Labeled (as

irritant); TNO = TNO Nutrition and Food Research Institute, Netherlands.

For the purposes of this evaluation, clearing is defined in the EPA hazard classification system as corneal opacity or iritis
scores = 0 or redness or chemosis scores = 1; in the GHS and EU hazard classification systems as corneal opacity, iritis,
redness, or chemosis scores = 0.

False negative compounds (shaded here) are those that test as nonirritants in vitro but are mild, moderate, or severe ocular

irritants/corrosive in vivo, i.e., EPA Categories I, 11, and 111; GHS Categories 1, 2A, and 2B; and EU R41 and R36.

One animal with ischemic necrosis of conjunctiva; study terminated.
One animal with ischemic necrosis of conjunctiva.

Further analysis of substances according to chemical class for which hazard classification was

underpredicted by the ICE test method indicated that carboxylic acids had the highest proportion of
underpredicted substances (19% [4/21]). Among the underpredicted substances, 12 were liquids and
8 were solids. Six surfactants were underpredicted by the ICE test method (Table 6-6).

According to the GHS classification system, the most overpredicted substances (false positives) were
alcohols, which accounted for 24% (9/37) of the overpredicted substances. Among the overpredicted

substances, 73% (27/37) were liquids, 4 were solids, and six were surfactants (T able 6-6).
6.2 EPA Classification System: ICE Test Method Accuracy

The four studies (Balls et al. 1995; Prinsen 1996, 2005; Prinsen and Koéter 1993) contained ICE test
method data on 174 substances, 140 of which had sufficient in vivo data to be assigned an ocular




irritancy classification according to the EPA classification system (EPA 2003a) (see Annex I11).
Based on results from in vivo rabbit eye experiments, 19% (27/140°) were classified as Category 1,
11% (16/140°) were classified as Category 11, 27% (38/140) were classified as Category 111, and 42%
(59/140) were classified as Category 1V. The remaining 34 substances could not be classified
according to the EPA classification system due to the lack of adequate animal data and are so noted in
Annex I11.

6.2.1 Identification of Category | Substances (Ocular Corrosives/Severelrritants)

The ICE test method correctly identified 48% (13/27) of the Category | substances (Table 6-7).
Among the remaining 52% (14/27) of the Category | substances underpredicted by the ICE test
method, 11% (3/27) were classified as Category 1, 37% (10/27) were classified as Category Ill, and
4% (1/27) were classified as Category IV.

®> One substance (1% sodium hydroxide) was duplicated in the database. Sodium hydroxide (Prinsen and
Koéter 1993) was removed because the in vivo classification corresponded to a 10% solution.
® Triton X-100 (10%) and dibenzyl phosphate were removed because they were classified as Category 11/I11.



Table 6-6 Under - and Overprediction of the |CE Test Method Using the GHS Classification System®in Predicting Ocular Irritant
Classes Compared to the In Vivo Rabbit Eye Test Method by Chemical Classor Physical Property
Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)
Category N (Cizvg(e;rrf/ 1) (cﬁé’gg?tz% (C’\:\tl ISB) '\(Acogterzzt)e (Catel\gclnlrdy og) |  Not Classfied (NC)
NC 2B 2A NC 2B NC 1 2A 1 2B 2A 1
overall 141 3% 34% 10% 9% 18% 9% 36% 18% 0% 27% 8% 0%
(1/29) | (10/29) | (3/29) | (2/22) | (4/22) | (1/11) (8/22) (2/11) | (0/11) | (21/79) | (6/79) | (0/79)
Chemical Class®
Alcohol 12 0% 50% 0% 0% 0% i 83% 100% i 67% 33% 0%
©rR) | AR (0/2) (0/6) | (0/6) (5/6) (1/1) (23) | (@3) | (03)
0 0, 0 0 0, 0, 0,
caouicaca | 10 | B0 | &% [ we [uon ] ]
Ester 9 0% 0% 0% 33% 0% 0% 33% 0% 0% 50% 50% 0%
(1) | (0/1) (0/1) (1/3) | (03) (0/1) (1/3) (0/1) | (0/1) | (2/4) | (214) | (0/4)
Heterocyclic 9 0% 11% 11% 0% 0% i 0% i i 50% 0% 0%
(o/6) | (1/6) (1/6) (/1) | (o) (0/1) 12) | (©r) | (©rR)
Onium Compound 3 0% 0% 33% i i 0% i 0% 0% 100% i i
(0/6) | (0r6) (2/6) (0/1) (1) | ©n) | @n
Properties of Interest
Liquids® 100 6% 17% 11% 5% 21% 13% 37% i i 27% 9% 0%
(1/18) | (3/18) | (2/18) | (1/19) | (4119) (1/8) (7/19) (15/55) | (5/55) | (0/55)
Pesticide 10 0% 50% 0% 0% 100% 0% 0% 0% 0% 50% 0% 0%
(0/4) | (2/4) (0/4) (1) | @n (0/1) (0/1) (/1) | (0/1) | (2/4) | (0/4) | (0/4)
Solids® 35 0% 58% 0% 50% 0% 0% 0% 0% 0% 22% 0% 0%
(0/12) | (7112) | (012) | (12) | (0rR) (0/3) (0/2) (0/3) | (0/3) | (4/18) | (0/18) | (0/18)

continued



Table 6-6 Under - and Overprediction of the |CE Test Method Using the GHS Classification System®in Predicting Ocular Irritant
Classes Compared to the In Vivo Rabbit Eye Test Method by Chemical Class or Physical Property (continued)

Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)
Severe Moderate Mild M oderate Mild s
Category N (Category 1) (Category 2A) (Cat2B) | (Cat 2A) | (Category 2B) Not Classified (NC)
NC 2B 2A NC 2B NC 1 2A 1 2B 2A 1
overall 141 3% 34% 10% 9% 18% 9% 36% 18% 0% 27% 8% 0%
(1/29) | (10/29) | (3/29) | (2/122) | (4/22) (1/11) (8/22) (2/11) | (0/11) | (21/79) | (6/79) | (0/79)
Propertiesof Interest (continued)
surfactant—Total 21 0% 22% 22% i 100% 0% i 0% 0% 67% 0% 0%
(0/9) | (2/9) (2/9) (212) (0/1) (0/1) | (0/1) | (6/9) | (0/9) | (0/9)
“honionic 4 0% 0% 0% 0% 0% 0% 0% 0% 0% 100% ) )
(0/1) (0/1) (0/1) (0/1) (0/1) (0/1) (0/1) (0/1) (0/1) (212)
. 100% 100%
Anionic 2 - (1) - - - - - - - (1/1) - -
Cationic 7 0% 0% 33% i i ) ) ) ) 100% ) )
(0/6) (0/6) (2/6) (1/1)
0% 30% 10% 100%
pH-Total 22 1 oro) | ®r20) | @20 | ; ] ] ] e | ]
- 0% 25% 8% 100%
acidic (pPH<7.0) | 14 1 00 | @) | @i | - ] ] ] ] | en | ]
. 0% 38% 13%
-basic (pH > 7.0) 8 (0120 (3/8) (1/8) - - - - - - - - -

Abbreviations: GHS = Globally Harmonized System; ICE = isolated chicken eye; N = number of substances; NC = Not Classified/not labeled as irritant.
! GHS classification system (UN 2007).

