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1. BACKGROUND

EFSA has conducted a re-evaluation of the risks to public health related to the presence
of bisphenol A (BPA) in foodstuffs, which resulted in an EFSA opinion adopted by the CEP
panel during its plenary meeting on 6-7 December 2022. A draft of this opinion underwent
a public consultation (PC) from 15 December 2021 to 22 February 2022
(https://connect.efsa.europa.eu/RM/s/publicconsultation2/a0l1vO0000E8BRD/pc0109). In this
context BfR provided several comments highlighting divergences related to various aspects
of EFSA’s scientific assessment. EFSA answered in detail to all the comments received in
Annex N of the opinion (EFSA CEP Panel, 2023).

The founding Regulation of EFSA stipulates that where there is a substantive divergence
over scientific issues that cannot be resolved between EFSA and another body, the two
bodies are obliged to cooperate with a view to either resolving the divergence or presenting
a joint document to the European Commission clarifying the contentious scientific issues
and identifying the relevant uncertainties in the data. This document shall be made public
(Article 30 of Regulation (EC) No 178/2002).

In this context, a meeting was held between the two bodies on 11 January 2023 to discuss
the diverging views on the scientific opinion and to identify opportunities for possible
convergence.

This document focuses on the key points of scientific divergence and has been written
jointly between the two bodies for the attention of the European Commission (EC).

2. POINTS OF SCIENTIFIC DIVERGENCE

Divergences related to the following items were identified and discussed in the meeting:

a) Adverse effect definition in the BPA assessment,

b) Inclusion and exclusion of scientific evidence in the BPA assessment,

c) Apical endpoints vs intermediate endpoints associated with BPA exposure:
reference point (splenic Thl17 cell percentage increase) acceptability, adversity
and relevance,

d) Reproductive toxicity endpoints,

e) Uncertainty analysis (UA) as applied in the BPA assessment,

f) Choice of the human equivalent dose (HED) factor.

3. DISCUSSION
Specific points of discussion are presented below:
a) Adverse effect definition in the BPA assessment

EFSA selected as reference point (RP) to establish the health-based guidance value (HBGV)
of BPA an intermediate endpoint, i.e. splenic Th17 cell percentage increase.

BfR acknowledged that there is evidence that BPA can have this and other effects on the
immune system. However, BfR stated that no convincing evidence on the relationship
between the BPA-mediated increase of the splenic Th17 cell percentage after stimulation
of splenic cells ex vivo and adverse outcomes in animals and humans (e.g. inflammation)
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exists. Neither the study from which the endpoint was derived (Luo et al., 2016), nor other
long-term exposure studies (see e.g. Tyl et al., 2008, Delclos et al., 2014, studies
conducted in the CLARITY project) or epidemiological studies report adverse apical effects
like inflammation. No endorsed adverse outcome pathway exists for this endpoint. Thus,
BfR considers that the novel intermediate endpoint “Th17 cell percentage increase in the
spleen” does not seem sufficiently justified and established as predictor for an adverse
health outcome in animals or humans and considers it not suitable for derivation of an
HBGV.

Along these lines, BfR stated that the selection of this endpoint is not in agreement with
the WHO/IPCS definition of adversity! (WHO/IPCS, 2009), used by EFSA.

BfR is of the opinion that the intermediate endpoint “splenic Th17 cell percentage increase”
in animal models is currently not sufficiently justified as a predictor of adverse health
outcome in animals and humans. Therefore, BfR considers the selection of this
intermediate endpoint a paradigm shift: it leads away from considering the evidence for
human health risks related to a certain exposure to a substance towards considering
possible adversity, which might manifest in vivo eventually. BfR considers this is not in
line with general practices.

In addition, according to BfR, conservative worst-case assumptions are used in every step
of the risk assessment process (e.g. the choice of the effect of concern, the weight of
evidence (WoE) process as a whole, the choice of the toxicokinetic factor and the approach
of quantifying remaining uncertainties), resulting in an over-conservative HBGV.

