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ARTICLE INFO ABSTRACT

Handling Editor: Martin Van den berg The in vitro H295R steroidogenesis assay (OECD TG 456) is used to determine a chemical’s potential to interfere
with steroid hormone synthesis/metabolism. As positive outcomes in this assay can trigger significant higher
tiered testing, we compiled a stakeholder database of reference and test item H295R data to characterize assay
outcomes. Information concerning whether a Level 5 reproductive toxicity study was triggered due to a positive
outcome in the H295R assay was also included.

Quality control acceptance criteria were not always achieved, suggesting this assay is challenging to conduct
within the guideline specifications. Analysis of test item data demonstrated that pairwise significance testing to
controls allowed for overly sensitive statistically significant positive outcomes, which likely contribute to the
assay’s high positive hit rate. Complementary interpretation criteria (e.g., 1.5-fold change threshold) markedly
reduced the rate of equivocal and positive outcomes thus improving identification of robust positive effects in the
assay.

Finally, a case study (positive H295R outcome and no endocrine adversity in vivo) is presented, which suggests
that stricter data interpretation criteria could refine necessary in vivo follow-up testing. Overall, the described
additional criteria could improve H295R data interpretation and help inform on how to best leverage this assay
for regulatory purposes.
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1. Introduction

Chemical-elicited endocrine disruption (ED) is an adverse outcome
of both physiological and regulatory importance. It is therefore critical
to develop testing strategies that can robustly identify chemicals
with potential endocrine activity and ultimately endocrine adversity.
One aspect of this testing is to identify chemicals that may interact
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with steroid hormone production, as steroid hormones regulate
biological processes including development and reproduction.
The H295R steroidogenesis assay is an in vitro system that can inform
on endocrine activity by determining a chemical’s potential to
interfere with the biosynthesis and metabolism of steroid hormones
(steroidogenesis). This assay system has been used predominantly to
evaluate effects on 17f-estradiol (E2) and testosterone (T) synthesis
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(OECD TG 456; OECD, 2011a). The H295R cell line is an adrenocortical
carcinoma cell line derived from an African American female that
maintains the biological characteristics of zonally undifferentiated
human fetal adrenal cells (Gazdar et al., 1990; Gracia et al., 2006).
It expresses all the key enzymes involved in steroidogenesis and has
been used to evaluate effects of chemicals not only on hormone pro-
duction but also on steroidogenic enzyme activity and expression
(Hecker et al., 2006; Hilscherova et al., 2004; Maglich et al., 2014).
Recently, a high-throughput adaptation of the H295R assay, measuring
hormones and intermediates, was developed as a screening tool as part
of the ToxCast program (Karmaus et al., 2016) that can provide insight
into chemical effects and prioritize any additional testing if necessary
(Haggard et al., 2018, 2019).

The use of the H295R assay in testing for putative endocrine dis-
ruptors has been recognized internationally; both the Organization for
Economic Cooperation and Development (OECD) and the U.S. Envi-
ronmental Protection Agency (EPA) Endocrine Disruptor Screening
Program (EDSP) have developed test guidelines for using this assay to
detect potential chemical perturbation of E2 and T production (Test
guideline OCSPP 890.1550 (EPA, 2009a; 2011b; Hecker et al., 2011;
OECD Test Guideline 456 (OECD, 2011a)). The H295R steroidogenesis
assay is also one of several Level 2 (in vitro) assays identified in the OECD
Conceptual Framework for Testing and Assessment of Endocrine Dis-
ruptors and Guidance Document 150 (OECD, 2018a) as providing in-
formation on endocrine mechanisms.

Criteria and guidance for identifying endocrine disruptors have been
in force in Europe since November 2018 for all plant protection products
(PPP) submissions (new or renewals) (ECHA/EFSA Guidance, Andersson
et al.,, 2018) and European regulatory agencies are now regularly
requesting the conduct of Level 2 in vitro assays to determine the
endocrine activity of PPPs. The guidance reviews the estrogenic,
androgenic, steroidogenic, and thyroid modalities, describes a minimum
data set to be considered sufficiently investigated, and recommends a
stepwise approach to testing. More specifically, this test battery in-
vestigates the potential of a compound to interfere with the estrogen and
androgen modalities for ED through the conduct of the estrogen and
androgen receptor transactivation assays (OECD TG 455 (2021) and 458
(2020) respectively) with the potential to interfere with the steroido-
genesis modality being addressed using the aromatase inhibition
(OPPTS guideline 890.1200; EPA, 2009b) and the H295R steroidogen-
esis (OECD TG 456) assays. Follow-up Level 3 in vivo assays, consisting
of the uterotrophic and Hershberger assays (OECD TG 440 and 441
respectively), are requested if the in vitro assays are negative. Further-
more, an in vivo Level 5 reproductive toxicity assay is triggered when
positive outcomes are observed in any Level 2 or Level 3 assay to be able
to contextualize the findings and identify adversity.

With respect to the H295R steroidogenesis assay, concerns have been
raised by industry stakeholders about the high incidence of low efficacy,
but nonetheless statistically significant, outcomes in the assay and the
consequences that such findings could have on further testing re-
quirements. Specifically, this is the only Level 2 ED assay for which there
is no short-term in vivo (Level 3) assay available as a follow-up.
Furthermore, the Level 4 pubertal assays are considered as insuffi-
ciently robust to clearly identify adversity due to altered steroidogene-
sis. Consequently, according to the EFSA/ECHA ED guidance document
(Andersson et al., 2018), a Level 5 reproductive toxicity study is
required to contextualize any positive signal identified in the in vitro
H295R assay, which would lead to the use of up to ~1800 animals per in
vivo study for each test substance concluded to be positive in the H295R
assay.

The OECD validation report of the H295R assay recommended using
a 1.5-fold change as a cut-off threshold for activity (Hecker et al., 2011);
however, this threshold for activity was not included in the original final
test guideline (OECD TG 456, 2011a). Thus, based on the discrepancies
between the validation report and the test guideline, as well as the
regulatory consequences of the H295R assay outcomes that could lead to
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significant animal testing, a database was compiled by stakeholders
comprising of ~16,800 H295R assay data points to explore the nature of
the positive assay outcomes. This compendium of data is the first of its
kind for the H295R steroidogenesis assay as it allowed a comprehensive
evaluation of outcomes using data generated in assays conducted per the
test guideline (OECD TG 456). Additional information was also provided
for several of the test items included in the database regarding whether a
Level 5 reproductive toxicity study was triggered because of a positive
outcome in the H295R assay.

During the course of these analyses, the concerns raised by industry
stakeholders were echoed by members of the OECD validation man-
agement group for non-animal testing (VMG-NA) originally tasked with
the validation of the H295R test guideline (OECD 456), which were
triggered by the reporting of an unusually high occurrence of positive
outcomes by some contract research organisations (CROs) and other
laboratories (Jacobs, 2021). Based on their analyses of 20 H295R studies
performed at one CRO, the test guideline was recently refined to
re-introduce the 1.5-fold change threshold for activity (OECD TG 456,
2011a).

