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6.1.1.3  Identification 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).

6.1.1.4  Identification of Not Labeled Substances

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

6.1.1.5  Ability to Distinguish Substances Not Labeled as Irritants 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 GHS 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'. Using this approach of identifying substances not labeled as
irritants from all other classes for the 59 substances considered, the HET-CAM test method
has 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.
Gettings et 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).

» ' ICCVAM (2006) provides an evaluation of the HET-CAM test method for distinguishing ocular corrosives
and severe irritants from all other classes. Since the database of HET-CAM test method results has not
changed, this analysis has not been repeated here.
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1272

1273 Table 6-2 Accuracy of the HET-CAM Test Method (IS[A]) for Distinguishing Not Classified Substances from All Other

1274 Irritant Classes as Defined by the GHS Classification System', by Study and Overall
o e P Accuracy Sensitivity Specificity Fals;lzl;):itive Falseli\; igative
% 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

1275  'GHS = Globally Harmonized System (UN2003); NC vs Cat 1/2A/2B.

1276 *N=Number of substances included in this analysis/the total number of substances in the study.

1277  *No.=Data used to calculate the percentage.

1278 *QOverall 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

1279 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
1280 classified in vitro as Category1/Category 2A in the rabbit eye test.
1281
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Gettings et al. (1996): Based on the in vivo rabbit data, 24 substances could be assigned a
GHS classification. Based on 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).

Hagino et al. (1999): Based upon the in vivo rabbit data, 15 substances could be assigned a
GHS classification. Based on 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).

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

Because a specific analysis method is the focus of the evaluation of HET-CAM for
identifying all hazard categories (the IS[A] analysis method), 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). The results indicate that alcohols tend to be overpredicted
by HET-CAM (i.e., 75% [4/6] of alcohols classified as Category 2B or Not Classified based
on Draize test results [and depending on the classification system used] 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 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 were underpredicted as Not Classified.

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 Category 1 substances can be improved by excluding certain

product types (i.e., surfactant based formulations, see Table 6-3).

When the ability of the HET-CAM test method to distinguish Not Classified substances from

all irritant classes was evaluated with the specific chemical and product classes removed, the
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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).
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Table 6-3 Evaluation of the 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 Exclusion
of Discordant Chemical and Physical Classes

2 3 o734 5
HET-CAM Overall Correct Severe Moderate Mild Not Labeled
Database Classification
Actual Under Over Actual Under Over Actual Under Over Actual
Overall 41% 50% 50% - - - 80% 20% 0% 64% 36%
¢ (24/59) (13126) | (13/26) (0/0) (0/0) (0/0) (4/5) (1/5) 0/5) | (1828) | (10/28)
w/o Alcohol 47% 46% 54% ) ) ) 67% 33% 33% 58% 42%
0 AlcOhols (24/51) (1124) | (13/29) 2/3) (1/3) (13) | (1424) | (1024)
w/o Surfactant 49% 90% 10% ) ) ) 100% 0% 0% 64% 36%
Formulations (17/35) (9/10) (1/10) (3/3) (0/3) 03) | (1422) | (822)
w/o Oil/Water 41% 48% 52% ] ] ) 80% 20% 0% 82% 18%
Emulsions (15/41) (1225) | (13/25) (4/5) (1/5) (0/5) 9/11) (2/11)
wio Aleohols and 56% 87% 12% ] ] ] 100% | 0% 0% 6% | 44%
Formulations (15/27) (7/8) (1/8) (1/1) (0/1) o/1)y | (1018) | (8/18)
wio Slconols and 39% 44% 56% ] ] ] 67% | 33% | 0% 7% | 29%
Emulsions (13/33) (10/23) (13/23) 2/3) (1/3) 0/3) 5/7) 2/7)

w/o Alcohols,

pourfactant 67% 86% 14% ] ] ] 100% | 0% 0% | 100% | 0%

and Oil/ Water (6/9) (6/7) /7 (1/1) (0/1) (0/1) (1/1) (0/1)

Emulsions

Abbreviations: GHS = Globally Harmonized System; HET-CAM = Hen’s Egg Test — Chorioallantoic Membrane
'GHS classification system (UN 2007). “Severe = Category 1. *Moderate = Category 2A. “Mild = Category 2B. *Not Labeled = Not Classified.
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1331  Table 6-4 Accuracy of the HET-CAM Test Method (IS[A]) for Distinguishing Substances not labeled as irritants from All

1332 Other Irritant Classes as Defined by the GHS Classification System', with Exclusion of Discordant Chemical
1333 and Physical Classes
False False
HET-CAM Database ) Accuracy Sensitivity Specificity Positive Negative
N Rate Rate
% No.? % No. % No. % No. % No.
Overall 59 69 41/59 100 | 31/31 | 36 | 10/28 | 64 | 1828 | 0 0/31
w/o Alcohols 51 73 37/51 100 | 27/27 0 0/3 58 14724 | 0 0/27
w/o Surfactant Formulations 35 60 21/35 100 13/13 | 36 8/22 64 14/22 0 0/13
w/o Oil/Water Emulsions 41 78 32/41 100 | 30/30 | 18 2/11 82 9/11 0 0/30
w/o Alcohols and Surfactant Formulations | 27 63 17/27 100 9/9 44 | 8/18/ 56 10/18 0 0/9
w/o Alcohols and Oil/Water Emulsions 33 85 28/33 100 | 26/26 | 29 2/7 71 5/7 0 0/26
w/o Alcohols, Surfactant Formulations,
and Oil/Water Emulsions 9 67 6/9 100 8/8 0 0/1 100 1/1 0 0/8

1334 Abbreviations: GHS = Globally Harmonized System; HET-CAM = Hen’s Egg Test — Chorioallantoic Membrane
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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 Category 1 surfactants, 75% (12/16) were underpredicted (Table 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 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 (Table 6-5).

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 from 63 substances, 60
of which had sufficient in vivo data to be assigned an ocular irritancy classification according
to the EPA classification system (EPA 1996) (see Appendix C). Based on results from in
vivo rabbit eye experiments, 41% (26/63) were classified as severe irritants (i.e., Category 1),
3% (2/61) were classified as moderate irritants (i.e., Category II), 29% (18/63) were
classified as mild irritants (i.e., Category III), and 24% (15/63) were classified as not labeled
(i.e., Category IV). The remaining 3% (2/63) of substances could not be classified according
to the EPA classification system due to the lack of adequate animal data and are so noted in

Appendix C.