BfR does not agree with the hazard characterisation carried out by EFSA and consequently
does not support the TDI and following risk characterisation.

EFSA highlighted that the definition of adversity used (WHO/IPCS, 2009) makes no
mention, nor requirement for apicality of an effect to be considered adverse. In setting
the HBGV, EFSA takes into account the effects which have a relationship with possible
apical adverse effects and, therefore, potentially toxicologically relevant. However, such
effects do not necessarily need to relate to an apical endpoint in a one-to-one causal
association. EFSA includes the use of intermediate endpoints considered having a clear
causal correlation with an adverse outcome (AQO). EFSA deems that by weighting the
overall body of evidence according to the applied protocol, it is possible to identify a link
between an intermediate effect and an adverse outcome, even though the AO is not
necessarily expressed within the design and scope of the studies considered and is not
necessarily confirmed in a single (guideline) study.

The evidence reviewed in the opinion (Section 3.1.3), as well as the increasing scientific
evidence on BPA effects (see responses to comment 30 in Annex N), was considered to
clearly show that an increment in the Th17 cell percentage and their interleukins indicate
enhancement of differential polarisation of the immune system consistent with
proinflammation, and are involved in various immune-mediated disorders related to
inflammatory pathogenesis both in animals and humans (e.g. psoriasis, diabetes, multiple
sclerosis, neutrophilic asthma, etc.). Such evidence was also present in several animal

! “Changes in the morphology, physiology, growth, development, reproduction or lifespan of an organism, system or
(sub)population that results in an impairment of functional capacity, an impairment of the capacity to compensate for additional
stress or an increase in susceptibility to other influences” (Annex 1 of WHO/IPCS, 2009).
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studies considered in the current opinion which however were not included in WoE as they
were judged as Tier 3. Moreover, there are also human studies that link Th17 cell-related
effects to inflammation. In particular, there is clinical success of targeting the IL-17/IL-23
axis in chronic inflammation of body lining, while for internal organs this is less clear
(Zwicky et al, 2020).

EFSA additionally noted that the lack of effect in the few available long-term studies does
not necessarily mean that there is a lack of effect. In fact, it is well known that different
species and strains have different sensitivity toward immune disorders. As reported in the
opinion (Section 3.3 - Risk characterisation), ‘for studying immunotoxicity, very often
intermediate parameters are being used’. ‘It is known that the developing immune system
is especially vulnerable to chemical insults and that effects during developmental stages
may have consequences later in life. This is well known for immune-mediated conditions
such as allergy and autoimmunity (Dietert, 2014, Hessel et al., 2014)".

Therefore, based on the current definitions from WHO/IPCS used by EFSA, intermediate
endpoints, such as Th17 cell increase, can be considered adverse effects and, depending
on the available information, may be used as a RP to establish HBGVs.

Finally, EFSA reiterated that the NTP CLARITY-BPA program did not specifically investigate
Th17 cells in mice.

b) Inclusion and exclusion of scientific evidence in the BPA assessment.

BfR criticised the exclusion of multiple data from the WoE approach due to a restriction of
the detailed study analysis to a narrow publication time window and considers that
evidence from older studies was not sufficiently considered by EFSA at several points. Even
if an initial literature search was carried out with a defined publication time-frame, BfR
would have considered additional studies beyond (i.e. both before and after) that time-
frame, at least for the identified critical endpoints. In the opinion of BfR, a hazard
assessment based solely on studies from a specific publication period could be biased by
the time period the studies were performed. BfR considers this as a methodological
shortcoming e.g. for toxicokinetics, immunotoxicity and reproduction toxicity clusters.

