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The assessment of the potency of a skin sensitizing chemical is a key starting point for its
subsequent risk assessmentlmanag. t. The Local Lymph Node Assay can provide infor-
mation on the relative skin sensitizing potency of contact allergens by interpolation from the
dose response curve the concentration of a chemical required to elicit a threshold positive
response (EC3 value). However, interpolation requires that the dose response curve have
at least one stimulation index (SI) value above and one SI value below the threshold value
of 3. For instances where all test concentrations result in SI values above 3, there was a need
to develop a method that would permit estimation of EC3 values. This has been achieved by
log-linear extrapolation using the two lowest test concentrations from the dose response
curve. Before applying this approach, it is important that data quality is assessed. The dose
response must include concentrations on the linear portion of the curve and, ideally, the SI
induced by the lowest dose should approach 3. Judicious use of this approach for extrapolat-
ing EC3 values can provide information on a likely potency classification for use in risk
assessment and may avoid the need for repeat animal testing.

Keywords: EC3 value; Local lymphnode assay; Potency, Skin sensitization

INTRODUCTION

The murine Local Lymph node Assay (LLNA) is a validated method for the
identification of skin sensitization hazard (1) which has been endorsed by the rel-
evant validation authorities in both the United States and Europe (2,3) as a replace-
ment for the traditional guinea pig assays such as the guinea pig maximization test
(GPMT) and the Buehler test. While the prospective identification of skin sensitizing
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chemicals is an important step in the safety assessment of new ingredients, an
understanding of the inherent sensitization potency of the contact allergen, together
with the likely extent, duration, and nature of exposure is required to determine if it
represents an actual risk for the induction of skin allergy in humans (4). Therefore, a
method to obtain objective information regarding a sensitizer’s relative potency
compared with other skin allergens is needed.

Skin sensitization is a dose response phenomenon; thresholds can be identified
for both induction of sensitization and elicitation of contact allergic reactions (5)
and allergenic potency can be defined in terms of those threshold values (6). Guinea
pig methods like the GPMT and Buehler test are not well suited for estimation of
sensitization potency due primarily to the principles of test concentration selection
and the experimental design of such studies. However, since the LLNA measures
events associated with the induction of sensitization and, by design, provides dose
response information, it is considered as the method of choice for the objective and
quantitative estimation of skin sensitizing potency (7). Through mathematical
evaluation of LLNA dose response data, the concentration of a chemical required
to produce a threshold positive response (a 3-fold increase in activity compared
with concurrent vehicle controls) can be measured (8). This concentration, referred
to as the EC3 (Estimated concentration required for a 3-fold Stimulation Index
(SI)) value, can be used to provide an estimation of relative allergenic potency that
has been shown to correlate with what is known about the potency of contact
allergens in humans (9,10). In addition, the robustness of this parameter has
been demonstrated rigorously in terms of inter- and intra-laboratory reproducibility
(11-13).

While various statistical approaches have been explored for deriving EC3
values, linear interpolation provides a simple and reliable approach (8). This method
of calculating EC3 values requires that the dose response curve have at least one SI
value above 3, and one below. However, there are some instances where all test con-
centrations result in SI values of greater than 3. Therefore, in order to avoid the need
for repeat animal testing with different test concentrations and to obtain information
on a likely potency classification, a method was developed to estimate EC3 values by
log-linear extrapolation using the two lowest test concentrations from the dose
response curve (14). However, before applying this approach the quality of the data
available must be assessed and confirmed. Here the effect of the dose response curve
characteristics on extrapolated EC3 values is examined and the level of confidence
one can have for EC3 values estimated via log-linear extrapolation determined.