6.1.2.1  Identification of Category I Substances (Ocular Corrosives/Severe Irritants)

The HET-CAM test method correctly identified 48% (12/25) of the Category 1 substances
(Table 6-6). Among the remaining 52% (13/25) Category 1 substances that were
underpredicted by HET-CAM, 40% (10/25) were classified as Category 2A, and 12% (3/25)

were classified as Category 2B.

6-13



HET-CAM Draft Mild/Moderate Ocular Irritants BRD: Section 6 27 March 2009

1361  Table 6-5 Evaluation of the Performance of the HET-CAM Test Method Using the GHS' Classification System In Predicting

1362 Ocular Irritant Classes Compared to the In Vivo Rabbit Eye Test Method by Chemical Class or Physical
1363 Property
Underprediction (In Vivo/In Vitro) Overprediction (In Vivo/In Vitro)
Categor N 2 ¥ 2B 2A i
gory 1 (Severe) 2A (Moderate) (Mil d)4 (Mod) 2B (Mild) NL (Not Labeled)
NL 2B 2A NL 2B NL 1 2A 1 2B 2A 1
Overall 59 0% 8% 42% ) ) 0% ) 20% 60% 32% 14% 18%
¢ 026) | (2126) | (1126) (0/5) /5 | @35 | 928) | @r28) | (5128
Chemical Class®
Alcohol o 0% 0% 0% ] ] 0% ] 0% | 100% | 0% | 50% | 50%
(0/2) (0/2) (0/2) (0/2) 02) | @R o4 | e | @4
Carboxvlic acid 5 0% 0% 25% ] ] 0% ] 0% | 100% ] ] ]
Oxyleac 0/4) | (04 (1/4) (0/1) o/ | @/
Organic salt 6 0% 0% 17% - - - - - - - - -

(0/6) (0/6) (1/6)

Properties of Interest

Liquids 58 0% 8% 40% 0% ) 0% ) 20% 60% 32% 14% 18%
(0/25) (2/25) (10/25) (0/5) (0/2) (1/5) (3/5) (9/28) | (4/28) | (5/28)
Solids 0 - - - - - - - - - - _ _
Pesticide 0 - - - - - - - - - - _ _
Surfactant-Total 24 0% 12% 62% - - 0% i} 50% 0% 0% 0% 0%
(0/16) (2/16) (10/16) (0/2) (1/2) (0/2) (0/6) (0/6) (0/6)
-nonionic - - - - - - - - - - - _ _
-anionic - - - - - - - - - - _ _ _
-cationic - - - - - - - - - - _ _ _
0% 0% 0% 24% 12% 18%

pH-Total 0 - - - - - - - - - - - -
-acidic (pH<7.0) - - - - - - - - - - - - -
-basic (pH > 7.0) - - - - - - - - - - - - R

1364  Abbreviations: GHS = Globally Harmonized System; HET-CAM = Hen's Egg Test — Chorioallantoic Membrane

1365  'GHS classification system (UN 2003) “Severe = Category 1 (GHS) *Moderate = Category 2A (GHS) *Mild = Category 2B (GHS).
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Table 6-6 Evaluation of the 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 Systeml, by Study and
Overall
Data Source | Qverall Correct Severe’ Moderate’ Mild* Not Labeled’
Classification
actual | under over actual under over actual | under | over actual
Gettings et al. 78% 100% 0% 0% 0% 0% 38% 12% 50% 56% 44%
(1994) (14/18) (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) 4/17) | (13/17) | (0/0) (0/0) (0/0) (1/4) (3/4) (0/0) (2/4y (2/4)
Hagino et al. 47% 100% 0% 100% 0% 0% 100% 0% 0% 100% 0%
(1999) (7/15) (7/7) (0/0) (/1) | (0/1) (0/1) (5/5) | (0/5) | (0/5) | (2/2) | (0/2)
o 1 38% 48% 52% 50% 50% 0% 56% 22% 22% 60% 40%
vera
(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 2003)

*Severe = Category L.

*Moderate = Category II.

*Mild = Category III.

°Not Labeled = Category IV.

*Overall 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 was therefore could not be used in the analysis.




1380
1381
1382
1383

1384
1385
1386
1387

1388
1389
1390
1391

1392
1393

1394
1395
1396
1397
1398
1399

1400

1401
1402
1403
1404

HET-CAM Draft Mild/Moderate Ocular Irritants BRD: Section 6 27 March 2009

6.1.2.2  Identification of Category Il Substances (Moderate Ocular Irritants)

For the two substances that could be evaluated, the HET-CAM test method correctly
identified 50% (1/2) as Category 2A while 50% (1/2) were overpredicted and 0% (0/2) were
underpredicted (Table 6-6).

6.1.2.3  Identification of Category III (Mild Ocular Irritants)

For the 18 substances that could be evaluated, the HET-CAM test method correctly identified
22% (4/18) as Category 2B while 56% (10/18) were overpredicted and 22% (4/18) were
underpredicted (Table 6-6).

6.1.2.4  Identification of Category IV 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 6-6).

6.1.2.5  Ability to Distinguish Category IV 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. Using this approach of identifying substances not labeled as
irritants from all other classes for the 60 substances considered, the HET-CAM test method
has 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 ICCVAM (2006) provides an evaluation of the HET-CAM test method for distinguishing ocular corrosives
and severe irritants from all other classes. Since the database of HET-CAM test method results has not changed,
this analysis has not been repeated here.
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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).

6.1.2.6  Performance of the HET-CAM Test Method with Discordant Classes Excluded
Because a specific analysis method is the focus of the evaluation of HET-CAM for
identifying all hazard categories (the IS[A] analysis method), 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 excluded certain product types (see Table 6-8). The results indicate that
alcohols tend to be overpredicted by HET-CAM (i.e., 100% [7/7] of alcohols classified as
Category III or IV based on Draize test results [and depending on the classification system
used] were overpredicted by HET-CAM by at least one hazard category). Similarly, 47%
(8/17) of the oil/water emulsions were overpredicted by HET-CAM by at least one hazard
category. By comparison, surfactant formulations classified as Category I based on Draize
results tended to be underpredicted by HET-CAM (73% [13/17] were underpredicted by
HET-CAM as Category II or III). However, none of these substances were underpredicted as
Category IV.

When the ability of the HET-CAM test method to distinguish Category IV substances from
all irritant classes was evaluated with the specific chemical and product classes removed, the
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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).

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 I surfactants, 73% (13/17) were underpredicted (Table 6-10).