In addition, BfR identified some studies that were classified as Tier 3 for formal reasons,
such as missing information on BPA purity, but were of good quality overall. In contrast,
studies that claim to assess very low-dose BPA effects but use inappropriate housing
materials and/or feed were classified as Tier 1, even though background contamination is
highly likely. In contrast to EFSA, BfR considers such unintended contamination relevant
as it disqualifies the respective studies for a quantitative assessment.

EFSA explained in detail in the responses to comments 91, 27, 52-b and 53-a in Annex N
of the opinion that the time-frame was the one set in the hazard assessment protocol,
developed and published a priori to the BPA re-evaluation.

EFSA highlighted that performing a safety assessment using a systematic approach implies
necessarily a predefined cut-off date for the literature to be considered and consequently
the production of a data-gap in the evaluation. EFSA also pointed out that, despite this,
additional literature published after 2018 was taken into account and referred to, where
appropriate, in the response to the comments received during the PC (see Annex N of the
opinion). Furthermore, regarding Immunotoxicity the single studies from 2015 opinion and
2016 Immunotoxicity statement were evaluated and considered of no impact on the
overall conclusion. Additionally, specific literature published after 2018 was referred to in
the opinion for improving the description of the clusters and endpoints grouping and

mechanistic issues.
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As regards the methodology used to assess the internal and external validity of the studies
collected in the timeframe 01 January 2013 to 15 October 2018, a testing phase was
carried out comparing the new methodology with the one used in 2015, and the
comparability was considered sufficient and robust to not re-evaluate the literature already
assessed. Determination of the TDI was conducted according to the methodologies
described in EFSA guidance documents (EFSA Scientific Committee, 2017a,b; 2018a,b).

EFSA also pointed out that the exclusion of studies from WoE based on the lack of
information on purity was done according to the hazard assessment protocol used for the
BPA assessment (see Annex A to the opinion). This protocol underwent a PC before being
published. Impurities are considered a key criterion in the evaluation because they may
significantly affect the toxicity.

c) Apical endpoints vs intermediate endpoints associated with BPA exposure:
reference point (splenic Th17 cell percentage increase) acceptability,
adversity, and relevance.

According to BfR insufficient data exist to establish quantitative evidence or a causal link
between the intermediate endpoint (increased Th1l7 cell percentage) and an adverse
outcome, as well as for a transfer of the observed effects to other species including
humans. The role of Th17 cells is context dependent and not yet fully understood in mice
and humans. So far, a genetic link between increased IL-17A levels and disease in humans
is missing (Li et al., 2018). Except for human plaque psoriasis and a few related diseases
such as psoriatic arthritis, many trials targeting the IL-17A pathway in humans have fallen
far short of expectations (Zwicky et al., 2020). In numerous animal studies on BPA, the
typical histological adverse effect expected to result from increased Th17 cell percentage
and activity - inflammation - was never detected even in doses up to 5 orders of
magnitude higher than the BMDL40 from Luo et al (2016). This holds true both for rats
and mice (see e.g. Tyl et al., 2008, Delclos et al., 2014, or the studies conducted in the
CLARITY project). EFSA (2023) also considered BPA effects on inflammation as ‘Not
likely?’, in the exposure regimes “developmental”, “developmental & adult” and “adult”.
There was only one study (Ogo et al., 2018) in which EFSA considered relevant and ‘Likely3’
the effects of BPA on neutrophils in epididymis during the exposure period growth
phase/young age.

Therefore, there is strong evidence that the administered doses in Luo et al. (2016) do
not lead to adverse immune outcomes in healthy animals. Regarding animal models of
disease, according to BfR, the study quality is still very low and results are inconsistent.
The lack of reliable epidemiological studies (BfR agrees that e.g. repeated 24-hour urine
samples would be required) prevents a definite judgement of human effects.