2 Chemical classes included in this table are represented by at least five substances tested in the ICE test method and assignments are based upon National Library of Medicine
medical subject heading (MeSH) categories (www.nlm.nih.gov/mesh) as defined in Annex I.

% Physical form (i.e., solid and liquid) not known for some substances; therefore, the overall number does not equal the sum of the solid and liquid substances.



http://www.nlm.nih.gov/mesh�

Performance of the ICE Test Method in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit Eye Test

Table 6-7
Method, as Defined by the EPA Classification System,* by Study and Overall
Severe M oder ate Mild Not Labeled
Datasource | Overal Corredt (Category 1) (Category I1) (Category I11) (Category 1V)
Classification
Actual Under Over Actual Under Over Actual Under Over Actual
Prinsen and Koéter 75% 100% 0% 100% 0% 0% 0% 50% 50% 0% 100%
(1993) (6/8) (2/2) (0/2) 1) (0/1) (0/1) (0/2) 1/2) (1/2) (0/3) (3/3)
Balls et al, (1995) 46% 53% 47% 30% 50% 20% 50% 40% 10% 100% 0%
' (23/50) (10/19) (9/19) (3/10) (5/10) (2/10) (10/20) | (8/20) (2/20) (1/1) (0/1)
Prinsen (1996) 81% 50% 50% 0% 67% 33% 0% 67% 33% 12% 88%
(29/36) (1/2) (1/2) (0/3) (2/3) a3) (0/6) (4/6) (2/6) (3/25) | (22/25)
Prinsen (2005) 63% 0% 100% 50% 50% 0% 10% 70% 20% 30% 70%
(29/46) (0/4) (4/4) (1/2) 1/2) (0/2) (1/10) (7/10) (2/10) (9/30) | (21/30)
Overall? 62% 48% 52% 31% 50% 19% 29% 53% 18% 22% 78%
(87/140) (13/27) (24/27) (5/16) (8/16) (3/16) (11/38) (20/38) (7/38) (13/59) | (46/59)

! EPA classification system (EPA 2003a).

2 Because Prinsen (2000) includes only four test substances, data from this study were included only in the overall analysis and were not evaluated separately.

Abbreviations: EPA = U.S. Environmental Protection Agency; ICE = isolated chicken eye.



6.2.2 Identification of Category Il Substances (M oderate Ocular Irritants)

For the 16 substances that could be evaluated, the ICE test method correctly identified 50% (8/16) as
Category Il irritants, while 31% (5/16) were overpredicted and 19% (3/16) were underpredicted
(Table 6-7).

6.2.3 Identification of Category I11 (Mild Ocular Irritants)

For the 38 substances that could be evaluated, the ICE test method correctly identified 53% (20/38) as
mild irritants, while 29% (11/38) were overpredicted and 18% (7/38) were underpredicted (Table 6-
7).

6.2.4 Identification of Category IV Substances (Not L abeled)

For the 59 substances that could be evaluated, the ICE test method correctly identified 78% (46/59) as
substances not labeled as irritants, while 22% (46/59) were overpredicted (Table 6-7).

6.2.5 Ability to Distinguish Category IV Substancesfrom All Other Classes

Using this approach for the 140 substances, the ICE test method had an overall accuracy of 83%
(116/140), a sensitivity of 86% (70/81), a specificity of 78% (46/59), a false positive rate of 22%
(13/59), and a false negative rate of 14% (11/81) (Table 6-8).

As detailed below, the results from each individual study were also evaluated separately.

Prinsen and Koéter (1993): Based upon the in vivo rabbit data, eight substances could be assigned
an EPA classification. Among these eight substances, the ICE test method had an accuracy of 88%
(7/8), sensitivity of 80% (4/5), specificity of 100% (3/3), false positive rate of 0% (0/3), and a false
negative rate of 20% (1/5) (Table 6-8).

Balls et al. (1995): Based upon the in vivo rabbit data, 50 substances could be assigned an EPA
classification. Among these 50 substances, the ICE test method has an accuracy of 90% (45/50),
sensitivity of 92% (45/49), specificity of 0% (0/1), false positive rate of 100% (1/1), and a false
negative rate of 8% (4/49) (Table 6-8). Two (4-carboxybenzaldehyde and maneb) of the four false
negative substances were from the discordant classes (both solids).

Prinsen (1996): Based upon the in vivo rabbit data, 36 substances could be assigned an EPA
classification. Among these 36 substances, the ICE test method had an accuracy of 83% (30/36),
sensitivity of 73% (8/11), specificity of 88% (22/25), false positive rate of 12% (3/25), and a false
negative rate of 27% (3/11) (Table 6-8).

Prinsen (2005): Based upon the in vivo rabbit data, 46 substances could be assigned an EPA
classification. Among these 46 substances, the ICE test method had an accuracy of 74% (34/46),
sensitivity of 81% (13/16), specificity of 70% (21/30), a false positive rate of 30% (9/30), and a false
negative rate of 19% (3/16) (Table 6-8).



Table 6-8 Accuracy of thel CE Test Method in Distinguishing Category 1V Substances from All Other Irritant
Classes as Defined by the EPA Classification System,* by Study and Overall

False False
Accurac Sensitivit ecificit .. Negative
Data Sour ce N Y y S y Positive Rate elgate
% No. % No. % No. % No. % No.
Prinsen and Koéter (1993) 8 88 7/8 80 4/5 100 3/3 0 0/3 20 1/5
Balls et al. (1995) 50 90 45/50 92 | 45/49 0 0/1 100 1/1 8 4/49
Prinsen (1996) 36 83 30/36 73 8/11 88 22125 12 3/25 27 3/11
Prinsen (2005) 46 74 34/46 81 | 13/16 70 21/30 30 9/30 19 3/16
Overall? 140 83 | 116/140 | 86 | 70/81 78 46/59 22 13/59 | 14 | 11/81

Abbreviations: EPA = U.S. Environmental Protection Agency; ICE = isolated chicken eye; N = number of substances included in this analysis/the total
number of substances in the study; No. = data used to calculate the percentage.