According to the EPA classification system, the most overpredicted substances (false
positives) were alcohols, which overpredicted 100% (7/7) of alcohols. Because the entire
HET-CAM IS(A) database is made up of liquid substances, the physical form of
underpredicted substances was liquids. Three of the surfactants tested in HET-CAM were
overpredicted (Table 6-10).
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Table 6-7 Accuracy of the HET-CAM Test Method for Distinguishing Substances not labeled as irritants from All Other
Irritant Classes as Defined by the EPA Classification System', by Study and Overall
False False
Data Source 5 Accuracy Sensitivity | Specificity Positive Negative
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 et al. (1996) 25 92 23/25 | 100 | 21/21 | 50 2/4 | 50 | 2/4 | 0 | 0/21
Hagino et al. (1999) 15 87 13/15 | 100 | 13/13 | O 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

" EPA classification system (EPA 1996). Cat IV vs. Cat I/II/III.

N = Number of substances included in this analysis/the total number of substances in the study.

*No. = Data used to calculate the percentage.

*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. Data on one

substance from Kojima et al. (1995) was classified as a GHS Category 1/2A and, therefore, was also not used in the analysis.

6-19




1463
1464
1465

1466
1467

HET-CAM Draft Mild/Moderate Ocular Irritants BRD: Section 6 27 March 2009

Table 6-8 Evaluation of the 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 Exclusion
of Discordant Chemical and Physical Classes
HET-CAM Overall Correct Severe’ Moderate’ Mild* Not Labeled’
Database Classification
Actual Under Over Actual Under Over Actual Under Over Actual
Overall 41% 50% 50% 0% 0% 0% 80% 20% 0% 64% 36%
¢ (24/59) (1326) | (1326) (0/0) (0/0) (0/0) (4/5) (1/5) 0/5) | (1828) | (10/28)
w/o Alcohol 42% 46% (54% 50% 50% 0% 38% 31% 31% 54% 46%
0 Alconhols (22/52) (1124) | 1324 (172) (172) (072) (5/13) @13y | @13 | @a13) (6/13)
w/o Surfactant 40% 100% 0% 50% 50% 0% 64% 7% 29% 64% 36%
Formulations (14/35) (8/8) (0/8) (12) (12) (0/2) (9/14) (1/14) (4/14) (7/11) (4/11)
w/o Oil/Water 37% 48% 52% 0% 0% 0% 80% 10% 0% 82% 18%
Emulsions (15/41) (12/25) | (1325) (0/0) (0/0) (0/0) (4/5) (1/5) (0/5) (9/11) (2/11)
w "S‘l‘llrcf‘;lc‘;’;it"“d 48% 100% 0% 50% 50% 0% 44% 11% 44% 56% 44%
Formulations (13/27) (7/7) (0/7) (1/2) (1/2) (0/2) (4/9) (1/9) (4/9) (5/9) (4/9)
wo (‘;lljg‘l,‘;’tl:ra“d 47 saony| 5 50% 50% 0% 40% 60% 0% 50% 50%
Emulsions (16/34) (13/23) (1/2) (1/2) (0/2) (2/5) (3/5) (0/5) (2/4) (2/4)
w/o Alcohols,
pourfactant 78% 100% 0% 0% | 50% 0% 100% | 0% 0% ] ]
and Oil/Water (7/9) (6/6) (0/6) (1/2) (1/2) (0/2) (1/1) (0/1) (0/1)
Emulsions

Abbreviations: EPA = U.S. Environmental Protection Agency; HET-CAM = Hen’s Egg Test — Chorioallantoic Membrane
'EPA classification system (EPA 1996) *Severe = Category 1 *Moderate = Category 11 *Mild = Category III °Not Labeled = Category IV.
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1468  Table 6-9 Accuracy of the HET-CAM Test Method (IS[A]) for Distinguishing EPA

1469 Category IV from All Other Irritant Classes as Defined by the EPA
1470 Classification System', with Exclusion of Discordant Chemical and Physical Classes
False False
HET-CAM ) Accuracy Sensitivity Specificity Positive Negative
Database N Rate Rate
% No.? % No. % No. % No. % No.
Overall 60 | 78 | 47/60 91 [41/45] 40 | 6/15 | 60 | 9/15 | 9 | 4/45

w/o Alcohols 52 87 45/52 100 | 39/39 | 46 6/13 54 7/13 10 | 4/39
wio Surfactant | 55| o0 | 9gi35 | 100 | 2424 | 29 | 414 | 82 | 11 | 17 | 424
Formulations
w/o Oil/Water
Emulsions
w/o Alcohols
and
Surfactant
Formulations
w/o Alcohols
and Oil/Water | 34 94 32/34 100 | 30/30 | 50 2/4 50 2/4 0 0/30
Emulsions
w/o Alcohols,
Surfactant
Formulations, 9 78 7/9 100 9/9 - - - - - -
and Oil/Water
Emulsions
1471 Abbreviations: EPA = U.S. Environmental Protection Agency; HET-CAM = Hen’s Egg Test — Chorioallantoic Membrane

1472 ' EPA classification system (EPA 1996). Cat IV vs. Cat I/II/IIL.
1473 >N =Number of substances included in this analysis/the total number of substances in the study.
1474 *No.=Data used to calculate the percentage.

1475

41 78 32/41 100 | 30/30 | 18 | 2/11 82 | 9/11 0 0/30

27 81 22/27 100 | 18/18 | 44 4/9 56 5/9 44 | 4/18
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1475  Table 6-10  Evaluation of Under and Overprediction of the HET-CAM Test Method Using the EPA' Classification System

1476 In Predicting Ocular Irritant Classes Compared to the In Vivo Rabbit Eye Test Method by Chemical Class or
1477 Physical Property
Underprediction (In Vivo/In Vitro) Overprediction (In Vivo/In Vitro)
Categor N 2 3 I1I 11 .
gory I (Severe) IT (Moderate) (Mild)* | (Mod) I (Mild) IV (Not labeled)
IV 111 11 v I v I 11 I I 11 I
Overall 60 0% 12% 40% 0% 0% 22% | 50% | 28% | 28% | 40% | 0% [20%
vera 025) | 325 | (1025 | (©nr) ©02) | @18) | /2 | ¢18) | 5/18) | (6/15) | (0/18) [3/18)
Chemical Class®
Alcohol o 0% 0% 0% ] ] 0% ] 40% | 60% 50% | 0% 50%
cono (0/1) (0/1) (1/1) (0/5) @5 | G5 | an) | 02 | an)
Carboxylic acid s 0% 0% 25% ] ] 0% ] 0% | 100% ] ] ]
Arboxylc act (0/4) (0/4) (1/4) (0/2) ©02) | @2
. 0% 0% 17%
Organic salt 6 (0/6) (0/6) (1/6) - - - - - - - - -
Properties of Interest
Liquid 5 0% 12% 40% ] ] 22% ] 28% | 28% | 40% | 0% 20%