METHODS
LLNA Data

Historical LLNA data were compiled from multiple sources, which included
the published literature and previously unpublished data from several laboratories.
The data were derived from studies that were conducted using the LLNA method-
ology as described in the OECD testing guideline 429 (15). A significant portion
of these data has been recently published (16) but that previously published infor-
mation does not include multiple datasets, which were available for many of the
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Table 1 The ECETOC classification scheme for contact aller-
genic potency based on EC3 values

Potency classification EC3 value (%)
Weak >10-<100
Moderate >1-<10
Strong >0.1- <1
Extreme <0.1

individual chemicals. A total of 187 data sets representing 86 different chemicals
identified as skin sensitizers were selected from the larger database for this current
evaluation. Each data set was chosen because it had one SI value less than 3 and
at least two SI values greater than 3. Of those data sets 83 had 3 or more data points
above SI = 3.

Calculation of EC3 Values

EC3 values were calculated by linear interpolation for 187 data sets according
to the equation:

EC3=c+ {%} x (a—c)

using the data points lying immediately above and below the SI value of 3 on the
LLNA dose response curve that had the (dose, SI) coordinates (a,b) and (c,d),
respectively (8).

Extrapolated EC3 (EC3ex) values were calculated on the same data sets using
the two SI values greater than 3 with the lowest of the SI values having the lowest %
concentration. The point with the higher SI is denoted (a,b) and the point with the
lower SI is denoted (c,d). The formula for the extrapolated EC3 value is as follows:

EC3ex = ZA{logg(C) + Ez : 33 x [logy(a) — logz(c)]}

By log-transformation of the data, extrapolated EC3 values never fall below zero (14).
The allergenic potency class was assigned for each interpolated and extrapo-

lated EC3 value using the ECETOC categorization scheme (17) (Table 1). This

classification scheme is based on an order-of-magnitude ranking of potency.

Comparison of EC3 Values Calculated by Linear Interpolation and
Log-Linear Extrapolation

Since the selected 187 data sets had at least one SI value less than 3 and at least
two SIs above 3, it was possible to calculate both interpolated and extrapolated EC3
values from the same data. This method of comparison was chosen to eliminate any
experimental variables, which would have been present if data sets from independent
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studies had been used. The correlation between the linear interpolated and log-linear
extrapolated EC3 values was determined. 95% Confidence bounds around the diag-
onal line of equality, were constructed by calculating the difference between the two
log;o-transformed EC3 values (interpolated and extrapolated) and finding the 2.5
and 97.5 percentiles.

Assessment of Dose Response Quality

To determine the impact of the quality of dose response curves on extrapolated
EC3 values, the 83 data sets with at least 3 data points above SI = 3 were used. EC3
values were calculated, logo-transformed and the difference between the interpo-
lated and extrapolated values was computed. By computing this difference on a
log) scale, a difference of 1 represents the equivalent of 1 potency class. This differ-
ence was then compared with a ratio of slopes computed along the dose response.
Specifically, the slope of the curve between the second and third data points above
SI = 3 was computed and divided by the slope of the first and second points above
SI = 3 to obtain a slope ratio. This ratio was used since values less than one would
indicate a slope that is decreasing in the neighborhood of the first three data points
above SI = 3. A ratio greater than one would indicate a slope that is increasing in
this neighborhood. On a typical sigmoid dose-response curve, slope increases near
the bottom of the curve, is constant in the middle of the curve, and decreases
near the top of the curve, so calculating this ratio would provide information regard-
ing the location on the dose-response curve of the values used for log-linear extrapol-
ation. Correlation analyses were conducted in order to determine whether the slope
ratios were significantly related to the differences between the logo-transformed EC3
values. Spearman’s rank correlation coefficient was used since the slope ratios and
the log;o-transformed EC3 differences are not normally distributed (18).

Assessment of the Lowest Sl Value

To assess the impact of the lowest SI value on extrapolated EC3 values both
interpolated and extrapolated EC3s were calculated from the same data set. The
EC3 values were log;-transformed and the difference between the values was com-
puted as described above. This difference was then compared to the lowest SI value
>3 used to calculate the extrapolated EC3 value. The data were also examined by
comparing the lowest SI value to the percent difference between the linear interpo-
lated and log-linear extrapolated EC3 values. Spearman correlation analysis was also
used to compare the log;o-transformed EC3 differences (both the raw difference and
the percentage difference) to the lowest SI values greater than three.