! EPA classification system (EPA 2003a): Category IV vs. Category I/II/111.
2 Because Prinsen (2000) includes only four test substances, data from this study were included only in the overall analysis and were not evaluated separately.



6.2.6 Performance of the | CE Test Method with Discordant Classes Excluded

The ICE test method limitations identified in the 2006 ICCVAM BRD were based upon the false
positive rate for alcohols and the false negative rates for solids and surfactants when the ICE test
method is used to identify ocular corrosives and severe irritants (ICCVAM 2006a). For this reason,
the performance of the ICE test method in identifying all ocular irritant classes was evaluated with
these substances excluded from the database. The overall performance statistics improved slightly
(e.g., overall correct classification increased from 59% to 64%) when these substances were excluded
(Table 6-9).

When the ability of the ICE test method to distinguish Category IV substances from all other irritant
classes was evaluated with the discordant classes removed, the overall accuracy was generally
unchanged (e.g., overall accuracy decreased from 83% to 82%) when these substances were excluded.
False negative rates changed from 14% (11/81) to 15% (6/39) and false positive rates changed from
22% (13/59) to 21% (8/39) when the discordant classes were removed (Table 6-10).

Following the removal of substances belonging to discordant classes (i.e. alcohols, surfactants and
solids, see also ICCVAM [2006a]), there were six EPA ocular irritants classified as Category IV
using the ICE test method (i.e. were false negatives, see Table 6-5). Among the six false negatives for
the EPA system, 50% (3/6) were EPA Category 111 substances, 33% (2/6) were EPA Category 11
substances, and 17% (1/6) were EPA Category | substances.

Further analysis of substances for which hazard classification was underpredicted by the ICE test
method according to chemical class indicated that carboxylic acids had the highest proportion of
underpredicted substances (17% [4/24]). Of the underpredicted substances, 11 were liquids and
12 were solids. Two surfactants were underpredicted by the ICE test method (Table 6-11).

According to the EPA classification system, the most overpredicted substances (false positives) were
alcohols, which accounted for 21% (6/29) of the overpredicted substances. Of the overpredicted
substances, 79% (23/29) were liquids, 2 were solids, and 1 was a surfactant (T able 6-11).



Table 6-9

Performance of the ICE Test Method in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit Eye Test

Method, as Defined by the EPA Classification System,’ with Discordant Chemical and Physical Classes Excluded

Severe M oder ate Mild Not L abeled
ICE O(\;/fr al_lfpor_r ect (Category I) (Category 1) (Category 111) (Category 1V)
t

asstication Actual Under Over Actual Under Over Actual Under Over Actual

overall 62% 48% 52% 31% 50% 19% 29% 53% 18% 22% 78%
(87/140) @3r7) | aaen | ene) | @me) | @rne) | @auzs) | @ome) | (738) | 13/59) | (46/59)

. 64% 48% 52% 18% 55% 27% 26% 54% 20% 21% 79%

Without Alcohols

(82/128) azzs) | @sres)y | @1 | en1) | @an | oss) | qoss) | ss) | asr) | (asisr)

Without Surfactants 62% 50% 50% 31% 50% 19% 31% 47% 22% 19% 81%
(76/122) 1020) | (1020) | G16) | @r6) | @re) | (1oi32) | @sm2) | (732) | (aors3) | (a3/53)

Without Solids 64% 59% 41% 33% 53% 13% 38% 52% 10% 24% 76%
(68/107) a7y | ann | ehs) | @ns) | @as) | aee) | @sre9) | @r9) | (iae) | (35i6)

Without Alcohols 65% 50% 50% 18% 55% 27% 28% 48% 24% 19% 81%
and Surfactants (71/110) on18) | @18 | ery | ®eny | @Gry | @) | @are) | @29 | aosz) | @2s2)

V‘éﬁ?f‘;t(’;tt aAn't‘S’oggéS 67% 67% 33% 20% 60% 20% 17% 67% 17% 21% 79%
P (52/78) (619) @9 | @10 | ©n1o) | @0 | we) | we | we) | ©n9) | (31/39)

Abbreviations: EPA = U.S. Environmental Protection Agency; ICE = isolated chicken eye.
! EPA classification system (EPA 2003a).




Table 6-10 Accuracy of thel CE Test Method in Distinguishing Category IV Substances from All Other Irritant Classes
as Defined by the EPA Classification System, with Discordant Chemical and Physical Classes Excluded

- N Accuracy Sensitivity Specificity Fal S%Z?:tlve Fal seRl\g?gatlve
% No. % No. % No. % No. % No.

Overall 140 | 83 | 116/140 | 86 | 7081 | 78 | 46559 | 22 | 13559 | 14 | 1ws1

Without Alcohols 128 | 82 | 105/128 | 85 | e0/7L | 79 | 45557 | 21 | 1257 | 15 | wum
Without Surfactants 122 | 82 | 100/122 | 84 | 5768 | 80 | 4354 | 20 | 1us4 | 16 | 1168
Without Solids 107 | 84 | 90/107 | 90 | 5561 | 76 | 35/46 | 24 | 1146 | 10 6/61

Without Alcohols and Surfactants 110 81 89/110 81 47/58 | 81 | 42/52 19 10/52 19 11/58
Without A'COhgc')Sli dSS“rfaCtamS' and | 25 | g2 | 6978 85 | 33/30 | 79 | 3139 | 21 | 839 15 6/39

Abbreviations: EPA = U.S. Environmental Protection Agency; ICE = isolated chicken eye; N = number of substances included in this analysis/the total number of
substances in the study; No. = data used to calculate the percentage.

! EPA classification system (EPA 2003a): Category IV vs. Category l/II/111.