1quias 025) | 325 | 1025 (4/18) (5118) | (5/18) | (6/15) | (0/15) | (3/15)
Solids 0 - - - - - - - - - - - -
Pesticide 0 - - - - - - - - - - - -
Surfactant. Tofal 55 0% 18% 59% ] ] 0% ] 25% 0% 50% | 0% 0%

urtac © 017y | 317 | qonm) (0/4) Wwa | oy | @) | o4 | (04)

-nonionic - - - - - - - - - - - - -
-anionic - - - - - - - - - - - - -
-cationic -- - - - - - - - - - - - -

. . 0% 0% 0% 50% 25% | 13% | 33% | 0% 22%
Oil/Water Emulsion | 18 | o))y | o11) | (o) - - (4/8) - e’y | a’y | 3o | 09 | @nm)
pH-Total 0 - - - - - - - - - - - -

-acidic (pH<7.0)| - - - - - - - - - - - - -
-basic (pH>7.0) | - - - - - - - - - - - - -

1478
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Abbreviations: EPA classification system (EPA 1996); HET-CAM = Hen's Egg Test - Chorioallantoic Membrane

"EPA classification system (EPA 1996)

*Severe = Category L.

*Moderate = Category II.

*Mild = Category III.

*Non-rritant = Category IV.

SChemical classes included in this table are represented by at least five substances tested in the HET-CAM test method and assignments are based upon MeSH
categories (www.nlm.nih.gov/mesh) as defined in Appendix A.
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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, 59 of
which had sufficient in vivo data to be assigned an ocular irritancy classification according to
the EU classification system (EU 2001) (see Appendix C). Based on results from in vivo
rabbit eye experiments, 38% (24/63) were classified as Category R41 (i.e., severe irritants),
3% (2/63) were classified as Category R36 (i.e., moderate irritants), 51% (32/63) were
classified as Not Labeled. The remaining 6% (4/63) of substances could not be classified
according to the EU classification system due to the lack of adequate animal data and are so

noted in Appendix C.

6.1.3.1  Identification of Category R41 Substances (Ocular Corrosives/Severe Irritants)
The HET-CAM test method correctly identified 50% (12/24) of the Category R41 substances
(Table 6-11). Among the remaining 50% (12/24) R41 substances that were underpredicted
by HET-CAM, 42% (10/24) were classified as Category R36, and 8% (2/24) were classified

as not labeled.

6.1.3.2  Identification of Category R36 Substances (Moderate 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 overpredicted and 0% (0/2) were
underpredicted (Table 6-11).

6.1.3.3  Identification of Not Labeled 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 6-11).

6.1.3.4  Ability to Distinguish Not Labeled 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
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irritants from all irritant classes’. Using this approach of identifying substances not labeled as
irritants from all other classes for the 60 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) (Table 6-
12).

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

Gettings et al. (1994): Based upon the in vivo rabbit data, 14 substances were assigned an
EU classification. The HET-CAM test method, by comparison, has an accuracy of 64%
(9/14), sensitivity of 100% (1/1), specificity of 62% (8/14), false positive rate of 33% (1/3),
and a false negative rate of 0% (0/1) (Table 6-12).

Gettings et al. (1996): Based upon the in vivo rabbit data, 17 substances were assigned a EU
classification. The HET-CAM test method, by comparison, has an accuracy of 82% (14/17),
sensitivity of 100% (14/14), specificity of 67% (2/3), false positive rate of 50% (2/4), and a
false negative rate of 0% (0/8) (Table 6-12).

Hagino et al. (1999): Based upon the in vivo rabbit data, 14 substances were assigned a EU
classification. The HET-CAM test method, by comparison, has an accuracy of 50% (8/14),
sensitivity of 100% (8/8), specificity of 0% (0/6), false positive rate of 100% (6/6), and a
false negative rate of 0% (0/26) (Table 6-12).

6.1.3.6  Performance of the HET-CAM Test Method with Discordant Classes Excluded
Because a specific analysis method is the focus of the evaluation of HET-CAM for
identifying all hazard categories (the IS[A] analysis method), 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

3 ICCVAM (2006) provides an evaluation of the HET-CAM test method for distinguishing ocular corrosives
and severe irritants from all other classes. Since the database of HET-CAM test method results has not changed,
this analysis has not been repeated here.
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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 6-13). The results indicate that
alcohols tend to be overpredicted by HET-CAM (i.e., 83% [5/6] of alcohols classified as Not
Labeled based on Draize test results [and depending on the classification system used] 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 Category

R36). However, none of these substances were underpredicted as Not Labeled.

When the ability of the HET-CAM test method to distinguish Not Labeled substances from
all 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 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) that were excluded

(Table 6-14).

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 (Table 6-10).

According to the EU classification system, the most overpredicted substances (false
positives) were alcohols, which overpredicted 83% (5/6) alcohols. 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 6-10).
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Table 6-11

27 March 2009

Evaluation of the 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
Data Source | Qverall Correct Severe’ Moderate’ Mild Not Labeled*
Classification

actual under over actual under over actual | under over actual

Gettings et al. 64% 100% 0% 0% 0% 0% NA NA NA 38% 62%
(1994) (9/14) (1/1) (0/1) (0/0) | (0/0) (0/0) (5/13) | (8/13)

Gettings et al. 35% 29% 71% 0% 0% 0% NA NA NA 33% 67%

(1990) (6/17) (4/14) | (10/14) | (0/0) | (0/0) (0/0) (1/3) | (2/3)

Hagino et al. 50% 100% 0% 100% 0% 0% NA NA NA 100% 0%

(1999) (7/14) (7/7) (0/0) (/1) | (0/1) (0/1) 6/6) | (0/6)

s 40% 50% 50% 50% 50% 0% 69% 31%

Overall NA NA NA

(23/58) (1224) | (12724) | (1/2) | (1/72) (0/2) (22/32) | (10/32)

Abbreviations: EU = European Union; HET-CAM = Hen’s Egg Test — Chorioallantoic Membrane
NA = Not Applicable

'EU classification system (EU 2001)

2Severe = R41.

*Moderate = Category 2A (GHS), Category II (EPA), and R36 (EU).