RESULTS

Comparison of EC3 Values Calculated by Linear Interpolation and
Log-Linear Extrapolation

EC3 values were calculated by both linear interpolation and log-linear extra-
polation for 187 data sets, which had at least one SI value less than 3 and at least
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Table 2 Prediction of potency class based on EC3 values calculated by log-linear
extrapolation compared with EC3 values calculated by linear interpolation

Prediction # Predicted/Total (% of total)
Same potency class by both methods 165/187 (88%)

Varied by 1 class 18/187 (10%)

Varied by >1 class 4/187 (2%)

two SI values above 3. Then, potency categories were assigned on the basis of those
values using the ECETOC scheme (17) and compared in order to determine the accu-
racy of the classifications based on log-linear extrapolation relative to those obtained
by interpolation. There was agreement in the potency classification for 165 of the 187
data sets (Table 2). When there was disagreement, the categories derived from
extrapolated values tended to vary by only a single category (18 of the 187 data sets)
and tended to err on the side of caution. That is, the extrapolated EC3 values tended
to be smaller and thus the classification was predicted to be more potent than that
derived from interpolated values. In comparing EC3 values calculated by linear
interpolation and log-linear extrapolation it was noted that when the log-linear
extrapolated EC3 were very low (less than 0.001%), the corresponding EC3 value
interpolated from the same data set was not nearly as low (Fig. 1). The variability
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Figure 1 Comparison of EC3 values calculated by linear interpolation and log-linear extrapolation. In this
figure, the boxes denote agreement between sensitization categories derived from the two calculation meth-
ods. The 95% confidence bounds are shown as diagonal lines. The same potency classification was
obtained for 88% of the data set evaluated. For 22% of the data set, when potency classifications did
not agree the extrapolated classification tended to be off towards the side of caution, i.e., a stronger
classification.
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in the difference between the two EC3 values was fairly constant across the range of
values. Therefore, setting a 95% confidence interval with a constant width on the
logo scale across the range of data values was reasonable. The confidence bounds,
calculated as the difference between the log;o-transformed EC3 values (interpolated
and extrapolated) were —0.23 and 1.59, respectively. This implies that when using
extrapolated EC3 values, one can be reasonably confident that the estimated potency
classification of a chemical will be equal to or one category stronger than the esti-
mated potency derived through interpolation.

Assessment of Dose Response Quality

The quality of dose response curves and their impact on the accuracy of EC3
values obtained by log-linear extrapolation was assessed by calculating the difference
between logo-transformed EC3 values and then comparing that difference with a
ratio of slopes computed along the dose response curve. A difference of 1 on the
log;, scale represents the equivalent of 1 potency class. Based on the evaluation of
83 datasets with at least 3 points above SI = 3, it was evident that as the slope ratio
increases, the difference between the log EC3 values also tended to increase (Fig. 2).
The larger EC3 differences (in particular, those that exceed one) occurred when the
slope ratio exceeds 2. Slope ratios below 2 tended to be associated with much smaller
differences between the EC3 values. The correlation between slope ratios and EC3
differences was somewhat strong and was found to be statistically significant
(Spearman’s rho = 0.52, p < 0.001).