Table6-11 Under - and Over prediction of the ICE Test Method Using the EPA Classification System® in Predicting Ocular Irritant
Classes Compared to the In Vivo Rabbit Eye Test Method by Chemical Classor Physical Property

Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)
Category N Severe Moderate Mild | Moderate Mild Not Labeled
(Category 1) (Category I1) | (Cat I11)]| (Catll) (Cat 111) (Category 1V)
v I [ v I v I 1 I [l 1 I
Overall 140 4% | 37% | 11% | 19% | 0% 18% 31% 21%| 8% 22% 0% 0%
(1/27) | (10/27)| (3/27) | (3/16) | (0/16) | (7/38) (5/16) [(8/38) (3/38) | (13/59) | (0/59) (0/50)
Chemical Class®
Alcohol 1 0% | 50% | 0% 0% 0% -0% 60% 0% | 67% 50% 0% 0%
(0/2) | (1/2) | (0/2) | (0/5) | (O/5) (0/3) (3/5) 0/3)| (213) (1/2) (0/2) (0/2)
0, 0 0, 0, 0, 0, 0,
cabonyicaca | 10| 20 | 40 [ 06 Jroon [ me [ fsmel me | -
Ester 9 ) i ) 25% | 0% 0% 25% 40%| 0% ) ) )
(1/4) | (0/4) (0/5) (1/4) (2/5)| (0/5)
Heterocyclic 8 0% 0% | 20% | 0% 0% 0% 0% 0% 0% ) ) )
(0/5) | (0/5) | (1/5) | (0/1) | (0/1) (0/2) (0/1) 0/2)| (0/2)
Onium Compound | 7 0% 0% | 40% - - 0% - 0% 0% - - -
(0/5) | (0/5) | (2/5) (0/2) 0/2)| (0/2)
Propertiesof Interest
Liquids® 101 6% | 18% | 12% | 13% | 0% 11% 27% 25% | 11% 22% 0% 0%
(1/17)| (3/17) | (2/17)| (2/15) | (0/15)| (3/28) (4/15) [(7/28) (3/28) (9/41) | (0/41) (0/41)
Solids® 34 0% | 70% | 0% | 50% | 0% 44% 0% 0% 0% 15% 0% 0%
(0/10)| (7/10) | (0/10)| (1/2) | (0/2) (4/9) (0/2) 0/9)| (0/9) (2/13) (0/13) (0/13)
Pesticide 10 0% | 75% | 0% 0% 0% 50% 0% 0% 0% 50% 0% 0%
(0/4) | (3/4) | (0/4) | (0/1) | (0O/1) (2/5) (0/1) (0/5)| (0/5) (1/2) (0/2) (0/2)

continued



Table6-11 Under - and Over prediction of the ICE Test Method Using the EPA Classification System® in Predicting Ocular Irritant
Classes Compared to the In Vivo Rabbit Eye Test Method by Chemical Class or Physical Property (continued)

Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)
Categor N Severe Moderate Mild | Moderate Mild Not Labeled
egory (Category 1) (Category I1) | (Cat 111)| (Cat1l) | (Catlll) (Category IV)
v 11 I v 11 v | I | Il I |
overall 140 4% 37% | 11% | 19% 0% 18% 31% 21% 8% 22% 0% 0%
@27y | (1027)| (327) | 316) | (0r16) | (7138) | (5/16) |(8/38) (3/38) | (13/59) | (0/59) (0/50)
Properties of Interest (continued)
Surfactant—Total | 20 0% 29% 0% i 0% 0% i 17% 0% 0% 0% 0%
om | @n | o) ©on) | (om) we)| ©m) | ©m) | (ms) (0/6)
-nonionic 4| - - - - 0% - ) 100%) - - -
(0/1) (/1)
. 100%
Anionic 2 | am - - - - - - - - - -
Cationic 6 0% 0% | 40% - - - - - - - - -
©5) | (©r5) | (25)
0% 25% 6% 0% 0% 0% 0% 0% 0%
pH-Total 19 - - -
©016)| @6 | e)| ) | o) | ) o) || ©2)
- 0% 30% | 10% 0% 0% 0%
acidic (pH<7.0) | 1214 o150 (3110) | 110)| | on T o] o2 ; ) )
. 0% 17% 0% 0% 0% 0%
basic (PH>7.0) | 7 ey | ey | o8y | o) | oy | on | ) ) ; ;

Abbreviations: EPA = U.S. Environmental Protection Agency; ICE = isolated chicken eye; N = number of substances included in this analysis/the total number of substances in the
study.

! EPA classification system (EPA 2003a).

Chemical classes included in this table are represented by at least five substances tested in the ICE test method and assignments are based upon National Library of Medicine
medical subject heading (MeSH) categories (www.nlm.nih.gov/mesh) as defined in Annex I.

Physical form (i.e., solid and liquid) not known for some substances, and therefore the overall number does not equal the sum of the solid and liquid substances.



http://www.nlm.nih.gov/mesh�

6.3 EU Classification System: ICE Test Method Accuracy

The four studies (Balls et al. 1995; Prinsen 1996, 2005; Prinsen and Koéter 1993) contained ICE test
method data on 174 substances, 153 of which had sufficient in vivo data to be assigned an EU ocular
irritancy classification, duplicates removed (EU 2001) (see Annex I11). Based on results from in vivo
rabbit eye experiments, 21% (32/153") were classified as severe irritants (R41), 18% (28/153) were
classified as moderate irritants (R36), and 61% (93/153) were classified as Not Labeled. The
remaining 21 substances could not be classified according to the EU classification system due to the
lack of adequate animal data and are so noted in Annex I11.

6.3.1 Identification of R41 Substances (Ocular Corrosives/Severe Irritants)

The ICE test method correctly identified 59% (19/32) of the R41 substances (T able 6-12). Among the
remaining 41% (13/32) R41 substances that were underpredicted by the ICE test method, 22% (7/32)
were classified as R36, and 19% (6/32) were classified as Not Labeled.

6.3.2 Identification of R36 Substances (Moderate Ocular Irritants)

Of the 28 substances that could be evaluated, the ICE test method correctly identified 57% (16/28) as
moderate irritants, while 18% (5/28) were overpredicted and 25% (7/28) were underpredicted
(Table 6-12).

6.3.3 ldentification of Not L abeled Substances

Of the 93 substances that could be evaluated, the ICE test method correctly identified 89% (83/93) as
substances not labeled as irritants, while 11% (10/93) were overpredicted (T able 6-12).

Table 6-12 Performance of the | CE Test Method in Predicting Ocular Irritant Classes
Compared to the In Vivo Rabbit Eye Test Method, as Defined by the EU
Classification System,* by Study and Overall

Overall Severe M oder ate Not Labeled
Data Source Correct (R41) (R36)
Classfication| Actual | Under | Over Actual | Under | Over | Actual
Prinsen and Koéter 100% 100% 0% 0% 100% 0% 0% 100%
(1993) (19/19) (717 (017) (0/3) (313) (0/3) (0/9) (9/9)
Balls et al. (1995) 52% 56% 44% 29% 50% 31% 50% 50%
' (25/48) (10/18) | (8/18) | (414) | (74) | (314) | (8/116) | (8/16)
Prinsen (1996) 94% 50% 50% 0% 67% 33% 8% 92%
(34/36) (1/2) (1/2) (0/3) (2/13) @) | @136) | (33/36)
Prinsen (2005) 80% 0% 100% 17% 50% 33% 6% 94%
(37/46) (0/14) (414) (1/6) (3/6) ©6) | (36) | (34/36)
Overall? 7% 59% 41% 18% 57% 25% 11% 89%
(118/153) | (19/32) | (13/32) | (5/28) | (16/28) | (7/28) | (10/93) | (83/93)

Abbreviations: EU = European Union; ICE = isolated chicken eye.