*Not Labeled = Not Labeled.
>Overall data set includes one additional test substance from Bagley et al. (1992) and two from Kojima et al. (1995) that were not included as individual data

sources.
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1581 Table 6-12  Accuracy of the HET-CAM Test Method (IS[A]) for Distinguishing Substances not labeled as irritants from All

1582 Other Irritant Classes as Defined by the EU 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
14 | 64| 914 100 | 11 | 62 | 813 |38 | 513 | o 01
al. (1994)
Gettings et 17 |82 | 1417 | 100 | 1414 | 67 | 23 | 33| 13 0o | o014
al. (1996)
Hagino et al. 14 | 50| 814 100 | 8/ 0 0/6 | 100 | 6/6 0 0/8
(1999)
Overall’ s8 | 62| 36558 | 100 | 26126 | 31 | 1032 | 69 | 2232 | o | on6

1583 Abbreviations: EU = European Union; HET-CAM = Hen’s Egg Test — Chorioallantoic Membrane

1584  'EU classification system (EU 2001). NL vs. R41/R36.

1585 N = Number of substances included in this analysis/the total number of substances in the study.

1586  *No.=Data used to calculate the percentage.

1587 *Overall data set includes one additional test substance from Bagley et al. (1992) and two from Kojima et al. (1995) that were not included as individual data
1588 sources.

1589

1590
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Table 6-13  Evaluation of the 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', with Exclusion
of Discordant Chemical and Physical Classes

HET-CAM Overall Correct Severe’ Moderate’ Mild* Not Labeled’

Database Classification
Actual Under Over Actual Under Over Actual [ Under Over Actual
40% 50% 50% 50% 50% 0% 69% 31%
Overall (23/58) (1224) | (12124) | (12) (1/2) (0/2) NA NA NA 1 2232) | (1032)
42% 45% 55% 50% 0% 50% NA NA NA 62% 38%
w/o Alcohols (21/50) (1022) | (12/22) | (1/2) (0/2) (1/2) (16/26) | (10/26)
w/o 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)
w/o Oil/Water 36% 48% 52 0% 100% 0% NA NA NA 87% 0%
Emulsions (14/39) (11/23) | (12/23) | (/1) (1/1) (0/1) (13/15) | (0/24)
o Aleohols 54% 100% | 0% | 100% | 0% 0% A | ona | ona |ossw |42
Formulations (14/26) (6/6) (0/6) (0/1) (0/1) (0/1) (11/19) | (8/19)
w/o Alcohols
and Oil/Water (1327/03/02) (3/3;/{)) (1527/02/01) (5 10/02/; (5 10/02/; (8?) NA - NA D A (77%09/; (222/09/;
Emulsions
w/o Alcohols,
Surfactant
R O O 0 I N N R
o O Wotor (5/8) (/5 | 3 | @1 | ©o1) | O 22) | (©02)
Emulsions

Abbreviations: EU = European Union; HET-CAM = Hen’s Egg Test — Chorioallanotic Membrane; NA = Not applicable
'EU classification system (EU 2001) Severe = R41 *Moderate = R36 *“Mild = NA *Not Labeled = Not Classified.
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1596  Table 6-14 Accuracy of the HET-CAM Test Method (IS[A]) for Distinguishing Substances not labeled as irritants from All

1597 Other Irritant Classes as Defined by the EU Classification System', with Exclusion of Discordant Chemical and
1598 Physical Classes
False False
HET-CAM Database N2 Accuracy Sensitivity Specificity Positive Negative Rate
Rate
% No.} % No. % No. % No. % No.
Overall 58 62 36/58 100 26/26 | 31 | 10/32 69 22/32 1 0 0/26
w/o Alcohols 50 42 21/50 100 24/24 | 38 | 10/26 62 16/26 | 0 0/24
w/o Surfactant Formulations 34 64 16/25 100 9/9 32 8/25 68 17/25 |1 0 0/9
w/o Oil/Water Emulsions 39 67 26/39 100 2/24 13 2/15 87 13/15 0 0/24
w/o Alcohols and Surfactant | o | (s | 756 | 100 | 77 |42 | 819 | 58 | 11/19 | 0 0/7
Formulations
w/o Alcohols and Oil/Water | 5, | 50 | 553 | 100 | 2323 | 22| 20 | 78 | 79 | 0 | o023
Emulsions
w/o Alcohols, Surfactant
Formulations, and Oil/Water 8 62 5/8 100 6/6 0 0/2 100 2/2 0 0/6
Emulsions

1599 Abbreviations: EU = European Union; HET-CAM = Hen’s Egg Test — Chorioallantoic Membrane
1600  'EU classification system (EU 2001). NV vs. R41/R36.

1601 >N =Number of substances included in this analysis/the total number of substances in the study.
1602  ’No.=Data used to calculate the percentage.
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Table 6-15  Evaluation of the Performance of the HET-CAM 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
Underprediction (In Vivo/In Vitro) Overprediction (In Vivo/In Vitro)
Category N R41 (Severe)’ R36  R36 (Mod)®| NL (Not Labeled)*
(Moderate)
NL R36 NL R41 R36 R41
o 1 61 7% 43% 50% 0% 16% 23%
vera (2/28) (12/28) (1/2) (0/2) (5/31) (7/31)
Chemical Class®
Aleohol 3 0% 0% 50% 0% 33% 50%
cono (0/2) (0/2) (1/2) (0/2) (2/6) (3/6)
. . 0% 25% 0% 100%
Carboxylic Acid] 5 (0/4) (1/4) - - (0/1) (1/1)
Oreanic salt 5 0% 20% 100% 0% ] ]
reanic sa (0/5) (1/5) (1/1) (0/1)
Properties of Interest
Liquid 58 8% 42% 50% 50% 16% 25%
1quias (2/24) (10/24) (1/2) (1/2) (5/32) (8/32)
Solids 0 - - - - - -
Pesticide 0 - - - - - -
0% 62% 100% 0% 14% 0%
Surfactant-Total) 24 (0/16) (12/16) (1/1) (0/1) (1/7) (0/7)
-nonionic - - - - - - -
Anionic - - - - - - -
Cationic - - - - - - -
Oil/Water 12 0% 0% ] ] 35% 18%
Emulsion (0/1) (0/1) (6/17) (3/17)
pH-Total 0 - - - - - -
-acidic (pH < ) ) ) _ . B -
7.0)
-basic (pH > ) ) i ) ) - ]
7.0)

Abbreviations: GHS = Globally Harmonized System; HET-CAM = Hen's Egg Test — Chorioallantoic

Membrane

'EU classification system (EU 2001)
*Severe = Category R41 (EU).
*Moderate = Category R36 (EU).
*NL = Category NL (EU).
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7.0 HET-CAM Test Method Reliability

An assessment of test method reliability (intralaboratory repeatability and intra- and inter-
laboratory reproducibility) is an essential element of 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). Since 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 of HET-CAM hazard classifications among the laboratories.