The analyses conducted herein complement this refined activity
threshold criteria as they summarize instances of equivocal outcomes
with low efficacy (ie < 1.5-fold changes) and provide additional insight
into approaches that may complement current test guideline data
evaluation interpretation criteria to robustly identify positives that
merit in vivo follow-up.

2. Materials and methods
2.1. Data sources

Test item data obtained from GLP or GLP-like studies conducted in 7
test facilities and according to the OECD TG 456 protocol were provided
by 11 participating agrochemical companies. Raw data were submitted
using a standardized template for all test item runs and accompanying
quality control (QC) plates. In addition to all control chemical and test
item data, the conducting laboratory identity, cell passage number, raw
hormone levels for T and E2, and cytotoxicity data were requested. The
final inventory comprised 16,841 entries, of which 9975 represent test
item plates, which amounted to 50 test items, and 6866 represent QC
plates. For the analyses conducted, fold change values and all statistical
outputs were computed de novo to ensure consistent processing of all
data. All analyses were conducted using R v4.1.0 (R Core Team, 2021).

2.2. Run interpretation criteria

The overall dataset comprised 50 test items with 38 of these sub-
stances having data from 2 to 4 runs. The analyses described herein
focussed on these 38 test items as the data were generated in-line with
OECD 456. The remaining 12 test items were not included in the eval-
uations as only single runs were performed for them. All runs were
analyzed and a run interpretation of equivocal, positive, or negative was
determined based on fold changes using four different approaches as
described below.

The first approach (“Approach 1”) was analysis of pairwise
concentration-specific significance compared to plate-matched vehicle
controls. This was evaluated by ANOVA followed by Dunnett’s test as
described in the test guideline. In brief, first a Shapiro-Wilks test was
used to assess data normality, if data were normal then ANOVA with
Dunnett’s was run; when data were not normal, Dunn’s test was con-
ducted as a non-parametric alternative. Differences were considered
significant at p < 0.05. For the sake of simplicity, results from this
workflow are simply called “Dunnett’s” in subsequent descriptions.

Additional approaches were integrated into the interpretation from
this first “Dunnett’s” approach to assess the impact of additional criteria
on the individual run and overall final outcome calls. More specifically,
Approach 2 integrated the outcome from Approach 1 (Dunnett’s) and
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used a non-parametric Jonckheere-Terpstra trend statistic to confirm
significant concentration-response trend (for either increase or decrease
hormone levels) across testing concentrations. Approach 3 (as per the
current OECD TG456, 2011a) integrated the outcome from Approach 1
(Dunnett’s) with the requirement to achieve at least 1.5-fold change
(induction or inhibition), with the mean fold change across replicates
per testing concentration being evaluated. Finally, the fourth approach
integrated all three of the evaluated parameters in combination:
outcome from Approach 1 (Dunnett’s), trend test results, and fold
change cutoff. A brief description of interpretation criteria for each
approach are listed below.

1 Approach 1: “Dunnett’s” (ANOVA with Dunnett’s test or Dunn’s
test), per the original OECD TG 456 (2011a)
a. Positive: two consecutive concentrations significant (p < 0.05)
b. Equivocal: one or non-consecutive significant concentrations
significant (p < 0.05)
¢ Negative:no significant effect vs. solvent control (p > 0.05) at any
testing concentration
2 Approach 2: Dunnett’s and Jonckheere-Terpstra (JT) trend test
a. Positive: positive Dunnett’s (see criteria 1a above) and significant
JT (p < 0.05)

b. Equivocal: equivocal Dunnett’s and significant JT (p < 0.05)

c. Equivocal: positive Dunnett’s and insignificant JT (p > 0.05)

d. Negative: equivocal Dunnett’s and insignificant JT (p > 0.05)

e. Negative: no significance by Dunnett’s and significant JT (p <
0.05)

f. Negative: no significance by Dunnett’s and insignificant JT (p >
0.05)

3. Approach 3: Dunnett’s and fold change cutoff, as per the current

OECD TG 456 (2022)

a. Positive: >two adjacent concentrations with positive Dunnett’s
(p < 0.05) and maximum fold change >1.5

b. Equivocal: equivocal Dunnett’s (as described above for Approach
1; point b and c) and max fold change >1.5 in at least one testing
concentration

c. Negative: negative Dunnett’s even if max fold change >1.5 in at
least one testing concentration

d. Negative: anything with max fold change <1.5 for all testing
concentrations

4 Approach 4: Dunnett’s, JT trend test, and fold change cutoff

a. Positive: positive Dunnett’s, significant JT trend test, and max
fold change >1.5

b. Equivocal: positive Dunnett’s, insignificant JT trend test, and max
fold change >1.5

c. Equivocal: equivocal Dunnett’s, significant JT trend test, and max
fold change >1.5

d. Negative: anything with max fold change <1.5

e. Negative: negative Dunnett’s, significant JT trend test, and max
fold change >1.5

f. Negative: negative Dunnett’s, insignificant JT trend test, and max
fold change >1.5

g. Negative: equivocal Dunnett’s, insignificant JT trend test, and
max fold change >1.5

Individual runs for all 50 test items were first evaluated using the
above four approaches followed by approach-specific interpretation
combining the interpretation of individual runs to give an overall
conclusion, determined based on the decision matrices for possible
outcomes defined in the relevant OECD TG 456 (ie decision matrix
described in the 2011 version of the test guideline was used for
Approach 1 whereas the matrix described in the 2022 version was used
for Approaches 2-4). As the decision matrices require at least two in-
dependent runs for interpretation the outcomes were finally determined
for a total of 38 chemicals where data from >2 runs for both T and E2
were available.
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2.3. H295R outcome and triggering of new level 5 reproductive toxicity
studies

For 36 of the 38 test items additional information was supplied by
the participating agrochemical companies, which allowed the conse-
quences of the H295R outcome to be assessed in terms of additional in
vivo testing.

2.4. H295R outcome compared with in vivo data: A case study

In vivo data for a test item (ID 20) that tested positive in the H295R
assay according to the original guideline (OECD TG456, 2011a) were
reviewed to identify any consistent findings or any pattern indicating
adversity relating to EAS-modalities in the absence of systemic toxicity.

3. Results
3.1. QC plate performance

The OECD TG 456 protocol includes the evaluation of a quality
control (QC) plate as part of each test run in order to monitor assay
conditions when testing chemicals. In addition to basal production
minimums, the performance criteria for the QC plate require that 10 pM
forskolin achieve induction of steroidogenesis as measured by > 1.5-fold
induction of T levels compared to solvent control and >7.5-fold induc-
tion of E2 levels. Additionally, 1 pM prochloraz should achieve inhibi-
tion of hormone levels relative to solvent control of at least 0.5-fold (e.g.,
2-fold decrease) for both T and E2.

The QC plate data accompanying all testing runs were obtained and
compiled amounting to ~1600 data points each for forskolin- and for
prochloraz-mediated effects. The log2 fold change of T and E2 levels in
response to forskolin and prochloraz were evaluated (Fig. 1). The QC
plate data were grouped by test facility for this evaluation (i.e., labo-
ratory where testing was conducted whether on-site or at a contract
laboratory) regardless of the data source for this compilation. The
compiled data reveal that achieving minimal inhibition/induction with
control chemicals on the QC plates is not robustly accomplished for all
QC plate data, with several samples below cutoff values for all perfor-
mance criteria. Nonetheless, the minimal induction of hormone levels by
forskolin was generally achieved in most of the data compiled. The in-
hibition of T and E2 levels by prochloraz on the other hand were less
frequently achieved in multiple testing laboratories.