! EU classification system (EU 2001).

2 Because Prinsen (2000) includes only four test substances, data from this study were included only in the overall analysis
and were not evaluated separately.

" 1% sodium hydroxide was duplicated in the database. Sodium hydroxide (Prinsen and Koéter, 1993) was
removed because the in vivo classification corresponded to a 10% solution.



6.3.4 Ability to Distinguish Not L abeled Substances from All Other Classes

In addition to evaluating the ability of the ICE test method to identify each individual ocular hazard
category according to the EU classification system, ICCVAM evaluated the ability of the ICE test
method to distinguish substances not labeled as irritants from all irritant classes.® Using this approach
for the 153 substances considered, the ICE test method has an overall accuracy of 85% (130/153), a
sensitivity of 78% (47/60), a specificity of 89% (83/93), a false positive rate of 11% (10/93), and a
false negative rate of 22% (13/60) (T able 6-13).

As detailed below, the results from each individual study were also evaluated separately.

Prinsen and K oéter (1993): Based upon the in vivo rabbit data, 19 substances could be assigned an
EU classification. Among these 19 substances, the ICE test method has an accuracy of 100% (19/19),
sensitivity of 100% (10/10), specificity of 100% (9/9), false positive rate of 0% (0/9), and a false
negative rate of 0% (0/10) (Table 6-13).

Balls et al. (1995): Based upon the in vivo rabbit data, 48 substances could be assigned an EU
classification. Among these 48 substances, the ICE test method has an accuracy of 69% (33/48),
sensitivity of 78% (25/32), specificity of 50% (8/16), false positive rate of 50% (8/16), and a false
negative rate of 32% (7/32) (Table 6-13). Six of the 7 substances identified as false negatives were
from the discordant classes (alcohol, solids, surfactants).

Prinsen (1996): Based upon the in vivo rabbit data, 36 substances could be assigned an EU
classification. Among these 36 substances, the ICE test method has an accuracy of 94% (34/36),
sensitivity of 60% (3/5), specificity of 100% (31/31), false positive rate of 0% (0/31), and a false
negative rate of 40% (2/5) (Table 6-13).

Prinsen (2005): Based upon the in vivo rabbit data 46 substances could be assigned an EU
classification. Among these 46 substances, the ICE test method has an accuracy of 89% (41/46),
sensitivity of 70% (7/10), specificity of 94% (34/36), a false positive rate of 6% (2/36), and a false
negative rate of 30% (3/10) (Table 6-13).

® The 2006 ICCVAM BRD (2006a) provides an evaluation of the ICE test method for distinguishing ocular
corrosives and severe irritants from all other classes. Because the database of ICE test method results has not
changed, this analysis has not been repeated here.



Table 6-13 Accuracy of the | CE Test Method in Distinguishing Not Labeled Substances from All Other Irritant Classes as Defined by
the EU Classification System,’ by Study and Overall

o e False Positive False Negative
Data Sour ce N Accuracy Sensitivity Specificity Rate Ra?g

% No. % No. % No. % No. % No.

Prinsen and Koéter (1993) 19 100 19/19 100 10/10 100 9/9 0 0/9 0% 0/10
Balls et al. (1995) 48 69 33/48 78 25/32 50 8/16 50 8/16 32 7132
Prinsen (1996) 36 94 34/36 60 3/5 100 | 31/31 0 0/31 40 2/5
Prinsen (2005) 46 89 41/46 70 7/10 94 34/36 6 2/36 30 3/10
Overall® 153 85 | 130/153 78 47/60 89 83/93 11 10/93 22 13/60

Abbreviations: EU = European Union; ICE = isolated chicken eye; N = number of substances included in this analysis/the total number of substances in the study; No. = data used
to calculate the percentage.

! EU classification system (EU 2001): Not Labeled vs. R41/R36.

2 Because Prinsen (2000) includes only four test substances, data from this study were included only in the overall analysis and were not evaluated separately.



6.3.5 Performance of the | CE Test Method with Discordant Classes Excluded

The ICE test method limitations identified in the 2006 ICCVAM BRD were based upon the false
positive rate for alcohols and the false negative rates for solids and surfactants when the ICE test
method is used to identify ocular corrosives and severe irritants (ICCVAM 2006a). For this reason,
the performance of the ICE test method for identifying all ocular irritant classes was evaluated with
these substances excluded from the database. However, the performance statistics were slightly
improved (77% versus 80%) when these substances were excluded relative to the performance with
the entire database (Table 6-14).

When the evaluation was broadened to the ability of the ICE test method to distinguish Not Labeled
substances from all other irritant classes, and the discordant classes were removed, overall accuracy
of the ICE method was unchanged at 85% (130/153 and 70/82). False positive and false negative rates
also were generally comparable when the discordant classes were removed. False negative rates
changed from 22% (13/60) to 19% (5/26), and false positive rates changed from 11% (10/93) to 12%
(7/56) when the discordant classes were removed (T able 6-15).

Following the removal of substances belonging to discordant classes (i.e. alcohols, surfactants, and
solids, see also ICCVAM [2006a]), there were five EU ocular irritants classified as Not Labeled using
the ICE test method (i.e., they were false negatives, see Table 6-5). Among the five false negatives
for the EU system, 60% (3/5) were EU Category R36 substances, and 40% (2/5) were EU Category
R41 substances.

Further analysis of underpredicted (false negative) results by chemical class indicated that onium
compounds were the most underpredicted, with 3 of the 20 substances underpredicted. Six in vivo
severe substances (carboxylic acid, heterocyclic, and an inorganic) were underclassified as Not
Labeled. One of these substances had a pH <7, while 3 had a pH >7. Regarding the physical form of
underpredicted substances, 12 were liquids, 8 were solids, and 6 were surfactants (T able 6-16).

According to the EU classification system, the most overpredicted substances (false positives) were
alcohols, which accounted for 4 of the 15 substances overpredicted overall. Regarding the physical
form of overpredicted substances, 14 were liquids and 2 were surfactants (T able 6-16).