EFSA highlighted that even in the absence of a quantitative Adverse Outcome Pathway
(AOP), evidence for a link between Th17 cells and adverse outcomes exists (Lynde et al.
2014; Martin et al., 2013) as reported in Section 3.1.3 of the opinion. Additionally, the
probability of this association was quantified during the expert’s knowledge elicitation

2

Not Likely: There is very low confidence in the body of evidence for an association between exposure to the
substance and health effect/s (e.g. there is evidence showing consistent no effects).
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(EKE) performed in the context of the UA exercise (see Section 3.2.3 and Appendix D in
the opinion).

EFSA further clarified that the selection of the pivotal study Luo et al. (2016) was based
on a risk of bias scrutiny process of scientific papers. The conclusions from the present
opinion were not based on one study, i.e. the Luo et al. (2016), but are drawn on the WoE
of the entire data set, considering all studies available within the time frame (please refer
also to the response to comment 236 in Annex N of the opinion). EFSA highlighted that
besides the immunotoxicity studies, also studies in other health outcome categories
HOCs), i.e. in reproductive toxicity and metabolism, reported effects at doses that are
within 7 fold compared to the effects observed on Th17 cells (i.e., on primordial ovarian
follicles, sperm motility and uric acid). The effect on Th17 was the most sensitive observed,
even if the differences in doses with the other effects were relatively small. The effects
identified in Luo et al. (2016) were also confirmed in more recently published studies,
showing effects at the same dose range (Section 3.1.3 and response to comment 30 in
Annex N). Also, the relevance in humans, the evidence related to allergy, the species
difference, as well as human variability concerning immune response, have been
addressed in the opinion.

Finally, EFSA does not dispute the not likely effects identified in the WoE related to the
inflammation in some exposure categories. However, EFSA made clear that the study in
which effects of BPA on IL-6 and neutrophils in epididymis were considered relevant and
likely during the exposure period growth phase/young age, was a high-quality Tier 1 study.

BfR expressed concerns on the use of the selected intermediate endpoint for setting a
TDI/HBGV based on the available data. In the BPA assessment, BfR does not question the
use of an intermediate endpoint as such, but of an intermediate endpoint not accompanied
by the observation of corresponding apical effects in the relevant in vivo data.

EFSA reiterated that no guidance on how to deal with intermediate endpoints has been
developed yet; however, their use to establish a HBGV is not new to EFSA RAs (e.g.,
copper, cadmium and polyfluoroalkyl substances (EFSA Scientific Committee, 2023; EFSA
CONTAM Panel, 2011; EFSA CONTAM Panel, 2020), when a clear causal relationship with
an adverse outcome is identified, as already specified above. This is also the case for Th17
cells percentage (see point a).

BfR considered questionable the dosing in the study on which the HBGV was based (Luo
et al. 2016) due to the likely background contamination originating from polycarbonate
cages and non-controlled standard chow. There are several publications reporting
detectable BPA levels in serum of animals from control and/or vehicle groups, even when
care was taken to minimise contamination via e.g. housing materials (Bauer et al., 2012;
Churchwell et al., 2014; Petzold et al., 2014; Heindel et al., 2015; Camacho et al., 2019).
In BfR"s view, the use of standard chow potentially exerting estrogenic activity hampers
the interpretation of the BPA effects. Consequently, BfR would not consider the
classification of this study as Tier 1 and would not include it in the WoE.

EFSA pointed out that the background contamination due to polycarbonate cages
reported in Luo et al. (2016) was taken into account during the appraisal of the study’s
internal validity (see Annex E of the opinion), and it was considered not to be a bias. This
appraisal was also done according to the criteria set in the hazard assessment protocol.
EFSA also highlighted that, background contamination (by e.g. BPA, phytoestrogens,
others) is well known, and it may occur even under the most carefully controlled
conditions, such as in the NTP CLARITY study. In response to the public consultation the
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potential exposure of animals held in polycarbonate cages was estimated based on the
study Howdeshell et al. (2003), and considered to be negligible; in addition, considering
that controls and test animals were treated in the same way, it was considered as not
relevant (see response to comment 45-a3 in Annex N). Additionally in the Luo et al. (2016)
study, treatment effects showed a clear dose response. Even if it is not known whether
background exposure to phytoestrogens affected the Th17 cells, again, controls were
treated similarly to the test animals. The uncertainty of the dose at which the effect occurs
was taken into consideration in the UA section.