3.2. Evaluation of data interpretation outcomes

After nearly a decade’s experience of performing the OECD TG 456
assay, concerns regarding assay outcomes suggest that consideration of
alternative approaches for data interpretation may be warranted. The
evaluation of multiple data interpretation criteria was undertaken to
determine the impact of efficacy cutoffs and of requiring trend testing
for concentration-response. First, all test item runs were analyzed de
novo from raw hormone concentration readouts including determination
of relative fold change and statistical evaluation. After integration of
cytotoxicity data and conduct of statistical analyses, each run was
assessed by four different approaches, one of which was the original
OECD TG 456 approach (Approach 1) and a second one used the 1.5-fold
threshold cut-off approach (Approach 3), now included in the refined
test guideline, to derive an outcome interpretation of positive, negative,
or equivocal (Table 1).

The first approach evaluated statistical significance of each testing
concentration as per the original OECD TG456 (2011a) defined criteria
and yielded the highest number of positive interpretations for the in-
dividual runs (66 of 191 total runs evaluated; 36 positive E2 runs and 30
positive T runs). With the integration of either trend testing (Jonck-
heere-Terpstra trend test; Approach 2) or fold change cutoff (at least
1.5-fold efficacy achieved at one testing concentration, as per the refined
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Fig. 1. QC Plate Performance by Test Site. The QC

prochloraz inhibition of T

prochloraz inhibition of E2

plate performance criteria require evaluation of 1 pM
prochloraz-mediated inhibition (A and B) and 10 pM
forskolin-mediated induction (C and D) of T (blue)

and E2 (red) hormone levels as fold change relative
l H to solvent controls. The minimum required inhibition
of T and E2 levels is 0.5-fold (in log2 space this is
marked as a dashed line at —1 in panels A and B).
Forskolin-mediated induction of T should be at least
1.5-fold (marked at 0.58 in the log2 space in panel C)
and E2 induction at least 7.5-fold (marked as a
dashed line at 2.9 in log2 space in panel D). Data are
plotted as box-and-whisker plots to visualize data
distribution where the box has a bar representing the
median and spans from the 25th to 75th percentile of
data points with whiskers extending to the 5th and
95th percentiles, any data points outside this range
(likely outliers) are plotted as individual points
outside the box-and-whisker plot’s reach; a violin plot
was added as a shaded area to help visualize data
density, with the widest areas revealing where most
of the reported data values were.
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testing laboratory

OECD TG 456 (2022); Approach 3), the number of positive in-
terpretations was reduced. Approach 4, where the statistical significance
per testing concentration was combined with both the trend testing and
the fold change cutoff did not yield increased stringency above
Approach 3 suggesting that fold change cutoff is sufficiently discrimi-
nating in identifying robust positives. The most interesting observation,
however, was the marked decrease in equivocal calls, and, consequently,
the increase in total negative calls as additional criteria were integrated
into the interpretation. Notably, the impact of additional criteria in-
clusion equally impacted interpretations for both T and E2. These results
confirm that the addition of trend testing and/or efficacy cutoff to the
existing statistical evaluation may help reduce equivocal outcomes and
refine the identification of robust positive calls.

Ultimately, test item outcome determinations require evaluating
interpretations of at least two independent runs. We derived outcome
determinations for the 38 chemicals from our compiled inventory that
had at least two runs. Summaries per test item were compiled for all four
approaches, for T and E2 separately; results for E2 are provided in
Table 2 and for T in Supplementary Table 1. By evaluating the run
interpretation and test item final outcomes, it is clearer to see the impact

D E

testing laboratory

of the additional criteria in using Approaches 2, 3, and 4. Application of
the fold change criterion (Approach 3) was more impactful in reducing
positive outcomes than simply the addition of a trend test (Approach 2).
This is particularly so when considering both overall positive outcomes
as well as with the newly defined category of weak positive outcomes
(OECD TG456, 2011a).

Detailed results for all runs of an example test item (ID8) that was
greatly impacted by the alternative analysis approaches are plotted in
Fig. 2. For this test item, using only the ANOVA Dunnett’s statistical
approach (Approach 1) resulted in runs with equivocal, negative, and
positive interpretations, leading, therefore, to the overall conclusion
that the test item was positive for interference with steroidogenesis
based on the 2011 version of the test guideline. The additional use of the
Jonckheere-Terpstra trend testing (Approach 2) showed that two of the
three runs had a statistically significant trend for increasing E2 levels;
however, in combination with the Dunnett’s analysis only one of the
runs was considered positive using Approach 2. The overall outcome
interpretation for test item ID8 was therefore negative according to the
decision matrix of the refined version of the test guideline (2022).
Furthermore, all runs were negative when applying the fold change
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Table 1
Summary of run interpretations using four different approaches.

Regulatory Toxicology and Pharmacology 143 (2023) 105461

APPROACH 1": OECD TG
456 DUNNETT’S

APPROACH 2: DUNNETT’S
AND TREND TEST

APPROACH 3“: DUNNETT’S AND
FOLD CHANGE CUTOFF

APPROACH 4: DUNNETT’S, TREND
TEST, AND FOLD CHANGE CUTOFF

Individual runs® Positive 66 (36 E2; 30 T) 50 (27 E2; 23 T) 28 (17 E2; 11 T) 28 (17 E2; 11 T)
Equivocal 69 (39E2;30T) 47 (23 E2; 24 T) 12 (6 E2;6 T) 12 (6 E2;6 T)
Negative 56 (21 E2; 35 T) 94 (46 E2; 48 T) 151 (73 E2; 78 T) 151 (73 E2; 78 T)
Overall call per Positive 19E; 15T OF; 4T 7E; 2T 7E; 2T
hormone Weak NA 10E; 10T 3E; 3T 3E; 3T
Positive’
Negative 4E; 10T 15E; 15T 27E; 29T 27E; 29T
NA 15E; 13T 4E; 9T 1E; 4T 1E; 4T
Overall H295R Positive 23 11 8 8
assay conclusion Weak NA 11 4 4
Positive’
Negative 3 9 24 24
NA 12 7 2 2

NA: Not Applicable was applied when the decision matrix of the relevant version of the TG does not account for the combination of results (or an additional run was not
available in the current dataset which would be required to conclude on an outcome) or the overall final call (ie weak positive does not exist in the original version of

TG 456 (2011)).
a
brackets).
b Approach as per original OECD TG 456 (2011).
¢ Approach as per current OECD TG 456 (2022).