Table 6-14 Performance of the ICE Test Method in Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit Eye Test
Method, as Defined by the EU Classification System,* with Discordant Chemical and Physical Classes Excluded

Severe M oder ate
Not Labeled
IcE erasication (R4 (R39)

Actual Under Over Actual Under Over Actual

Overall 7% 59% 41% 18% 57% 25% 11% 89%
(118/153) (19/32) (13/32) (5/28) (16/28) (7/28) (10/93) (83/93)

Without Alcohols 78% 59% 41% 13% 57% 30% 9% 91%
(109/139) (17/29) (12/29) (3/23) (13/23) (7123) (8/87) (79/87)

Without Surfactants 79% 63% 37% 20% 60% 20% 11% 89%
(104/132) (15/24) (9/24) (5/25) (15/25) (5/25) (9/83) (74/83)

Without Solids 77% 63% 37% 20% 60% 20% 14% 86%
(89/116) (12/19) (7/19) (5/25) (15/25) (5/25) (10/72) (62/72)

Without Alcohols and 81% 62% 38% 15% 60% 25% 9% 91%
Surfactants (95/118) (13/21) (8/21) (3/20) (12/20) (5/20) @7 (70/77)

Without Alcohols, 80% 67% 33% 18% 65% 18% 13% 87%
Surfactants, and Solids (66/82) (6/9) (3/9) (3/17) (11/17) (3/17) (7/56) (49/56)

Abbreviations: EU = European Union; ICE = isolated chicken eye.
! EU classification system (EU 2001).



Table 6-15 Accuracy of the | CE Test Method in Distinguishing Not Labeled Substances from All Other Irritant Classes as Defined by
the EU Classification System," with Discordant Chemical and Physical Classes Excluded

. N Accuracy Sensitivity Specificity Falszl:?gtive FalseRNa?gative
% No. % No. % No. % No. % No.
Overall 153 85 130/153 78 47/60 89 83/93 11 10/93 22 13/60
Without Alcohols 139 85 118/139 75 39/52 91 79/87 9 8/87 25 13/52
Without Surfactants 132 85 112/132 78 38/49 89 74/83 11 9/83 22 11/49
Without Solids 116 85 99/116 84 37/44 86 62/72 14 10/72 16 7/44
Without Alcohols and Surfactants 118 85 100/118 73 30/41 91 70/77 9 777 27 11/41
Without Alcohols, Surfactants, and | g5 | g5 | o2 | 81 | su26 | 88 | do5se | 12 | 7556 | 19 5/26

Abbreviations: EU = European Union; ICE = isolated chicken eye; N = number of substances included in this analysis/the total number of substances in the study; No. = data used
to calculate the percentage.

! EU classification system (EU 2001): Not Labeled vs. R41/R36.



Table 6-16 Under - and Over prediction of the |CE Test Method Using the EU Classification System® in Predicting Ocular Irritant
Classes Compared to the In Vivo Rabbit Eye Test Method by Chemical Classor Physical Property

Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)
Severe Mild/Mod | Mild/Mod
Category N (R41) (R36) (R36) Not Labeled (NL)
NL R36 NL R41 R36 R41
Overall 153 18% 22% 25% 18% 10% 1%
(6/32) (7/32) (7/28) (5/28) (9/93) (1/93)
Chemical Class®
Alcohol 14 0% 33% 0% 40% 17% 17%
(0/3) (1/3) (0/5) (2/5) (1/6) (1/6)
. . 17% 0% 50% 0% 0% 0%
Carboxylic Acid 10 (1/6) (0/6) (172) 0R2) 0R2) (0R2)
Ester 9 0% 0% 33% 33% 40% 0%
(0/1) (0/1) (1/3) (1/3) (2/5) (0/5)
Heterocvelic 9 17% 17% 0% 0% 0% 0%
Y (1/6) (1/6) (0/1) (0/1) (0/2) (0/2)
Inoraanic 5 50% 0% 0% 0% 0% 0%
g (1/2) (0/2) (0/1) (0/1) (0/2) (0/2)
Onium Compound 8 0% 33% 100% - 0% 0%
P (0/6) (2/6) (1/1) (0/1) (0/1)
Polvether . ) 100% 100% ) 0% 0%
y (1/1) (1/1) (0/3) (0/3)
Properties of I nterest
Liquids® 112 8% 21% 23% 18% 14% 2%
g (2/124) (5/24) (5/22) (4/22) 9/66 (1/66)
.3 27% 13% 66% 0% 0% 0%
Solids 39
(4/15) (2/15) (213 (0/3) (0/21) (0/21)

continued



Table 6-16 Under - and Over prediction of the |CE Test Method Using the EU Classification System® in Predicting Ocular Irritant
Classes Compared to the In Vivo Rabbit Eye Test Method by Chemical Class or Physical Property (continued)
Underprediction (In Vivo/ln Vitro) Overprediction (In Vivo/ln Vitro)
Severe Mild/Mod | Mild/Mod
Category N (R41) (R36) (R36) Not Labeled (NL)
NL R36 NL R41 R36 R41
Overall 153 18% 22% 25% 18% 10% 1%
(6/32) (7/32) (7/28) (5/28) (9/93) (1/93)
Properties of Interest (continued)
Pesticide 1 20% 20% 1% ) 0% 0%
(1/5) (1/5) (1/1) (0/5) (0/5)
0% 44% 67% 0% 17% 0%
Surfactant—Total 24 (0/9) (4/9) (213) (0/3) (2/12) (0/12)
_nonionic 5 i 100% 100% i 67% 0%
(11) (1) (2/3) (0/3)
Anionic 3 0% 0% 0% 0% 0% 0%
(0/1) (0/1) (01) (0/1) (0/1) (0/1)
Cationic 7 0% 33% - - 0% 0%
(0/6) (2/6) (0/1) (0/1)
22% 17% 0% 0%
pH-Total 201 ans) (3/18) - - (012) (012)
- 9% 18% 0% 0%
-acidic (pH<7.0) | 13 | qpq) /1) - - (0R2) (072)
. 43% 14%
-basic (pH > 7.0) 7 (3/7; (1/7; - - - -

Abbreviations: EU = European Union; ICE = isolated chicken eye; N = number of substances included in this analysis/the total number of substances in the study; NL = Not
Labeled (as irritant).

! EU classification system (EU 2001).

Chemical classes included in this table are represented by at least five substances tested in the ICE test method, and assignments are based upon National Library of Medicine
medical subject heading (MeSH) categories (www.nlm.nih.gov/mesh) as defined in Annex I.