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
2003). Of four not labeled and three Category 2B substances, none (0%; 0/4 and 0%; 0/3,
respectively) were correctly identified by HET-CAM. None of the 15 GHS-classified
substances tested were classified Category 2A by HET-CAM. However, eight substances
classified as GHS Category 1 were correctly identified by HET-CAM (100%; 8/8).

The extent of agreement of calls among laboratories between irritants (i.e., Category 1, 2A,
and 2B = “+” and Not Labeled = “-“) regardless of the individual hazard classification was

evaluated by comparison of in vivo and in vitro data (Table 7-1).

*  For 11 substances, there was 100% agreement among the in vivo and in vitro

calls (i.e., “+/+).

*  For four substances that were overpredicted in vitro (i.e., “+/-*), there was
100% agreement for 3/4 (75%) of the substances and 80% agreement for 1/4
(25%) of the substances.

*  For two substances that could not be assigned GHS classification, there was

100% agreement on the in vitro classifications (i.e., “?/+).

*  An assessment of the agreement between laboratories for substances not

labeled as irritants compared to all other classes could not be made because
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1645 there were no not labeled calls obtained using HET-CAM. However, overall,
1646 there was 100% agreement for 16/17 (94%) of substances and 80% agreement
1647 for 1/17 (6%) of substances *.

« * Because the database of HET-CAM test method results has not changed, the qualitative evaluation of
reproducibility presented in ICCVAM (2006) is not repeated here.
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Table 7-1 Interlaboratory Variability of Hagino et al. (1999) In Predicting Not Labeled Ocular Substances or
Corrosive/Severe/Moderate/Mild Irritants as Defined by the GHS Classification System

Classificati Substances Substances
assirication . 0 g 0
Report Anal' (In Vivo/In it of N 10070 with 80%
Vitro) Labs Agreement Agreement
itro)
among Labs | among Labs
+/+ 5 11 11 (100%) 0
+/- 5 0 0 0
. -+ 5 4 3 (75%) 1 (25%)
Hagino et
al. (1999) IS(A) -/- 5 0 0 0
/- 5 0 0 0
2+ 5 2 2 (100%) 0
Total 5 17 16 (94%) 1 (6%)

Abbreviation: GHS = Globally Harmonized System (UN 2007)

'Anal = analysis method used to transform the sample data into HET-CAM scores. IS(A) = method described in Luepke (1985); IS(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.

°N indicates number of substances.

*Number in parentheses indicates percentage of tested chemicals.
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The extent of agreement among the five laboratories for a test substance was also evaluated

based on prediction of the individual GHS hazard category (Table 7-2).

Of four not labeled substances, all were overpredicted with 100% agreement

by 3/4 (75%) laboratories and 80% agreement by 1/4 (25%) laboratories.

Of the three Category III substances, all 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 substances with
100% agreement for 5/8 (63%) substances, 80% agreement for 1/8 (13%)
substances, and 60% agreement for 2/8 (25%) substances.

None (0/8 [0%]), of the Category 1 substances were incorrectly identified. However, all four

not labeled 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 to
incorrectly classify any 0/8 (0%) of the GHS Category 1 substances, since all
were correctly classified. There was 100% agreement to overclassify 3/3
(100%) of the GHS Category 2B substances, 100% agreement to overclassify
3/4 substances and 80% agreement to overclassify 1/4 of the not labeled

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 2003). Of two not labeled, five Category III, and one Category II substances, none
(0%, 0/2, 0%, 0/5, and 0%, 0/1, respectively) were correctly identified by HET-CAM.

However, seven substances classified as EPA Category I were correctly identified by HET-

CAM (100%; 7/7).
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Table 7-2 Evaluation of the Interlaboratory Variability of Hagino et al. (1999) in Predicting Ocular Irritant Classes
Compared to the In Vivo Rabbit Eye Test Method as Defined by the GHS Classification System

Substances Substances Substances
. with 100% with 80% with 60%
In vivo cpe s Number of
Classification Cla§s1f1‘catlon Number of Testing Agreement Agreement Agreement
(No.)! (in vitro) Substances Laboratories Among. Among. Among.
Laboratories | Laboratories | Laboratories
(%) (%) (%)
Actual 0 5 0 0 0
NL(®) Over 4 5 3 (75%) 1 (25%) 0
Under 0 5 0 0 0
2B (3) Actual 0 5 0 0 0
Over 3 5 3 (100%) 0 0
Under 0 5 0 0 0
2A(0) Actual 0 5 0 0 0
Over 0 5 0 0 0
1(8) Under 0 5 0 0 0
Actual 8 5 5(63%) 1 (13%) 2 (25%)

Abbreviations: GHS = United Nations Globally Harmonized System of Classification and Labelling of Chemicals

'Due to the lack of appropriate in vivo data (e.g., studies were terminated too early to assess reversibility of effects), a GHS classification (UN 2007)
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.
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The extent of agreement of calls among laboratories between irritants (i.e., Category I, II, and

III = “+” and Category IV = “-*) regardless of the individual hazard classification was

evaluated by comparison of in vivo and in vitro data (Table 7-3).

For 13 substances, there was 100% agreement among the in vivo and in vitro

calls (i.e., “+/+7).

For two substances that were overpredicted in vitro (i.e., “+/-*), there was

60% agreement for 2/2 (100%) of the substances.

For two substances that could not be assigned an EPA classification, there was

100% agreement on the in vitro classifications (i.e., “?/+).

An assessment of the agreement between laboratories for substances not
labeled as irritants compared to all other classes could not be made because
there were no not labeled calls obtained using HET-CAM. However, overall,
there was 100% agreement for 14/17 (82%) of substances and 60% agreement
for 3/17 (18%) of substances”.

The extent of agreement among the five laboratories for a test substance was also evaluated

based on prediction of the individual EPA hazard category (Table 7-4).

Of two not labeled substances, all were overpredicted with 100% agreement
by 1/2 (50%) of the laboratories and 80% agreement by 1/2 (50%) of the

laboratories.

Of the three Category III substances, all were overpredicted with 100%

agreement among the five laboratories.

One Category II substances was overpredicted with 100% agreement among

the five laboratories.

All seven substances were correctly predicted as Category I substances with
100% agreement for 5/7 (71%) of the substances and 80% agreement for 2/7
(29%) of the substances.