: sum of all runs for each test chemical having two or more runs (both E2 and T are summed to obtain totals in bold, with hormone specific sums provided in

d: The refined OECD TG 456 (2022) includes a new category of weak positive capturing occurrences of equivocal/negative/(positive or equivocal) or equivocal/

equivocal/(equivocal or positive) for each of the three runs.

cutoff (Approach 3) as well as Approach 4 highlighting the only mar-
ginal increases (<1.5-fold at all concentrations), despite clear trends and
high testing concentration significance. This example highlights how
critical biological context is for efficacy interpretation and that statis-
tical analyses can support but alone are not necessarily sufficient for
interpretation determinations.

3.3. H295R outcome and triggering of new level 5 reproductive toxicity
studies

Outcomes from the H295R assay (positive or inconclusive) can lead
to the requirement for the conduct of a Level 5 reproductive toxicity
study as defined by the OECD Conceptual Framework (OECD Concep-
tual Framework for Testing and Assessment of Endocrine Disrupters). Of
the 38 test items that were subjected to the above analyses, additional
information was provided for 36 of them in terms of whether a new
Level 5 reproductive toxicity study was triggered due to the H295R
outcome (details given in Table 3). Fig. 3 illustrates that a new repro-
ductive toxicity study (OECD TG 443: Extended One Generation
Reproductive Toxicity Study or OECD TG 416: 2-Generation Repro-
ductive Toxicity Study) was performed for 13/36 test items because of
either a positive or inconclusive conclusion according to the original
2011 OECD TG 456 criteria. As indicated earlier in Table 1 and high-
lighted in both Fig. 3 and Table 3, the incidence of positive/inconclusive
outcomes in the assay for these test items was markedly reduced when
applying the fold change cutoff introduced into the refined OECD TG
456 (2022).

Although it would have been interesting and pertinent to provide
concrete information concerning the false positive rate in this assay with
respect to the outcome in the newly conducted Level 5 reproductive
toxicity studies, this was not possible because, at the time of writing,
most of the 13 test items were undergoing the renewal process in the EU
and the official regulatory conclusions on their ED potential were not yet
available. More specifically, out of the 13 test items with additional
reproductive toxicity data, only one has recently been concluded as non-
ED for human health (HH) by EFSA (official EFSA conclusion not yet
available) and the draft assessment reports (DAR) prepared by the
rapporteur member state (RMS) for an additional two substances in-
dicates non-ED for HH. Of the remaining 10 test items, a conclusion of
non-ED (specifically referring to the estrogen, androgen, and

steroidogenesis (EAS) modalities) has been proposed by the applicants
for 8 test substances and no information was provided for the remaining
two compounds (Fig. 3; Table 3).

For the 11/13 compounds considered non-ED (either officially or
otherwise) this was due to either the absence of adversity in the exten-
sive database available for each compound (including the new repro-
ductive toxicity study) or due to an absence of a plausible link between
the in vitro and in vivo observations. Interestingly, 4 of the 13 test items
for which a reproductive toxicity study was triggered were still
concluded as being positive in the H295R assay even after application of
the fold change cut-off. Three of these four compounds were considered
by the applicants as non-ED due to either the absence of adversity (2
items) or the absence of a plausible link (1 test item); no additional in-
formation was provided for the 4th test item. Notably, of the compounds
that did not have a new reproductive toxicity study performed, the
majority (17/23 test items) would have been negative according to the
new OECD TG 456 guideline which integrates fold change, but the one
compound that was withdrawn due to ED remained positive. The
absence of adversity, despite a positive, albeit weak, outcome in the
original H295R assay is described in more detail below using test item ID
20 as a case study.

3.4. H295R outcomes compared with in vivo data: A case study

The weight of evidence assessment to determine the ED potential
within the regulatory context, according to the EFSA/ECHA ED guid-
ance (Andersson et al., 2018), for a test item was provided for review
herein. This example demonstrates how critical the interpretation of the
H295R steroidogenesis assay is because follow-up on a positive outcome
requires substantial in vivo testing to be conducted.

Briefly, the review of ToxCast/Tox21 high-throughput screening
data had initially suggested that the test item (ID20 in the blinded
compiled dataset) was negative in the estrogen receptor pathway model
(Judson et al. 2015) and androgen receptor pathway model (Klein-
streuer et al. 2017). As, according to the EFSA/ECHA ED guidance
(Andersson et al., 2018), the estrogen bioactivity model is considered
sufficiently predictive of interference with the estrogen modality, no
further testing for this modality was requested; however, more infor-
mation concerning the potential of the test item to interfere with the
androgen and steroidogenesis modalities for ED was required.
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Table 2
Outcome interpretation for estradiol (E2) effects per test item.

ID  Approach 1: Approach 2: Approach 3: Approach 4:
OECD TG 456 DUNNETT’S DUNNETT’S DUNNETT’S,
DUNNETT’S AND TREND AND FOLD TREND TEST,

TEST CHANGE AND FOLD
CUTOFF CHANGE CUTOFF

1 Positive: NA: negative, Negative: Negative:
equivocal, equivocal negative, negative, negative
positive negative

2 Positive: Positive: Positive: Positive:
negative, negative, negative, negative, positive,
positive, positive, positive, positive  positive
positive positive

3 Positive: WP: positive, Negative: Negative:
positive, equivocal, negative, negative, negative,
equivocal, negative negative, negative
negative negative

4 Positive: Positive: Positive: Positive: positive,
positive, positive, positive, positive  positive
positive positive

5 NA: positive, WP: equivocal, Negative: Negative:
equivocal, equivocal, negative, negative, negative,
equivocal negative negative, negative

negative

6 Positive: Positive: Positive: Positive: positive,
positive, positive, positive, positive  positive
positive positive

7 Positive: Positive: Positive: Positive: positive,
positive, positive, positive, positive  positive
positive positive

8 Positive: Negative: Negative: Negative:
equivocal, negative, negative, negative, negative,
negative, negative, negative, negative
positive positive negative

9 NA: positive, Negative: Negative: Negative:
equivocal, positive, negative, negative, negative,
equivocal negative, negative, negative

negative negative

11  Negative: Negative: Negative: Negative:
negative, negative, negative, negative, negative,
negative, negative, negative, negative
negative negative negative

12 NA: Negative: Negative: Negative:
Equivocal, negative, negative, negative, negative,
equivocal, negative, negative, negative
negative negative negative

13  Positive: Positive: Negative: Negative:
equivocal, negative, negative, negative, negative,
positive, positive, negative, positive
positive positive positive

14  NA: negative, Negative: Negative: Negative:
equivocal negative, negative, negative, negative

negative negative

16  NA:equivocal, Negative: Negative: Negative:
negative negative, negative, negative, negative

negative negative

17  Positive: WP: positive, Negative: Negative:
positive, negative, negative, negative, negative,
equivocal, equivocal negative, negative
positive negative

18  Positive: WP: equivocal, WP: negative, WP: negative,
positive, negative, equivocal, equivocal, positive
equivocal, equivocal positive
positive

19 NA: positive, WP: positive, Negative: Negative:
equivocal, equivocal, negative, negative, negative,
equivocal equivocal negative, negative

negative

20  Positive: Positive: NA: negative, NA: negative,
positive, positive, equivocal equivocal
positive positive

21  NA:equivocal, Negative: Negative: Negative:
equivocal negative, negative, negative, negative

negative negative
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Table 2 (continued)