BfR noted that an assessment of course should follow the predetermined hazard
assessment protocol, but if that protocol leads to debatable conclusions, this needs to be
considered when discussing the final outcome of the assessment.

EFSA reiterated that the methodology was designed for cross-checked conclusions, not to
be followed blindly. As a matter of fact, the hazard assessment protocol underwent several
revisions during the evaluation process to allow a flexible, fit for purpose but scientifically
sound methodology. Each study was discussed in detail and judged by two experts, and
in a second step, by the whole working group, until a common consensus was reached and
subsequently discussed and adopted by the CEF Panel. Furthermore, the BPA assessment
protocol was submitted for PC and published in 2017 (EFSA, 2017).

d) Reproductive toxicity endpoints

BfR expressed reservations regarding the study of Hu et al. (2018), from which the
endpoint ‘ratio of primordial and total ovarian follicles’ was derived. In addition to the
issues noted by EFSA (e.g. diet, cages, bedding not described), BfR considered further
shortcomings as too serious for the study to be allocated to Tier 2, as already detailed in
the PC. These shortcomings include the absence of reporting of follicle absolute numbers
and the lack of blinding during conduct of the ovarian follicle counts. The latter issue was
of particular importance to BfR since classification of follicle stages is somewhat subjective
and there is a clear risk of bias doing this type of analysis without blinding. BfR is of the
opinion that the reference to another paper (Hernandez-Ochoa et al., 2010) in the material
and methods section of Hu et al. (2018) relates to the scoring of follicle stages according
to morphological criteria. In the view of BfR, the fact that Hernandez-Ochoa et al. (2010)
analysed the impact of AhR knockout on follicular development in mice ‘without knowledge
of genotype’ does not mean that Hu et al. (2018) performed their analysis blinded as well.
Based on the shortcomings mentioned above and combined with the low effect size, BfR
considered the study by Hu et al. (2018) as not reliable. Due to this, BfR would have
allocated this study to Tier 3, instead of Tier 2, and therefore would have excluded it from
the WoE and not taken forward for BMD (Benchmark Dose) analysis.

The shortcomings identified in Hu et al. (2018) were all assessed by EFSA in the internal
validity appraisal (Annex E) and, following the assessment, the experts did not consider it
justifiable to downgrade the study tier. As noted in Annex E and reported in the response
to comment 95-a4 of Annex N, EFSA, in contrast to BfR, concluded that, based on the
follicle counting method cited by Hu et al. (2018) (i.e. Hernandez-Ochoa et al. 2010), Hu
et al. (2018) did perform their analysis blinded to treatment. EFSA also remarked that the
relevant endpoint was the ovarian follicle counts ratio rather than the absolute follicle
number. EFSA and BfR agreed that there were ovary effects based on the WoE.

0



Vi BfR \J

Report on diverging views between EFSA and BfR on EFSA bisphenol A (BPA) opinion

Regarding the endpoint sperm motility, BfR acknowledged the effects but assessed more
recent studies and performed a BMD analysis with these studies. In doing so, studies in
the same species and with similar exposure regimens were grouped and calculated
together using the respective study as a covariate. As a result, BfR derived much higher
HBGV values compared to the one identified by EFSA based on Wang et al. (2016). The
latter study was rated Tier 3 by BfR due to unknown background contamination. In
contrast to EFSA (2023), BfR considered the parameter “epididymal sperm count” as a
likely endpoint.