* ° Because the database of HET-CAM test method results has not changed, the qualitative evaluation of
reproducibility presented in ICCVAM (2006) is not repeated here.
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Table 7-3 Interlaboratory Variability of Hagino et al. (1999) In Predicting Not Labeled Ocular Substances or
Corrosive/Severe/Moderate/Mild Irritants as Defined by the EPA Classification System

Classificati Substances Substances
assirication . 0 o 0
Report Anal' (In Vivo/In 0 N’ vt LED% Wi G
Vitro) Labs Agreement Agreement
itro)
among Labs | among Labs
+/+ 5 13 13 (100%) 0
+/- 5 0 0 0
. -/+ 5 2 0 2 (100%)
Hagino et
al. (1999) IS(A) -/- 5 0 0 0
/- 5 0 0 0
2/+ 5 2 1 (50%) 1 (50%)
Total 5 17 14 (82%) 3 (18%)

Abbreviation: EPA = U.S. Environmental Protection Agency (EPA 2003)

'Anal = analysis method used to transform the sample data into HET-CAM scores. IS(A) = method described in Luepke (1985); IS(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 I); a “-“ indicates that the substance was
assigned an overall classification of nonsevere irritant (Category II or II) 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 EPA 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.

°N indicates number of substances.

*Number in parentheses indicates percentage of tested chemicals.
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Table 7-4 Evaluation of the Interlaboratory Variability of Hagino et al. (1999) In Predicting Ocular Irritant Classes

Substances Substances
. with 100% with 80%
In vivo cpe s Number of
Classification Cla§s1f1‘catlon Number of Testing Agreement Agreement
(No.)! (in vitro) Substances Laboratories Among. Among.
Laboratories | Laboratories
(%) (%)
Actual 0 5 0 0
Ve Over 2 5 1 (50%) 1 (50%)
Under 0 5 0 0
III (5) Actual 0 5 0 0
Over 5 5 5 (100%) 0
Under 0 5 0 0
II (1) Actual 0 5 0 0
Over 1 5 1 (100%) 0
1(7) Under 0 5 0 0
Actual 7 5 5(71%) 2 (29%)

Abbreviation: EPA = U.S. Environmental Protection Agency (EPA 2003)

'Due to the lack of appropriate in vivo data (e.g., studies were terminated too early to assess reversibility of effects), an EPA classification (EPA 2003) 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.
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None (0/7 [0%]), of the Category 1 substances were incorrectly identified. However, all two
not labeled, five Category III, and one Category II substances (i.e., 2/2 [100%], 5/5 [100%],
and 1/1 [100%], respectively, were incorrectly identified by HET-CAM (Table 7-4).

*  There was no agreement among the five participating laboratories to
incorrectly classify any 0/7 (0%) of the EPA Category I substances, since all
were correctly classified. There was 100% agreement to overclassify 1/2
(50%) and 80% agreement to overclassify 1/2 (50%) of the EPA substances
not labeled as irritants. For Category III substances, there was 100%
agreement to overclassify 5/5 substances. For the Category II substance, there

was 100% agreement to overclassify it.

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, one Category R36, and one Category R36 substances, none (0%,
0/7, 0%, 0/1, and 0%, 0/2, respectively) were correctly identified by HET-CAM. However,
seven substances classified as EU Category I were correctly identified by HET-CAM (100%;
7/7).

The extent of agreement of calls among laboratories between irritants (i.e., Category R41,
R36 = “+” and not labeled = “-*) regardless of the individual hazard classification was

evaluated by comparison of in vivo and in vitro data (Table 7-5).

*  For 8 substances, there was 100% agreement among the in vivo and in vitro
calls for 5/8 (63%), 80% agreement for 2/8 (25%), and 60% agreement for 1/8
(13%).

*  For seven substances that were overpredicted in vitro (i.e., “+/-*), there was
100% agreement for 6/7 (86%) and 80% agreement for 1/7 (14%) of the

substances.

*  For two substances that could not be assigned an EU classification, there was

100% agreement on the in vitro classifications (i.e., “?/+).
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1786 *  An assessment of the agreement between laboratories for substances not
1787 labeled as irritants compared to all other classes could not be made because
1788 there were no not labeled calls obtained using HET-CAM.
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Table 7-5 Interlaboratory Variability of Hagino et al. (1999) In Predicting Not Labeled Ocular Substances or
Corrosive/Severe/Moderate/Mild Irritants as Defined by the EU Classification System

Cinasirent Substances Substances Substances
assirication 9 0 g 0, 5 0,
ez Anal' (Un Vivolln # of N with 100% with 80% with 60%
VitroY: Labs Agreement Agreement Agreement
among Labs among Labs among Labs
+/+ 5 8 5(63) 2 (25) 1(13)
+/- 5 0 0 0 0
. -/+ 5 7 6 (86) 1(14) 0
Hagino et
al. (1999) IS(A) /- 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)

Abbreviation: EU = European Union (EU 2001).

'Anal = analysis method used to transform the sample data into HET-CAM scores. IS(A) = method described in Luepke (1985); IS(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 R41); a “- indicates that the substance was
assigned an overall classification of nonsevere irritant (Category 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), a 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.

°N indicates number of substances.

*Number in parentheses indicates percentage of tested chemicals.

1313

7-13



1801
1802

1803
1804
1805
1806

HET-CAM Draft Mild/Moderate Ocular Irritants BRD: Section 7

27 March 2009

Table 7-6 Evaluation of the Interlaboratory Variability of Hagino et al. (1999) In Predicting Ocular Irritant Classes

Compared to the In Vivo Rabbit Eye Test Method as Defined by the EU Classification System

Substances Substances Substances
. with 100% with 80% with 60%
In vivo cpe s Number of
e . Classification | Number of . Agreement Agreement Agreement
Classification . Testing
(No.)! (in vitro) Substances Laboratories Among Among Among
’ Laboratories | Laboratories | Laboratories
(%) (%) (%)
Actual 0 5 0 0 0
NL
) Over 7 5 6 (86%) 1 (14%) 0
Under 0 5 0 0 0
R36 (1) Actual 0 5 0 0 0
Over 1 5 1 (100%) 0 0
Under 0 5 0 0 0
R41
) Actual 7 57 5(71%) 1 (14%) 1 (14%)

Abbreviation: EU = European Union (EU 2001).

'Due to the lack of appropriate in vivo data (e.g., studies were terminated too early to assess reversibility of effects), a EU classification (EU 2001) 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.
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The extent of agreement among the five laboratories for a test substance was also evaluated

based on prediction of the individual EPA hazard category (Table 7-6).