D Approach 1: Approach 2: Approach 3: Approach 4:
OECD TG 456 DUNNETT’S DUNNETT’S DUNNETT’S,
DUNNETT’S AND TREND AND FOLD TREND TEST,

TEST CHANGE AND FOLD
CUTOFF CHANGE CUTOFF

22 NA: negative, NA: negative, Negative: Negative:
positive equivocal negative, negative, negative

negative

23 Positive: WP: equivocal, Negative: Negative:
equivocal, equivocal, negative, negative, negative,
equivocal, positive negative, negative
positive negative

24 NA: Negative: Negative: Negative:
Equivocal, Equivocal, negative, negative, negative,
equivocal, negative, negative, negative
negative negative negative

25 Positive: Positive: Positive: Positive: positive,
positive, positive, positive, positive  positive
positive positive

27  Positive: NA: negative, Negative: Negative:
equivocal, positive negative, negative, negative
positive negative

28  Positive: WP: negative, Negative: Negative:
equivocal, equivocal, negative, negative, negative,
positive, positive negative, negative
positive negative

29  NA:equivocal, WP: equivocal, WP: equivocal, WP: equivocal,
negative, negative, negative, negative,
equivocal equivocal equivocal equivocal

30 Negative: Negative: Negative: Negative:
negative, negative, negative, negative, negative
negative negative negative

31 NA:equivocal, NA: equivocal, NA: equivocal, NA: equivocal,
equivocal negative equivocal equivocal

33 NA:equivocal, Negative: Negative: Negative:
negative negative, negative, negative, negative

negative negative

40  Negative: Negative: Negative: Negative:
negative, negative, negative, negative, negative
negative negative negative

41 Positive: Positive: Positive: Positive: positive,
positive, equivocal, positive, positive  positive
positive positive

42 Positive: WP: equivocal, WP: equivocal, WP: equivocal,
equivocal, positive positive positive
positive

43  NA: negative, Negative: Negative: Negative:
equivocal, negative, negative, negative, negative,
equivocal negative, negative, negative

negative negative

44  Positive: Negative: Negative: Negative:
positive, equivocal, negative, negative, negative,
equivocal, negative, negative, negative
equivocal negative negative

45  Negative: Negative: Negative: Negative:
negative, negative, negative, negative, negative,
positive, positive, negative, negative
negative negative negative

48  NA:equivocal, Negative: Negative: Negative:
equivocal, negative, negative, negative, negative,
equivocal negative, negative, negative

equivocal negative

49 NA: negative, WP: negative, Negative: Negative:
equivocal, equivocal, negative, negative, negative,
equivocal equivocal negative, negative

negative

50 Positive: Positive: Positive: Positive: positive,
positive, positive, positive, positive  positive
positive positive

Note: Outcomes for the final interpretation and individual runs for 38 test items
for which data from 2 or more runs were available. Final interpretations for
outcome scenarios are given in bold and were determined based on the original
OECD TG 456 decision matrix for Approaches 1 and 2, with details defined in the
Materials and Methods. Approach 3 final interpretations are based on the
recently refined test guideline.

NA: Not Applicable was applied when the current decision matrix does not
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account for the combination of results (or an additional run not available in the
current dataset which would be required to conclude on an outcome).

WP: weak positive; the refined OECD TG 456 (2022) includes a new category of
weak positive capturing occurrences of equivocal/negative/(positive or equiv-
ocal) or equivocal/equivocal/(equivocal or positive) for each of the three runs or
equivocal/positive for each of two runs. The same analyses for T are presented in
Supplementary Table S1.

Consequently, the AR-EcoScreen™ stably transfected human androgen
receptor transcriptional activation assay (ARTA; OECD TG 458; highest
concentration tested was 3.16 pM due to precipitation at higher con-
centrations) and the Level 3 Hershberger assay (OECD TG 441) were
conducted to address the androgen modality. The aromatase inhibition
(OPPTS 890.1200; highest concentration tested was 100 pM), and the
H295R steroidogenesis (OECD TG 456; highest concentration tested was
100 pM based on solubility) assays were performed to address the ste-
roidogenesis modality. No evidence of androgen agonism or antagonism
was observed in either the ARTA or the Hershberger assay (conducted at
15, 50, and 200 mg/kg bw/day, based on previous repeat dose studies
indicating effects on bodyweight, food consumption, and hematological
parameters from 150 mg/kg/d). Furthermore, the aromatase inhibition
assay was also negative.

The H295R steroidogenesis assay was the only Level 2 study to elicit
any statistically significant positive results. Specifically, statistically
significant increased estradiol levels were recorded at two consecutive
concentrations in two independent runs in the H295R study (Fig. 4a and
b), albeit the maximum fold increases were low (1.44 and 1.56-fold) in
both runs at the highest concentration (100 pM). Nevertheless, test item
ID20 was concluded to be positive in the steroidogenesis assay according
to the original test guideline (OECD TG456, 2011a). Analysis of the data
using the additional approaches described herein identified a significant
trend test (Approach 2) in both runs thus supporting the statistical an-
alyses of the original TG 456 (2011). Although this test item was
concluded as being positive according to the original OECD TG 456
(2011) as well as according to Approach 2 (trend test), application of the
criteria in the latest version of the guideline (OECD TG 456, 2022;
Approach 3 herein) determined that a third test run would have been
necessary to conclude on its potential to interfere with steroidogenesis
according to the latest OECD TG 456 (2022) as only the top concen-
tration in a single run was greater than 1.5-fold, thus leading to an
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equivocal call for this run (Fig. 4b). Furthermore, according to the de-
cision matrix of the latest guideline, the outcome of an eventual third
run would have resulted in either a negative or weak positive as the final
call (Fig. 4c). Nevertheless, in accordance with the EFSA/ECHA ED
guidance document (Andersson et al., 2018) the marginal positive result
(as per TG 456 2011) for test item ID20 triggered the conduct of a level 5
extended one-generation reproductive toxicity study (OECD TG 443).
The Level 4 female pubertal assay (OPPTS 890.1450 (EPA, 2011a)) was
not conducted as the assay is generally considered to be not robust
enough to clearly identify adversity resulting from altered
steroidogenesis.

To evaluate endocrine disruption potential of test item ID20, rele-
vant endocrine organ endpoints from in vivo studies were reviewed and
summarized (Table 4). These studies overwhelmingly demonstrate a
lack of endocrine effects. The studies included subchronic rat, mouse,
and dog studies from which measured weights of endocrine organs and
histopathological examinations yielded no evidence of endocrine ef-
fects. The main findings were for effects on body weight, with some
secondary organ weight changes, effects on food consumption, and on
some hematological parameters. Ultimately, the conclusion from these
subchronic studies was that there were no effects relevant to estrogen/
androgen/steroidogenesis (EAS)-modalities and that the criteria for ED
were not met. Additional dietary chronic toxicity and carcinogenicity
studies were also conducted, in which no effects on weights or histo-
pathology of endocrine organs were observed, resulting in the conclu-
sion that there was no evidence of EAS-mediated endocrine effects in
long-term studies in rats and mice. Finally, data available from several
reproductive toxicity studies, including the newly conducted extended
one generation reproductive toxicity study, were also assessed for
endocrine effects, which despite some parental toxicity at higher doses,
showed no consistent effects on reproductive efficiency nor on endo-
crine organ weight or histopathology.

