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Introduction

1. The Health Outcome Category “Reproductive and Developmental
Toxicity” is considered in section 3.1.6 of the EFSA opinion. This paper is
extensively based on the draft opinion and aims to provide a summary of the
information covered in the chapter along with additional information where
available. A number of the endpoints were taken forward for BMD analysis and it
is noted in the main opinion that changes in ovarian follicle ratios was the second
most sensitive endpoint and, had a TDI been set on this, the population would
have exceeded it by 2-3 orders of magnitude.
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Epidemiology

2. A total of 47 epidemiology studies were considered. Details of their
appraisal for internal validity is set out in Annex B to the EFSA opinion. The
studies are listed alphabetically and may cover more than one endpoint. All
epidemiology studies were considered to be tier 3, mainly because of low
confidence in the exposure assessment.

3. Weight of evidence analysis was conducted on the following clusters
and endpoints (see section 2.3.2 of the main opinion for further information on
HOCs etc). The main information extracted from the studies is summarised in
section C5 of Annex C to the opinion. The outcome of the weight of the evidence
is described in the text of the opinion (and summarised below) and presented in a
tabulated format in section D4 of Annex D to the opinion.

* C: Fetal and post-natal growth - Exp: Adulthood.
* C: Prematurity - Exp: Pregnancy.

» C: Pre-eclampsia - Exp: Adulthood.
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* C: Male fertility - Exp: Adulthood.

» C: Female fertility - Exp: Adulthood.

Cluster Fetal and post-natal growth - Exposure during
pregnancy

4. A total of 13 studies reported results on indices of fetal growth (Burstyn
et al., 2013; Philippat et al., 2014; Smarr et al.2015; Veiga-Lopez et al., 2015;
Birks et al., 2016; Casas et al., 2016; Ferguson et al., 2016; Huang YF et al.,
2017a; Pinney et al., 2017; Woods et al., 2017; Lee YM et al., 2018; Lester et al.,
2018; Mustieles et al., 2018b. Of these, two studies examined associations with
measures of growth in utero based on ultrasound measures and two studies
(Philippat et al., 2014; Lee YM et al., 2018) examined associations between
maternal pregnancy BPA concentrations in urine with measures of post-natal
growth up to 3 and 6 years of age. Overall, no consistent associations with birth
weight, birth length, head circumference or other indices measured in utero or at
birth were observed. In most cases the effect estimates were centred around the
NULL with wide confidence intervals, but significant associations were observed in
a few studies. As an example, the panel noted a study by Lee YM et al. (2018)
which reported a significant increase in birth weight with higher maternal
exposure while a significant decrease in femoral length in utero was observed. A
second study by Mustieles et al. (2018) examined associations with birthweight
among 346 subjects who were having their fertility status examined. In this study
a significant inverse association between maternal pre-pregnancy urinary BPA
concentration and birth weight was observed [~79 g decrease (95%CI: —153, —5)
for ~3-fold increase in BPA exposure]. For maternal samples collected during
pregnancy this association was in the same direction but non-significant [-38 g
(95%Cl: —101, 25)]. Although interesting, the panel considered that this inverse
association for maternal pre-pregnancy BPA concentration would need to be
replicated in another study before any robust conclusions can be drawn.

5. In terms of possible high exposures, Birks et al. (2016) used individual
data from 13 European birth cohorts to identify pregnant women who had been
occupationally exposed (based on self-report) to BPA during pregnancy. Of
133,957 individuals a total of 59 women with occupational exposure were
identified. Mean birth weight among these exposed women was not significantly
different from unexposed women. The few studies that examined more clinically
relevant birth outcomes such as small for gestational age and low birth weight
(Burstyn et al., 2013; Lester et al., 2018) did not find any association with



maternal BPA exposure. However, only the case-control study by Burstyn et al.
(2013) had sufficient statistical power to evaluate this outcome with some
accuracy. Concerning post-natal growth, the study by Lee YM et al. (2018) also
reported some significant associations between maternal concentrations of BPA in
pregnancy and weight and weight for length from age 3 to 6 years of age. In
contrast, no association with weight or length up to 3 years of age was observed
in the study by Philippat et al. (2014).

Overall conclusions

6. On the basis of the above studies, the CEP Panel concluded that an
association between maternal BPA exposure and impaired pre-natal and post-
natal growth is Not Likely.