Assessment of the Lowest Sl Value

To calculate EC3 values by log-linear extrapolation, two SI values greater than
3 are used, with the lowest of the SI values having the lowest % concentration. To
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Figure 2 Comparison of the difference between the logl0 transformed EC3 values and the ratio of slopes
computed along the dose response to assess the impact of dose response curve quality on the accuracy of
log-linear extrapolated EC3 values.
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Figure 3 Comparison of the percent difference between the log-linear extrapolated and linear interpolated
EC3 values and the lowest SI >3 to assess the impact of the lowest SI on the accuracy of log-linear
extrapolated EC3 values.

determine what effect, if any, the lowest SI value has on the accuracy of log-linear
extrapolated EC3 values, both interpolated and extrapolated EC3s were calculated
from the same data set. The difference between the log;o-transformed EC3 values
was computed and compared with the lowest SI value >3 used in the extrapolation
(data not shown). In general, the accuracy of EC3 values obtained by log-linear
extrapolation was found to increase as the lowest SI value used in the calculation
approached 3, but the correlation was rather weak and not statistically significant
(Spearman’s rho =— 0.08, p = 0.304). However, when the difference between the
EC3 values was expressed as a percentage, a comparison with the lowest SI >3 used
to calculate the extrapolated values revealed a statistically significant positive corre-
lation (Spearman’s rho = 0.47; p < 0.001) (Fig. 3). Based on the statistical signifi-
cance of this correlation, one may consider taking the lowest SI value into
account when assessing the relative accuracy of EC3 values obtained using log-linear
extrapolation.

Representative Examples

To illustrate the effect of the slope ratio and lowest SI value >3 on the accu-
racy of log-linear extrapolated EC3 values; four representative datasets are provided
in Table 3 and Fig. 4. For 3-dimethylaminopropylamine (Fig. 4A, Table 3A) the
interpolated EC3 and extrapolated EC3 values were 2.2% and 2.3% respectively,
resulting in the same potency classification of moderate. For the extrapolated
EC3, the lowest SI value used was close to 3 and the slope ratio was 0.99, indicating
that the values used for extrapolation were on the linear portion of the curve. The
interpolated and extrapolated EC3 values for isoeugenol were also very similar
(Fig. 4B, Table 3B), and the lowest SI value used to derive the extrapolated EC3
was close to 3 and the slope ratio was 1.7. Disagreement between the potency
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Table 3 Comparison of EC3 values derived by linear interpolation and log-linear extrapolation

Conc. SI EC3  Slope Potency
Chemical (%) Value EC3' ext’> ratio® category” Reference
A. 3-Dimethylamino- 0.5 1.3 2.2 2.3 0.99  Moderate/Moderate 16
propylamine 1.0 1.1
2.5 3.5°
5.0 7.0
10.0 13.9
B. Isoeugenol 0.5 1.8 1.8 1.9 1.7 Moderate/Moderate 19
1.0 2.0
25 3.8
5.0 5.8
10.0 12.6
C. Phenylacetaldehyde 1.0 0.7 3.0 0.18 3.4 Moderate/Strong 16
2.5 1.8
5.0 7.8°
10.0 8.8
25.0 19.0
D. 1,2-Dibromo- 0.5 1.4 0.9 003 114 Strong/Extreme 16
2,4-dicyanobutane 1.0 3.4°
2.5 3.5
5.0 5.4

YEC3 values derived by linear interpolation.

2EC3 values derived by log-linear extrapolation.

3Slope ratio of the extrapolation EC3 value dose response curve.

“Potency classification based on the ECETOC categorization scheme. Potency based on interpolated
EC3 value/Potency based on extrapolated EC3 value from the same data set.

SLowest SI value used to calculate the EC3 values derived by log-linear extrapolation.

classifications based on log-linear extrapolated EC3 values relative to those obtained
by interpolation was observed for both phenylacetaldehyde and 1,2-dibromo-2,4-
dicyanobutane (Table 3C and 3D). The classifications derived from the extrapolated
values were off by one category and were more potent. The dose responses for these
two chemicals show that the data used for log-linear extrapolation were located on a
flat portion of the curve (Fig. 4C and 4D). Even though the lowest SI value used to
derive the extrapolated EC3 for 1,2-dibromo-2,4-dicyanobutane was close to 3, the
misclassification was most likely due to the poor quality of the dose response curve,
having a slope ratio of 11.4.