In summary, the in vivo data confirmed that the test item did not
provide any consistent findings or any pattern indicating adversity
relating to EAS-modalities in the absence of systemic toxicity. The lack
of endocrine activity for the test item was confirmed by the absence of
effects in the Level 2 (ARTA and aromatase) and Level 3 assays. The
additional Level 5 testing initiated based on the marginal efficacy pos-
itive call from the H295R steroidogenesis assay in this case did not
substantiate the in vitro observation (Table 4) and confirmed the lack of

Run analysis details

Run ANOVA Dunnett’s Trend Maximum
p<0.05 (pM) Fold Change
1 1 0.39 1.21
2 NA 0.02* 1.26
3 0.316,1,3.16 <0.0001* 1.35
M Run1
. Overall outcome interpretation
M Run3
Run Approach Approach? Approach? Approach?
1 2 3 4
1 Equivocal Negative Negative Negative
2 Negative Negative Negative Negative
3 Positive Positive Negative Negative
Overall Positive Negative Negative Negative

Fig. 2. Example detailed results for estradiol replicate runs of test item 8 (ID8) in the H295R steroidogenesis assay. The plot shows triplicate observations as
boxplots. Tables summarize the statistical analyses and the interpretation derived from each run and analysis approach.
NA: not applicable as no statistical significance observed; *: statistically significant JT trend test (p < 0.05). A: interpretations for Approaches 2-4 based on the

decision matrix in the recently refined TG 456 (2022).
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Table 3
H295R assay conclusions and subsequent In Vivo testing.
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Overall H295R assay conclusion

triggered by H295R Outcome

Level 5 Reproductive toxicity study

European ED conclusion for EAS modalities

ID  Approach 1: OECD TG Approach 3: OECD ED Who Justification/Comments provided by
456 (2011) (2022) participating agrochemical companies
1 Positive Negative No No Applicant All modality data negative
2 Positive Positive No Yes Applicant ED activity (withdrawn from Europe)
3 Positive Negative No No Applicant No additional information
4 Positive Positive No No Applicant No additional information
5 NA Weak Positive No No Applicant No additional information
6 Positive Positive Yes (OECD TG 416; 2011b) No Applicant Absence of plausible link
7 Positive Positive Yes® (OECD TG 416; 2011b) No Applicant Absence of adversity in higher tier in vivo
studies
8 Positive Negative Yes” (OECD TG 416; 2011b) No Applicant Absence of plausible link
9 Positive Negative Yes (OECD TG 416; 2011b) No Applicant Absence of adversity in higher tier in vivo
studies
11 Negative Negative No” Unknown No additional information provided
12 NA Negative No No Applicant Absence of adversity/activity in higher tier
studies and Level 3 tests
13 Positive Negative Yes (OECD TG 443) Unknown No additional information provided
14 NA Negative Yes (OECD TG 443) No Applicant Absence of adversity/activity in higher tier
studies and Level 3 tests
16 NA Negative No (not considered in this analysis as test item was a negative chemical from assay validation study)
17  Positive Negative No No Applicant/ Absence of adversity
draft ER
18  Positive Positive No No Applicant Absence of plausible link
19 NA Negative No No Applicant Absence of adversity
20  Positive NA Yes (OECD TG 443) No EFSA (2023)¢ Absence of adversity (including new repro
study)
21  Positive Weak Positive No No Applicant Absence of adversity and activity
22 NA Negative No No Applicant No additional information
23  Positive Negative No No Applicant No additional information
24 NA Negative No No Applicant No additional information
25  Positive Positive Yes (OECD TG 443) No Applicant No additional information
27  Positive NA No No Applicant No additional information
28  Positive Negative No No Applicant Absence of adversity in higher tier studies
29 NA Weak Positive Yes® No Applicant Absence of adversity in higher tier studies
30 NA Negative No Test substance not submitted to Europe
31 NA NA No Test substance not submitted to Europe
33 NA Negative No Test substance not submitted to Europe
40  Negative Negative No Test substance not submitted to Europe
41  Positive Positive Yes (OECD TG 443) No Applicant/ Absence of adversity (including new repro
DAR study)
42 Positive Weak Positive Yes (OECD TG 443) No Applicant/ Absence of adversity (including new repro
DAR study)
43 NA Negative Yes (OECD TG 443)° No Applicant Absence of adversity (including new repro
study)
44  Positive Negative Yes (OECD TG 443) No Applicant Absence of adversity (including new repro
study)
45  Negative Negative No No Applicant Absence of adversity
48 NA Negative No No Applicant/ Absence of adversity
DAR
49  Positive Negative No No Applicant/ Absence of adversity
DAR
50  Positive Positive No information provided

The H295R assay outcomes based on the original and refined OECD TG 456 criteria (2011, 2022 respectively) are presented alongside the additional information
provided by the participating agrochemical companies. A new level 5 reproductive toxicity study (either a 2-generation or an extended one generation reproductive
toxicity study) was requested for 13 test items based on the positive/inconclusive outcome in the H295R assay according to the original criteria. The overall conclusion
for EAS mediated ED (mainly based on the review of the extensive in vitro and in vivo database for each compound by the corresponding applicant) are also provided.

ER: Evaluation report; DAR: draft assessment report.
2 Additional Level 2 assays were also concluded as positive.

b A positive Level 3 assay triggered an EOGRT (OECD TG 443); however, this study was not considered in the analyses described herein as it was not triggered by the

H295R assay.
¢ Study guideline information not provided.

4 The EOGRT (OECD TG 443) was requested by the US EPA rather than EFSA.

¢ Internal feedback only as official EFSA conclusion not currently available.

ED adversity already concluded from the substantial in vivo data package
available for the test item. It is interesting to note that this compound
was recently concluded as non-ED for HH by EFSA (internal communi-
cation; EFSA conclusion not yet published). The inclusion of a fold
change cutoff in this case could have, therefore, supported appropriate
categorization of this chemical as not having frank effects on steroido-
genesis, which would have been consistent with all other findings and
mitigated the need for additional in vivo studies.