Physical form (i.e., solid and liquid) not known for some substances; therefore, the overall number does not equal the sum of the solid and liquid substances.



http://www.nlm.nih.gov/mesh�

6.4 FHSA Classification System: ICE Test Method Accuracy

The four studies (Prinsen and Koéeter 1993; Balls et al. 1995; Prinsen 1996; Prinsen 2005) contained
ICE test method data on 174 substances, 146 and 138 of which had sufficient in vivo data to be
assigned an ocular irritancy classification according to the FHSA-20% and FHSA-67% criteria,
respectively. Based on results from in vivo rabbit eye experiments using the FHSA-20% criteria, 58%
(84/146) were classified as irritants and 42% (62/146) were classified as Not Labeled. The remaining
28 substances could not be classified according to the FHSA-20% criteria due to lack of adequate
data and are so noted in Annex I11.

Based on results from in vivo rabbit eye experiments using the FHSA-67% criteria, 55% (76/138)
were classified as irritants and 45% (62/138) were classified as Not Labeled. The remaining

36 substances could not be classified according to the FHSA-67% criteria due to lack of adequate
data and are so noted in Annex I11.

6.4.1 Ability to Distinguish Not Labeled Substances from Irritants

ICCVAM evaluated the ability of the ICE test method to distinguish substances not labeled as
irritants from irritants. Using this approach for the 146 substances classified according to the FHSA-
20% criteria, the ICE test method has an overall accuracy of 83% (121/146), a sensitivity of 88%
(74/84), a specificity of 76% (47/62), a false positive rate of 24% (15/62), and a false negative rate of
12% (10/84) (Table 6-17).

Using this approach for the 138 substances classified according to the FHSA-67% criteria, the ICE
test method has an overall accuracy of 84% (116/138), a sensitivity of 91% (69/76), a specificity of
76% (47/62), a false positive rate of 24% (15/62), and a false negative rate of 9% (7/76) (Table 6-18).

As detailed below, the results from each individual study were evaluated separately.

Prinsen and K 6eter (1993): Based upon in vivo rabbit data using the FHSA-20% criteria

(Table 6-17), ten substances could be assigned a classification. Among these ten substances, the ICE
test method has an accuracy of 80% (8/10), sensitivity of 83% (5/6), specificity of 75% (3/4), a false
positive rate of 25% (1/4), and a false negative rate of 17% (1/6).

Based upon in vivo rabbit data using the FHSA-67% analysis method (Table 6-18), nine substances
could be assigned a classification. Among these nine substances, the ICE test method has an accuracy
of 89% (8/9), sensitivity of 100% (5/5), specificity of 75% (3/4), a false positive rate of 25% (1/4),
and a false negative rate of 0% (0/5).

Ballset al. (1995): Based upon in vivo rabbit data using the FHSA-20% criteria (Table 6-17), 53
substances could be assigned a classification. Among these 53 substances, the ICE test method has an
accuracy of 91% (48/53), sensitivity of 94% (47/50), specificity of 33% (1/3), a false positive rate of
67% (2/3), and a false negative rate of 6% (3/50).

Based upon in vivo rabbit data using the FHSA-67% criteria (Table 6-18), 48 substances could be
assigned a classification. Among these 48 substances, the ICE test method has an accuracy of 90%
(43/48), sensitivity of 93% (42/45), specificity of 33% (1/3), a false positive rate of 67% (2/3), and a
false negative rate of 7% (3/45).

Prinsen (1996): Based upon in vivo rabbit data using the FHSA-20% criteria (Table 6-17),

38 substances could be assigned a classification. Among these 38 substances, the ICE test method has
an accuracy of 84% (32/38), sensitivity of 77% (10/13), specificity of 88% (22/25), a false positive
rate of 12% (3/25), and a false negative rate of 23% (3/13).

Based upon in vivo rabbit data using the FHSA-67% criteria (Table 6-18), 37 substances could be
assigned a classification. Among these 37 substances, the ICE test method has an accuracy of 86%



(32/37), sensitivity of 83% (10/12), specificity of 88% (22/25), a false positive rate of 12% (3/25),
and a false negative rate of 17% (2/12).

Prinsen (2005): Based upon in vivo rabbit data using the FHSA-20% criteria (Table 6-17),

44 substances could be assigned a classification. Among these 44 substances, the ICE test method has
an accuracy of 73% (32/44), sensitivity of 79% (11/14), specificity of 70% (21/30), a false positive
rate of 30% (9/30), and a false negative rate of 21% (3/14).

Based upon in vivo rabbit data using the FHSA-67% criteria (Table 6-18), 43 substances could be
assigned a classification. Among these 43 substances, the ICE test method has an accuracy of 74%
(32/43), sensitivity of 85% (11/13), specificity of 70% (21/30), a false positive rate of 30% (9/30),
and a false negative rate of 15% (2/13).



Table 6-17 Accuracy of the | CE Test Method in Distinguishing Not Labeled Substances from Irritants as Defined by the FHSA-20%
Criteria,* by Study and Overall

Accuracy Sensitivity Specificity False Positive Rate False Negative Rate
Data Sour ce N
% No. % No. % No. % No. % No.
Prinsen and Koéter (1993) 10 80 8/10 83 5/6 75 3/4 25 1/4 17 1/6
Balls et al. (1995) 53 91 48/53 94 | 47/50 | 33 1/3 67 2/3 6 3/50
Prinsen (1996) 38 84 32/38 77 | 10/13 | 88 | 22/25 12 3/25 23 3/13
Prinsen (2005) 44 73 32/44 79 | 11/14 | 70 | 21/30 30 9/30 21 3/14
Overall? 146 | 83 121/146 88 | 74/84 | 76 | 47162 24 15/62 12 10/84

Abbreviations: FHSA = Federal Hazardous Substances Act; ICE = isolated chicken eye; N = number of substances; No. = data used to calculate the percentage.

' For the FHSA classification system (FHSA 2005), “proportionality” criteria (i.e., FHSA-20%) were applied for the purpose of assigning an FHSA classification for test results
that would require additional testing according to the FHSA sequential testing strategy in order to maximize the number of substances included in these analyses.

2 Because Prinsen (2000) includes only one test substance that could be classified by FHSA-20%, data from this study were included only in the overall analysis and were not
evaluated separately.



Table 6-18 Accuracy of the | CE Test Method in Distinguishing Not Labeled Substances from Irritants as Defined by the FHSA-67%
Criteria,* by Study and Overall

e o False Positive False Negative
Data Sour ce N Accuracy Sensitivity Specificity Rate Ra?g

% No. % No. % No. % No. % No.