EFSA stated that the different result on the endpoint ‘sperm motility’ was due to the use
of different methodologies for assessing the studies. EFSA could not apply a covariate
analysis when applying the BMD approach due to the fact that the studies available during
the time span considered had a high variability in the design and were therefore not
suitable to be used with such approach.

e) Uncertainty analysis as applied in the BPA assessment

BfR made a point that a quantitative or semi-quantitative uncertainty assessment should
rely on the observed data, and not on expert judgement. Moreover, for a data-rich
situation such as the one for BPA, a suitable methodology for uncertainty characterisation
has been provided by WHO/IPCS (2018). BfR also considers that the main contribution to
the low TDI stems from the choice of the RP and therefore this point is more of a general
methodological nature. However, in the end, the divergence between BfR and EFSA
concerns many aspects of the hazard characterisation, adding up to a TDI newly derived
by EFSA (2023), which in the opinion of BfR is several orders of magnitude lower compared
to what BfR would expect. According to BfR, the updated UA performed by EFSA - maybe
due to the methodology applied (EKE analysis) - does not address and properly account
for this shortcoming in the hazard characterisation of BPA.

EFSA pointed out that the main impact on the low TDI was due to the RP, which was based
on new evidence considered with respect to the previous assessment (EFSA CEF Panel,
2015). The UA confirmed that a RP in this range was reasonable when taking account of
all the evidence and uncertainties, and that an additional uncertainty factor of 2 was
justified to achieve a reasonable (about 50%) probability of protecting against the most
sensitive endpoint that is relevant and adverse for humans. EFSA pointed out that it had
responded in detail to BfR’s concerns about the subjectivity of expert judgement in its
responses to the comments received in the PC (Annex N of the Opinion). In short, all
scientific assessment necessarily involves expert judgement, and this would also be true
of any other method of choosing a critical endpoint and determining a RP (including choice
of the BMR and modelling options for BMD analysis). The UA conducted for this Opinion
was based on careful and structured consideration of all the available evidence and
associated uncertainties, elicited quantitative judgements by a formal elicitation procedure
and combine those judgements by appropriate probability calculations to quantify the
overall uncertainty about the RP. In all these respects it was superior to a conventional
narrative assessment, both in terms of rigour and transparency, for the reasons explained
in detail in Annex N of the Opinion.

EFSA also pointed out that in its responses to the PC (to comment 91-c and 220 in Annex
N) it had responded in detail to BfR’s suggestion to conduct UA with APROBA (plus), which
is the software tool described in WHO/IPCS (2018) and explained why it was not applied.
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f) Choice of the HED factor

BfR considers the study of Doerge et al. (2011) inadequate for deriving and selecting the
human equivalent dose factor (HEDF) for mice due to several shortcomings and provides
the following explanation.

It has been known for a very long time that in contrast to humans, BPA undergoes
extensive enterohepatic recycling (EHR) in rodents due to differences in the molecular
mass threshold for biliary elimination in rats and humans. Due to the EHR, the blood
concentrations and elimination half-lives in rodents are increased. For more details, please
compare e.g. EFSA (2007) and EFSA (2008). A more recent study comparing different
species confirmed results from former studies (Collet et al., 2015). In Doerge et al. (2011),
levels of free BPA above the detection limit were only observed within the first three
measurement points and only in one or two of the twelve mice investigated per time point.
Hence, the EHR was not covered by the data of this study. Accordingly, the area under the
curve (AUC) of free BPA and thus, the HEDF, was very low compared to other studies (Sieli
et al., 2011; Talyor et al., 2011). In addition, the ratio of overall BPA to free BPA in serum
is very different from the other studies. Also in all other studies, including intravenous
application (Doerge et al. 2012; Sieli et al., 2011; Talyor et al., 2011; Collet et al., 2015),
the concentration/time profile of free BPA in serum mirrored the concentration/time course
of total BPA. This is not the case in Doerge et al. (2011), because the study did not cover
EHR. BfR concluded that Doerge et al. (2011) is not suitable for derivation of a realistic
HEDF.