4. Discussion

The H295R steroidogenesis assay was developed as “a level 2 ‘in vitro
assay, providing mechanistic data’ to be used for screening and prioritization
purposes”, as stated in the first paragraph of the introduction in OECD TG
456 (2011, 2022). The second paragraph goes on to state, “the assay does
not provide specific mechanistic information concerning the interaction of the
test substance with the endocrine system. Research has been conducted using
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Number of Test Substances Considered

No New Reproductive Toxicity
Study Performed

= New reproductive toxicity study triggered

# No new reproductive toxicity study requested/performed

New Reproductive Toxicity
Study Triggered

H295R Assay Outcome

Original OECD TG 456 (2011)

1
: Q ‘ = Positive
= Negative
4 = Weak positive
# Inconclusive

» Non ED (applicant)

Refined OECD TG 456 (2022)

Conclusions on ED

Not submitted in EU

| Ll

4

= Withdrawn due to ED
Withdrawn: other

* No information
(testing on-going)

Original OECD TG 456 (2011) Refined OECD TG 456 (2022)

QA

® Positive

= Negative

= Weak positive
Inconclusive

= Non-ED (EFSA/DAR)
= Non ED (applicant)

# No information
supplied

Fig. 3. Additional information was provided by the participating agrochemical companies for 36 of the 38 test items used in the analyses described herein. A new
level 5 reproductive toxicity study (either a 2-generation or an extended one generation reproductive toxicity study) was requested for 13/36 test items based on the
positive/inconclusive outcome in the H295R assay according to the original criteria. The pie charts provide an overview of the H295R assay conclusions for each
scenario (i.e. reproductive toxicity study triggered or not) as well as the overall conclusion for EAS mediated ED (mainly based on the review of the extensive in vitro

and in vivo database for each compound by the corresponding applicant).

the cell line to identify effects on specific enzymes and intermediate hormones
...“. This context is critical and was rightfully stated at the forefront of
the OECD TG 456 document. Yet, this human cell line is ideal for ap-
plications to regulatory testing because it maintains the ability to pro-
duce basal hormone levels allowing for the assessment of both induction
and inhibition potential of a chemical on steroid hormones. The adop-
tion of this assay for regulatory testing for endocrine disruption poten-
tial has led to the results of this in vitro assay having a significant impact
on animal usage. Positive or equivocal outcomes have triggered sub-
stantial in vivo testing and concerns have arisen regarding over-
interpretation of outcomes from this in vitro test system. Thus, the pur-
pose of our analyses was to evaluate the data generated to support
regulatory submission of PPPs, to assess outcomes and subsequently
provide complementary data interpretation criteria approaches. During
the course of our analyses similar concerns raised by CROs and other
laboratories led to a re-analysis by the original OECD validation man-
agement group of 20 H295R studies performed at one CRO. This re-
analysis included use of the 1.5-fold change threshold for activity orig-
inally recommended in the validation report (Hecker et al., 2011) and
ultimately led to its inclusion in the refined Test Guideline (OECD TG
456, 2022). Our analyses, based on a more extensive and broadly
sourced database support the refinement and indicate that the criteria
for stringent assay conduct and the inclusion of statistical trend analysis
proposed herein could help with interpretation in a regulatory context as
they can take into account the data-driven characteristics of this assay
and help identify truly robust effects that are appropriate for decision
making rather than simply characterizing effects for “screening and
prioritization purposes”.

The H295R cells maintain the capacity for inducible production of
steroid hormones. However, this is a rather sensitive system and thus

stringent assay requirements are in place to ensure performance is
meeting the necessary quality. These criteria include detailed specifi-
cations in the test guideline for cell culture including a custom media
formulation as well as the requirement of freezing the cells after growth
for five passages and use within no more than 10 passages. A QC plate is
required to be run in tandem with test plates to provide a complete
assessment of assay conditions. The test guideline provides plate layout
and performance criteria for the QC plate. In addition to confirming
passage numbers, our review began with the evaluation of QC plates to
assess dynamic range requirements for conducting this assay. This
evaluation revealed that several testing sites have wide distributions for
induction and inhibition levels for E2 or T, some of which have means
that do not meet the defined performance criteria. Scrutinizing QC
plates is of relevance as limited dynamic ranges can compromise results
obtained with test items. To robustly determine which results will have
the greatest likelihood to be of biological relevance, a large dynamic
range is critical.

For test item assessments, our results suggest that integration of
trend testing and/or efficacy cutoffs would reduce the high rate of
equivocal determinations and refine positive outcomes to only those
that are robust and most likely to be biologically relevant. The trend
testing allows for confirmation that effects are showing a statistically
significant trend across concentrations. By applying a Jonckheere-
Terpstra test no dose-response modeling is required and, as a non-
parametric test, there are no assumption tests required either since the
statistical approach is evaluating an ordered difference in medians. This
simple approach agrees with the recent refinement of OECD TG 456 and
can help provide more resolution to the criteria requiring two significant
consecutive testing concentrations.

The database described herein provided insight into the impact that
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Run analysis details for estradiol

4a 17 4b ; -
Run  ANOVA Dunnett’s Trend Maximum
1 p<0.05 (1M) Fold Change
1 10, 31.6, 100 8x10° 1.45
o 13 "
o 2 31.6, 100 2.84x10 1.56
& [JERun1
6 1 1 . . .
z b E Run 2 Overall outcome interpretation for estradiol
i
0.9 OTRun1 Run Approach  Approach  Approach  Approach
W Trun2 1 2 3 4
0.7 | ¥ K - --_C 1 Positive Positive Negative Negative
05 2 Positive Positive Equivocal  Equivocal
GOL 001 02 1 3.16 10 BEO 00 Overall Positive Positive NA NA
Concentration (uM)
4c .
Run1 Run 2 Run3 Final Call
Scenario Decision Scenario Decision Scenario Decision
Negative Confirma Negative Stop Negative
- Negative Confirma Positive/ Equivocale Refineb Negative Stop Negative
Negative Confirma Positive Refine? Positive Stop Positive
Negative Confirma Positive Refine® Equivocal® Stop Weak Positive
- Negative Confirma Equivocalc Refined Positive/ Equivocale Stop Weak Positive
Equivocal® Refine® Negative Confirm2 Negative Stop Negative
Equivocal® Refine? Negative Confirm2 Positive/ Equivocal Stop Weak Positive
Equivocalc Refineb Equivocale Confirma Equivocalc/ Positive Stop Weak Positive
Equivocalc Refine® Positive Stop Weak Positive
Positive Refine? Positive Stop Positive
Positive Refine® Negative Confirm? Positive Stop Positive

Fig. 4. Test item ID20 was tested in the H295R steroidogenesis assay (according to OECD TG 456, 2011) as part of its in vitro ED assessment.

Fig. 4a: The plot shows triplicate observations as boxplots for both runs for estradiol and testosterone. The estradiol increase resulted in a positive interpretation
according to the original version of the test guideline (2011) as statistically significant increases in this hormone were observed in both runs at 31.6 and 100 uM
Fig. 4b: Tables summarize the statistical analyses and the interpretation derived from each run and analysis approach for estradiol; NA: Not Applicable was applied as
the current decision matrix (OECD TG 456, 2022) does not account for the combination of results (negative, equivocal) and an additional run would have been

required to conclude on the overall outcome.

Fig. 4c: Decision matrix taken from the current version of OECD TG 456 (2022). Arrows indicate the two possible final calls for test item ID20 if a third run had

been performed.

low efficacy, but nonetheless statistically significant, outcomes in the
steroidogenesis assay (based on the criteria of the original OECD TG 456
(2011)) could have on additional animal testing. Specifically, new Level
5 reproductive toxicity studies were triggered for 13/36 test items
because of a positive or inconclusive outcome in the assay according to
the original test guideline criteria. As can be seen in Fig. 3 and Tables 3
and 6 of those 13 compounds would have been classified as negative in
the assay according to the recently refined OECD TG 456 (2022).
Nevertheless, ~23,400 animals were used to address the relevance of
the H295R assay outcomes for the 13 compounds in question.