Prinsen and Koéter (1993) 9 89 8/9 100 5/5 75 3/4 25 1/4 0 0/5
Balls et al. (1995) 48 90 43/48 93 42/45 33 1/3 67 2/3 7 3/45
Prinsen (1996) 37 86 32/37 83 10/12 88 22/25 12 3/25 17 2/12
Prinsen (2005) 43 74 32/43 85 11/13 70 21/30 30 9/30 15 2/13
Overall? 138 84 116/138 91 69/76 76 47162 24 15/62 9 7176

Abbreviations: FHSA = Federal Hazardous Substances Act; ICE = isolated chicken eye; N = number of substances; No. = data used to calculate the percentage.
! For the FHSA classification system (FHSA (2005), “proportionality” criteria (i.e., FHSA-67%) were applied for the purpose of assigning an FHSA classification for test results
that would require additional testing according to the FHSA sequential testing strategy in order to maximize the number of substances included in these analyses.

2 Because Prinsen (2000) includes only one test substance that could be classified by FHSA-67%, data from this study were included only in the overall analysis and were not
evaluated separately.



6.4.2 Performance of the | CE Test Method with Discordant Classes Excluded

The previous ICCVAM BRD identified limitations of the ICE test method based upon the false
positive rate for alcohols and the false negative rates for solids and surfactants when the ICE test
method is used to identify ocular corrosives and severe irritants (ICCVAM 2006a). For this reason,
the performance of the ICE test method in identifying FHSA irritants using the FHSA-20% and
FHSA-67% criteria was evaluated with these substances excluded from the database. The overall
performance statistics using the FHSA-20% criteria (T able 6-19) or the FHSA-67% criteria
(Table 6-20) were not affected by the exclusion of substances belonging to any of the three
discordant classes or by any combinations of them.

The ability of the ICE test method to distinguish substances not labeled as irritants from irritants as
defined by the FHSA-20% criteria was evaluated with the discordant classes removed separately and
in combination (Table 6-19). The overall accuracy of the ICE database was 83% (121/146) compared
to 82% (62/76) with all previously discordant alcohols, surfactants, and solids removed. The overall
false negative rate of 12% (10/84) ranged from a low of 8% (5/60) with solids removed to a high of
17% (10/59) with alcohols and surfactants removed. However, the overall false positive rate increased
from 24% (47/62) to 27% (13/49) when solids were removed and decreased marginally to 21%
(11/53) when alcohols and surfactants were removed.

The ability of the ICE test method to distinguish substances not labeled as irritants from irritants as
defined by the FHSA-67% criteria was evaluated with the discordant classes removed separately and
in combination (Table 6-20). The overall accuracy of the ICE database was 84% (116/138) compared
to 82% (59/72) with all previously discordant alcohols, surfactants, and solids removed. The overall
false negative rate of 9% (7/76) ranged from a low of 7% (4/54) with solids removed to a high of 13%
with alcohols and surfactants removed (10/59) or alcohols, surfactants, and solids (9/40) removed.
However, the overall false positive rate increased marginally from 24% (15/62) to 27% (13/49) when
solids were removed and decreased slightly to 21% (11/53) when alcohols and surfactants were
removed.

Following the removal of substances belonging to the discordant classes (i.e., alcohols, surfactants
and solids; see ICCVAM 2006a), there were five FHSA-20% criteria ocular irritants and four FHSA-
67% criteria ocular irritants classified as Not Labeled as Irritant by the ICE test method (i.e., false
negatives; see Table 6-5).



Table 6-19 Accuracy of thel CE Test Method in Distinguishing Not Labeled Substances from Irritants as Defined by the FHSA-20%
Criteria,* with Discordant Chemical and Physical Classes Excluded

. N Accuracy Sensitivity Specificity Fal S%Z?:tlve FalseRl\;?ganve

% No. % No. % No. % No. % No.

Overall 146 83 121/146 88 74/84 76 | 47/62 24 15/62 12 10/84

Without Alcohols 132 83 109/132 78 64/74 78 | 45/58 22 13/58 14 10/74

Without Surfactants 124 82 102/124 86 59/69 78 | 43/55 22 12/55 14 10/69

Without Solids 109 83 91/109 92 55/60 73 | 36/49 27 13/49 8 5/60

Without Alcohols and Surfactants 112 81 91/112 83 49/59 79 | 42/53 21 11/53 17 10/59

Without Alcohols, Surfactants, and Solids 76 82 62/76 86 31/36 78 | 31/40 23 9/40 14 5/36

Abbreviations: FHSA = U.S. Federal Hazardous Substances Act; ICE = isolated chicken eye; N = number of substances included in this analysis/the total number of substances in
the study; No.'= data used to calculate the percentage.

! For the FHSA classification system (FHSA 2005), “proportionality” criteria (i.e., FHSA-20%) were applied for the purpose of assigning an FHSA classification for test results
that would require additional testing according to the FHSA sequential testing strategy in order to maximize the number of substances included in these analyses.



Table 6-20 Accuracy of thel CE Test Method in Distinguishing Not Labeled Substances from Irritants as Defined by the FHSA-67%
Criteria,* with Discordant Chemical and Physical Classes Excluded

. N Accuracy Sensitivity Specificity Fal S%Z?:tlve FalseRl\;?ganve
% No. % No. % No. % No. % No.
Overall 138 84 116/138 91 69/76 76 | 47/62 24 15/62 9 7176
Without Alcohols 124 84 104/124 89 59/66 78 | 45/58 22 13/58 11 7/66
Without Surfactants 116 84 99/118 89 56/63 78 | 43/55 22 12/55 11 7163
Without Solids 103 83 86/103 93 50/54 73 | 36/49 27 13/49 7 4/54
Without Alcohols and Surfactants 106 83 88/106 87 46/53 79 | 42/53 21 11/53 13 7/53
Without Alcohols, Surfactants, and Solids 72 82 59/72 88 28/32 78 | 31/40 23 9/40 13 4/32

Abbreviations: FHSA = U.S. Federal Hazardous Substances Act; ICE = isolated chicken eye; N = number of substances included in this analysis/the total number of substances in
the study; No.'= data used to calculate the percentage.

! For the FHSA classification system (FHSA (2005), “proportionality” criteria (i.e., FHSA-67%) were applied for the purpose of assigning an FHSA classification for test results
that would require additional testing according to the FHSA sequential testing strategy in order to maximize the number of substances included in these analyses.



7.0 Isolated Chicken Egg Test Method Relia