In BfR "s view, the studies from Sieli et al. (2011), Taylor et al. (2011) should have been
considered instead. EFSA has argued that the named studies would not be suitable for
HEDF derivation, because the doses applied (up to 13,000 - 100,000 pg/kg bw) might be
above a linear dose range. Moreover, EFSA argued that due to possible limitation of
intestinal enzymes (Hanioka et al., 2022), the AUC of unconjugated BPA in serum might
be higher at higher doses, even if linearly dose adjusted. However, BfR stated that Taylor
et al. (2011) and others (compare EFSA (2008); EFSA (2010)) have clearly shown a high
linearity of the concentrations of unconjugated BPA in serum measured 24 h after oral
administration over a wide dose range (2 - 100,000 ug/kg bw). Also, the linearly dose-
adjusted concentration/time profiles after oral administration of 400 and 100,000 ug/kg
bw, respectively, match perfectly - apart from the last time point, where analytical
problems may have occurred (Taylor et al., 2011). This result seems plausible with respect
to the low solubility of BPA in water. BPA administered in fat (e.g. corn oil) or rodent chow
as in many studies considered in the EFSA opinion, will only slowly change into the aqueous
environment of the stomach and intestine. Hence, saturation of the enzymes in the
intestinal cells as seen in vitro (Hanioka et al., 2022) is unlikely in vivo even in comparably
high doses.

Hence, BfR does not support EFSA s argumentation not to use the studies suggested by
the BfR. In the view of the BfR, the HEDF for mice should be corrected. A realistic HEDF is
between 10 and 100 times higher, consequently leading to a TDI being 10 to 100 times
higher.

BfR also does not agree that this fact is sufficiently taken into consideration in the

uncertainty assessment. This is partly due to the process of uncertainty assessment used
by EFSA (EKE). But it is also BfR’s belief that in the first step, data should be used for the
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hazard assessment. In doing so, BfR considers evident from the data that the HEDF is at
least 10 times higher.

EFSA highlighted that the rationale for the choice of Doerge et al. (2011) and the non-
suitability of the studies indicated by BfR for the selection of the HEDF are clearly explained
in a specific section of the opinion (Section 3.1.1.4.1 Further clarifications on the selection
of the HED factor) and addressed in the response to comment 45-a2 in Annex N.

EFSA further clarified that the possibility that the HEDF could be 10 times higher, was
taken into account in a quantitative way in the revised UA (see Appendix D).

As reported in Annex N, already in the PC to the 2014 EFSA draft opinion, the derivation
of the HEDF from the study of Doerge et al. (2011) was critically commented. EFSA had
therefore revised the calculation of the AUC, which resulting in a higher value that was
then used for the published opinion in 2015.

The analysis of the toxicokinetic data of Taylor et al. (2011) showed that for the study
with 400 pg/kg bw the AUC (0-infinity) was 2.3-fold higher than the AUC (0 to 24h)
indicating an analytical problem with the last data point which leaded to unreliable AUC-
values and half-life estimates. For the study with 100,000 pg/kg bw, the use of the corn
oil vehicle, in addition to the very high dose, made it not possible to separate both the
kinetics of absorption and the kinetics of distribution from the elimination process (EFSA
CEF Panel, 2015).

Already in 2015, it was observed that the AUCs in the studies of Taylor et al. (2011), and
Sieli et al. (2011) were not increasing proportional to the doses used. This observation
pointed at a non-linear relationship.