To date only one compound included in our database has been
officially concluded as non-ED for HH and two others are considered as
non-ED in the DARs written by the RMS. In addition, a conclusion of
non-ED for the EAS modalities has been proposed by the applicants for 8
of the other 10 test substances (no information is available at this time
for the remaining two compounds for which the H295R data were
voluntarily provided blindly for this project). In all cases these conclu-
sions were based on either an absence of adversity in the extensive in
vivo database available for each compound (including the new repro-
ductive toxicity study) or an absence of a plausible link between the in
vitro and in vivo observations.

The comprehensiveness of the in vitro and particularly the in vivo
dataset used to determine whether an agrochemical is an ED was clearly
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demonstrated with the case study described herein. Test item ID20 was
negative in all Level 2 assays except the H295R assay in which it was
marginally positive for E2 induction. Specifically, the H295R assay had
statistically significant increases in estradiol at two consecutive testing
concentrations in two independent runs, with only the highest concen-
tration in one run exceeding 1.5-fold. All in vivo bioassays including
short- and long-term and reproductive studies previously conducted on
the test item, as well as the extended one-generation reproductive
toxicity assay (OECD TG 443, 2018b) that was triggered as a result of the
positive H295R assay, revealed no adverse effects for the
EAS-modalities. Test item ID20 has recently been concluded by EFSA as
a non-ED for human health (internal information, EFSA conclusion not
yet published) and is an example of where a weight of evidence
approach with more stringent outcome interpretation criteria for the
H295R assay could have been more effective in properly determining
that the test item was in fact not of concern for ED at an earlier stage,
negating the requirement for further evaluation in an in vivo reproduc-
tive toxicology test and thereby significantly reducing animal usage.
The refinement of OECD TG 456 (2022) not only includes the 1.5-
fold threshold but also a new final call category of weak positive in
the decision matrix. Currently, however, there is no clear guidance
concerning what follow-up tests (if any) would be triggered in the case
of a molecule being concluded as a weak positive. In the case of test item
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Table 4
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Summary of Findings Relevant to EAS-Mediated Effects from in vivo OECD Guideline Studies.

Species  Exposure Highest Dose Effects Evaluated” EAS Related Observations
Administered
rat 90 days/13 weeks (dietary Study 1: 5000 ppm Endocrine organ weights and histopathology No effect in the 6 studies.
studies; OECD TG 408; Study 2: 20,000 Study 3: 1degree of diffuse vacuolation of zona fasciculata
2018¢) ppm observed in males but not dose related and considered not
Study 3: 20,000 treatment related.
ppm
Study 4: 1500 ppm
Study 5: 1200 ppm
Study 6: 600 ppm
rat 52 weeks (dietary studies) Study 1: 1000 ppm Endocrine organ weights and histopathology No effect in either study
Study 2: 1000 ppm
rat 104 weeks (dietary studies) Study 1: 1000 ppm Endocrine organ weights and histopathology Study 1: No effect; Minimal 1 uterine sclerosis, not
treatment-related (regarded as age-related finding)
Study 2: 500 ppm Study 2: No effect; Increased incidence of uterine
endometrial stromal sarcoma (exact Cochran-Armitage test
did not prove positive trend given high value in controls).
Study 3: 1000 ppm Study 3: No Effect; Age related tuterine sclerosis
Study 4: 2500 ppm Study 4: No effect; Slight 1 pituitary adenoma in males but
within HCD
rat 2-generation reproductive Study 1: 1000 ppm Endocrine organ weights and histopathology. No effect in either study
toxicity study (dietary study)  Study 2: 225 mg/ Reproductive efficiency parameters”
kg/day (dietary
adjusted)
rat 3-generation reproductive 500 ppm Endocrine organ weights and histopathology. No effect
toxicity study (dietary study) Reproductive efficiency parameters”
rat Extended one generation 200 mg/kg/day Endocrine organ weights and histopathology. No ED related effects
reproductive toxicity study Reproductive efficiency parameters” (including Microscopic findings related to changes in haematology
(oral gavage; OECD TG 443) sperm parameters). Pre and post weaning parameters indicating methaemaglobinaemia were
developmental landmarks observed in males and females at all doses indicating
general toxicity.
Two F1 cohort 1a males in the top dose group had reduced
cauda epididymal and tests weights with seminiferous
tubule degeneration and reduced luminal sperm. These
were considered incidental, commonly observed findings in
young animals, which were not observed in F1 cohort 1b
males.
mouse 8 weeks (dietary) 15,000 ppm Endocrine organ weights and histopathology No effect
mouse 78 weeks (dietary) 7000 ppm Endocrine organ weights and histopathology No effect: Increased amyloidosis in ovaries and adrenals not
treatment-related (regarded as age-related finding)
mouse 104 weeks (dietary) 1000 ppm Endocrine organ weights and histopathology No effect
dog 60 days (dietary) 30,000 ppm Endocrine organ weights and histopathology No effect; | relative adrenal weight and minimal - slight
diffuse hypertrophy of zona glomerulosa considered to be
due to severe toxicity at doses >3000 ppm
dog 18 weeks (oral, capsule) Up to 1000 mg/kg/ Endocrine organ weights and histopathology No effect
day
dog 104 weeks (dietary) 1000 ppm Endocrine organ weights and histopathology No effect

@ Gonadal histopathology comprises uterus, ovary, testis, epididymis, and histopathology; some studies also include prostate, vaginal, and mammary histopathology.
Gonadal organ weights include uterus, ovary, testis, epididymis weights. Adrenal weights and histopathology were also included in the analyses.
b Reproductive efficiency parameters included mating, fertility, implantation sites, gestation indices, mean/median gestation length, litter parameters, sex ratio, and

in some cases developmental effects or malformations.

ID20, the conduct of a third H295R assay would have been necessary to
be able to conclude on its potential to interfere with steroidogenesis.
Furthermore, depending on the results from this third run, the test item
could be classified either as negative or as a weak positive according to
the guideline’s revised decision matrix. Although not a common
occurrence in the extensive database described herein, a number of
compounds were classed as weak positives according to the refined
decision matrix (3 each for E and T and as an overall conclusion for 4
compounds). Furthermore, two compounds would warrant additional in
vitro testing to finally conclude on steroidogenesis activity with poten-
tially weak positive final calls. Clearly, further retrospective analyses
will be required to fully understand the in vitro to in vivo extrapolation,
particularly in cases of a weak positive outcome in the H295R assay.
In summary, the compendium of data compiled herein is the first of
its kind to collate and assess H295R steroidogenesis data generated for
regulatory purposes. This dataset was used to evaluate thousands of data
points to allow data-driven determination of QC plate trends and
assessment of different analysis approaches to determine potentially
effective complementary criteria that can aid identification of robust
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positives and minimize equivocal outcomes. The H295R steroidogenesis
assay is an important part of the Level 2 in vitro testing available to
evaluate endocrine disrupting potential of chemicals and the analyses
herein can help inform on how to best leverage data from this assay to
provide information for regulatory purposes.
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