DISCUSSION

While many chemicals can be identified as contact sensitizers, it has been esti-
mated that they can vary significantly (and by up to 4 or 5 orders of magnitude) in
terms of their intrinsic ability to induce allergic contact dermatitis (7). Such differ-
ence in sensitizing activity are referred to as allergenic potency and, in this context,
can be defined as the amount of chemical required to induce skin sensitization in a
previously unexposed individual. Objective information regarding the relative
potency of one allergen compared with other skin sensitizers can be obtained from
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Figure 4 Representative examples of EC3 values calculated by both linear interpolation and log-linear
extrapolation. In each graph, the horizontal line denotes SI = 3. Lines are also shown to represent fits
through the two data points used; the straight line represents the data points used for linear interpolation
of the EC3 value and the curved line represents log-linear extrapolation. The data sets for these graphs are
given in Table 3. A 3-Dimethylaminopropylamine; B. Isoeugenol; C. Phenylacetaldehyde; D. 1,2-
Dibromo-2,4-dicyanobutane. The % concentration tested is shown on the x-axis and the stimulation index
(SI) is on the y-axis.

LLNA data and is based on the mathematical estimation of the concentration of
chemical necessary to obtain a threshold positive response, the EC3 value (9). Linear
interpolation has been shown to provide a simple and reliable method for calculating
EC3 values and requires that the LLNA dose response curve contain least one SI
value above 3, and one below. A method was developed to estimate EC3 values
by log-linear extrapolation when all test concentrations result in SI values greater
than 3 in order to avoid the need for repeat animal testing and obtain information
on a likely potency classification. With log-transformation of the data, extrapolated
EC3 values never fall below zero. To gain insight into the reliability of potency
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classifications based on log-linear extrapolated EC3 values, the impact of the quality
of the dose response information used to derive those values was explored.

A total of 187 data sets with at least one SI value less than 3 and at least two SI
values greater than 3 were used for this evaluation. EC3 values were calculated by
two methods namely, linear interpolation and log-linear extrapolation and the
resulting values were compared. Use of the same data set to obtain both values elimi-
nated experimental variability, which would have been present if data sets from inde-
pendent studies had been used. To assess the role of dose response curve quality on
the accuracy of log-linear extrapolated EC3 values relative to linear interpolated
values, 83 data sets with 3 or more data points above SI = 3 were used.

Overall, potency classification based on log-linear extrapolated EC3 values was
reliable and identified the same potency category as derived from linear interpolated
EC3 values for 88% of the data set evaluated. When potency classifications derived
from extrapolated EC3 values did not agree with those from interpolated EC3
values, the extrapolated classification tended to be off towards the side of caution,
i.e., a stronger classification.

Evaluation of these data revealed two aspects of data quality which can affect
the accuracy of potency classification derived from extrapolated EC3 values: the
location on the dose response curve of the data points used, and the value of
the lower SI. The dose response curve location of the extrapolation data points
was determined by calculating a ratio of the slopes between the second and third
and the first and second points. A higher degree of accuracy was found in the
extrapolated values derived from curves with slope ratios below 2, indicating that
the use of points which lie on the linear portion of the dose response curve results
in more reliable potency class estimations. A significant correlation was also found
between the lowest SI value and the accuracy of EC3 values derived by log-linear
extrapolation. The reliability of extrapolated values was found to be greater when
the lower SI value used in the calculation approached 3. Of these two parameters,
it appears that the slope ratio is the more important to consider. Examination of
the 83 datasets showed a higher percentage of potency misclassifications when
the slope ratio exceeded 2 compared to datasets with slope ratio less than 2 (data
not shown).

Clearly, confidence in potency classifications derived from the log-linear extra-
polation method is dependent upon the quality of the dose response data. When the
data do not permit the use of linear interpolation, calculation of EC3 values by log-
linear extrapolation can provide a reliable estimation of sensitization potency class
for use in risk assessment and may avoid the need for repeat animal testing.
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