The results of a recently published study on in vitro metabolism of BPA by microsomes
from mouse, rat and human may give an explanation on the mechanism behind this
observation. The study reports on the in vitro enzyme kinetics in microsomes for the
glucuronidation of BPA. The results clearly show that the concentration of BPA in the
gastrointestinal tract after a dose of 100,000 pg/kg bw is several orders of magnitude
higher than the Km for glucuronidation in intestinal microsomes in mice (Hanioka et al.,
2020). Hence, at this dose a smaller fraction of BPA is undergoing pre-systemic
metabolism in the gut wall than at lower doses. The authors reported also on Km-values
for liver microsomes in mice for which the Km value is also much lower than the
concentration of BPA reaching the liver, indicating that a smaller fraction of BPA is
undergoing pre-systemic metabolism in the liver than at lower doses. Hence, the plasma
concentrations of BPA at the high dose are not linearly related to the dose, implying that
the resulting AUC is increasing more that the increase in dose, with the result that the
AUC cannot be linearly adjusted to a dose of 100 pg/kg bw. For these reasons, and because
the experimental studies in humans were performed with much lower doses (30 pg/kg and
100 pg/kg), the AUCs from the study of Taylor et al. (2011) cannot be used for the
calculation of the HEDF.

The analysis of the toxicokinetic data of Sieli et al. (2011) indicated an extremely irregular
concentration-time profile in which the kinetics of absorption and the distribution cannot
be separated from the elimination process. This was explained by the vehicle corn oil and
the administration by feed. Therefore, the AUCs were considered not appropriate for
derivation of HEDF. The AUC after the dose of 20,000 ug/kg in the Sieli et al. (2011) study
amounted to 900 nM x h, which when scaled linearly down to a dose of 100 pg/kg would

be 4.5 nM x h.
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When comparing the AUC derived from the study of Doerge et al. (2011) and the AUC
derived from the study of Sieli et al. (2011), a high discrepancy could be observed which
could not be further explained. The CEF Panel therefore decided in 2015 to use the AUC
derived from the Doerge study (2011) for the calculation of the HEDF.

Also for the doses used in the Sieli et al. study (2011) the results of the study of Hanioka
et al. (2020) are of interest. The Km value of the gastrointestinal microsomes is far below
the concentration of BPA in the gastrointestinal tract after the doses of 20,000 ug/kg bw
and of 13,000 ug/kg bw, respectively. Hence, the plasma concentrations of BPA at the
high dose are not any more linearly related to the dose, implying that the resulting AUC is
increasing more that the increase in dose, with the result that the AUC cannot be linearly
adjusted to a dose of 100 ug/kg bw. For these reasons and because the experimental
studies in humans were performed with much lower doses (30 pug/kg and 100 pg/kg), the
AUCs from the study of Sieli et al. (2011) cannot be used for the calculation of the HEDF.

The study of Collet et al. (2015) is a study with intravenous administration of BPA. Because
of the intravenous administration, there is no pre-systemic elimination in the enterocytes
of the gastrointestinal tract and in the hepatocytes, both of which are major determinants
of the systemic availability of BPA. Hence, although the study results, in particular AUC
and clearance, are interesting, they cannot be used for calculating an HEDF for oral
administration of the dose.

Given that no new experimental toxicokinetic data in mice following oral exposure have
been published since 2013 which could shed light on the observed discrepancies, the CEP
Panel decided to stick to the decision made by the CEF Panel in 2015. The CEP Panel based
the calculation of the HEDF for the extrapolation from mice to humans on the AUC derived
from the data of Doerge et al. (2011) and the median of the experimentally obtained AUCs
in human volunteers (Teeguarden et al., 2015; Thayer et al., 2015), adjusted to a dose of
100 pg/kg bw.

3. CONCLUSIONS

Both BfR and EFSA acknowledged that the interpretation of the available evidence and the
assessment of the risks are intrinsically linked to the tools and methodologies used,
resulting in the divergences of opinion between the two institutions on several points, as
described above. On that basis, it is not possible to achieve convergence for the differences
of opinion between the two bodies regarding the hazard characterisation for BPA.

Both BfR and EFSA also acknowledged the importance of further constructive dialogue
between EU Agencies, Member State national authorities as well as risk communication
and management experts for future alignment of the methodologies applied, as foreseen
by the One Substance One Assessment approach under the EC Chemical Strategy for
Sustainability.
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