*  Of seven not labeled substances, all were overpredicted with 100% agreement
by 6/7 (86%) of the laboratories and 80% agreement by 1/7 (14%) of the

laboratories.

*  The one R36 substance was overpredicted with 100% agreement among the

five laboratories.

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

None, 0/7 (0%), of the Category R41 substances were incorrectly identified. However, all
seven not labeled, one Category R36, and seven Category R41 substances (i.e., 7/7 (100%),
1/1 (100%), and 7/7 (100%), respectively, were incorrectly identified by HET-CAM (Table
7-6).

*  There was no agreement among the five participating laboratories to
incorrectly classify any 0/7 (0%) of the EU Category R41 substances, since all
were correctly classified. There was 100% agreement to overclassify 6/7
(86%) and 80% agreement to overclassify 1/7 (14%) of the EPA substances
not labeled as irritants. For Category R36 substances, there was 100%

agreement to overclassify 1/1 substances.
7.4 Common Chemical or Product Classes Among Test Substances with Discordant
Interlaboratory Results Using the GHS Classification System

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

the interlaboratory analyses.
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The database used in this assessment did not change from that used in the previous

assessment of the ability of the HET-CAM test method to identify ocular corrosives and

severe irritants. The evaluation of HET-CAM test method data quality is detailed in

ICCVAM (2006a).
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9.0  Other Scientific Reports and Reviews

Four additional studies were identified in the peer-reviewed literature over the period 2005 to
2009 that contained HET-CAM data (Debbasch et al. 2005; Vinardell and Mitjans, 2006;
Mehling et al. 2007; Mancebo et al. 2008). 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
previously included in the accuracy analyses reported in the ICCVAM BRD (2006a). As

such, they have in turn already been considered in the current evaluation.

In Debbasch et al. (2005), 12 coded make-up removers were tested in the HET-CAM, BCOP,
and the corneal epithelial cell line (CEPI) test methods, and a clinical in-use test under
ophthalmological control after their application to the external eyelid. Three hundred
microliter of undiluted test product was applied to the chorioallantoic membrane of nine-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 OD490 nm. In vitro scores were classified according to Gautheron et al. (1994) and
Harbell and Curren (1998), but 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. Using fertile eggs (Leghorn SA31,
six per solvent), the substances to be tested were applied on the membrane in a constant
volume of 0.3 ml at 37°C. Following application of the test substances, 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 previously
included in the accuracy analyses reported in the ICCVAM BRD (2006a). As such, they have

in turn already been considered in the current evaluation.

In Mehling et al. (2007), 18 proprietary surfactants were tested using the red blood cell test
(RBC), HET-CAM and the SkinEthic™ ocular tissue model. Following the standard
operating procedure (SOP) of the COLIPA project (INVITTOX protocol No. 96), three

9-1



1866
1867
1868
1869
1870

1871
1872
1873
1874
1875
1876
1877
1878

HET-CAM Draft Mild/Moderate Ocular Irritants BRD: Section 9 27 March 2009

hundred microliter 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 semi-
quantitatively assessed on a scale of 0 to 3. No in 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 using the acute dermal toxicity and irritation/corrosion tests, 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 a
period of five minutes. The three endpoints for this study were hemorrhage, vessel lyses, and
coagulation. Although in vivo rabbit eye data were reported in the study, the available raw
data was not and as such the study was not included in the HET-CAM performance analyses

detailed in this BRD.
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10.0 How the HET-CAM Test Method Will Refine, Reduce, or Replace

Animal Use

10.1 How the HET-CAM Test Method Will Reduce, Refine, and 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:

* Refining experimental procedures such that animal suffering is minimized

* Reducing animal use through improved science and experimental design

* Replacing animal models with nonanimal 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 and use of this 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.

10.2 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 have provisions for the protection of animals used for experimental
or other scientific purposes. Some provisions indicate the time in which a test method using
an animal embryo or fetus is considered an animal, and therefore protected by the
regulations. According to some of these regulations, a bird is considered a protected animal
(and therefore the test is considered an in vivo and not in vitro test) when greater than half of

the gestation or incubation period has elapsed (day 10.5 of the 21 day incubation period for a
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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 nine, 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 nine in the avian embryo and that there is
significant development of the sensory nerve ending 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 nine there is little to
no pain perceived by the developing embryo during the conduct of the HET-CAM test
method.
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12.0 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 “test” and “test

method.”

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

* aconsistent 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

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.
Blepharitis: Inflammation of the eyelids.

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

® 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.
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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.

* 7 Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM 2003).
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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 opaqueness 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 negative rate’: The proportion of all positive substances falsely identified by a test

method as negative (see “two-by-two” table). It is one indicator of test method accuracy.

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

False positive rate’: The proportion of all negative substances that are falsely identified by
a test method as positive (see “two-by-two” table). It is one indicator of test method

accuracy.

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

Globally Harmonized System (GHS): A classification system presented by the United
Nations that provides (a) a harmonized criteria for classifying substances and mixtures
according to their health, environmental and physical hazards, and (b) harmonized hazard

communication elements, including requirements for labeling and safety data sheets.

Good Laboratory Practices (GLP)’: Regulations promulgated by the U.S. Food and Drug
Administration and the U.S. Environmental Protection Agency, and principles and
procedures adopted by the Organization for Economic Cooperation and Development and
Japanese authorities that describe record keeping and quality assurance procedures for

laboratory records that will be the basis for data submissions to national regulatory agencies.

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.

12-4



2171
2172
2173
2174
2175
2176
2177
2178
2179
2180
2181
2182
2183
2184
2185
2186
2187
2188
2189
2190
2191
2192
2193
2194
2195
2196
2197
2198
2199
2200

HET-CAM Draft Mild/Moderate Ocular Irritants BRD: Section 12 27 March 2009

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.

Irritation Score: Value calculated by different analysis methods, which is used to classify

the irritancy potential of a test substance. Also referred to as IS.

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 ITC.

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.
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Lysis: The disintegration of blood vessels.

Mean Time to 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 “two-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.

Neuroectodermal 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.

Nonsevere irritant: (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
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IL, III, 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.

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 “two-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
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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.

Quality 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.
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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 inter-

laboratory 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 inter-laboratory reproducibility).

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.

Severe irritant: (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
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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 non-transparent 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 component: 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
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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)
([at+d])/[at+b+c+d]), negative predictivity (d/[c+d]), positive predictivity (a/[a+b]), prevalence
([at+c]/[at+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 atc
Reference Test
Negative b d b+d
Outcome
Total a+b c+d atb+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,
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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.
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