Cluster Prematurity - Exposure during pregnancy

7. A total of seven studies examined the association between maternal
BPA concentrations and length of gestation or preterm delivery (Weinberger et
al., 2014; Cantonwine et al., 2015; Smarr et al., 2015; Veiga-Lopez et al., 2015;
Birks et al., 2016; Casas et al., 2016; Pinney et al., 2017. In a study of a cohort of
72 pregnant women, Weinberger et al. (2014) reported a significant inverse
association between total BPA concentration in urine and length of gestation
(approximately 1-day shorter gestation for each interquartile increase in
exposure). In contrast, a relatively large case-control study sampling 130 preterm
cases and 352 random controls taken from a larger birth cohort (n = 2246) did
not find any association between maternal urinary BPA exposure (samples
collected minimum three times during pregnancy) and preterm delivery
(Cantonwine et al., 2015. In other studies looking at length of gestation, no
association was consistently observed. In studies examining associations with
length of gestation no associations were observed (Smarr et al., 2015 ; Veiga-
Lopez et al., 2015; Casas et al., 2016; Pinney et al., 2017).

8. In terms of possible high exposures Birks et al. (2016) reported a
slightly longer gestation period (approximately 4 days) among 59 women that
were likely to have been occupationally exposed to BPA (based on self-report)
compared with unexposed women (n = 116,358).

Overall conclusions



9. On the basis of these studies, the CEP Panel concluded an association
between BPA exposure and shorter duration of gestation or increased risk of
preterm delivery is Not Likely.

Cluster Pre-eclampsia - Exposure during adulthood

10. Two case-control studies, Ye et al. (2017) n = 173 (73 cases, 99
controls) and Cantonwine et al. (2016), n = 481 (50 cases, 431 controls) for a
total number of cases of 123, assessed the association between BPA exposure
measured in spot urine (n = 1) or serum (n = 1) samples in pregnancy and
endpoints related to pre-eclampsia (onset and/or severity).

11. The detailed description and risk of bias assessment related to these
studies are provided in Annexes C and D to the opinion respectively. The study by
Cantonwine et al., (2016) was conducted in the US and did not report an
association with pre-eclampsia: HR (95% CI), 10 weeks 1.53 (1.04-2.25), 18
weeks 1.12 (0.61-2.07), 26 weeks 0.68 (0.43-1.07), average 1.14 (0.73-1.79).
The study by Ye et al., (2017) was conducted in China with similar endpoint
definitions. In this study, BPA exposure (continuous and per tertile) was
statistically significantly associated with pre-eclampsia Odds ratio (OR) (95% CI),
continuous BPA, 1.39 (1.19-1.63); OR (95% ClI), categorical BPA, medium 2.15
(0.98-4.75), high 16.46 (5.42-49.95), pre-eclampsia onset OR (95% Cl),
continuous BPA, mild severity 1.42 (1.21-1.67), severe 1.35 (1.14-1.60) and pre-
eclampsia severity (OR (95% ClI), continuous BPA, early onset 1.33 (1.07-1.66),
late onset 1.41 (1.20-1.66) 20-1.66).

Overall conclusions

12. On the basis of the above, the CEP Panel concluded that the evidence
for a positive association between BPA exposure and pre-eclampsia is ALAN.

Cluster Male fertility - Exposure during adulthood

13. A total of five studies (Buck Louis et al., 2014; Bae et al., 2015; Dodge et
al., 2015; Goldstone et al., 2015; Buck Louis et al., 2018) in three different
cohorts examined the relationship between urinary BPA concentrations and
fertility in both males and females.

14. Among couples (n = 218) seeking fertility treatment, Dodge et al.
(2015) found no association between urinary BPA concentrations in men and
fertilisation or live birth following in vitro fertilisation or insemination. Similarly,



Buck Louis et al. (2014) examined associations between urinary concentrations in
both male and female couples (n = 501) with fecundability. No association was
observed for urinary BPA concentrations in males and females.

15. In a later study of 339 males from the same cohort (Buck Louis et al.,
2018) no association was observed between BPA concentrations in seminal
plasma and fecundity.

16. These findings are in line with a study by Goldstone et al. (2015) where
no association was observed between urinary BPA concentrations and semen
quality (total count, concentration or morphology) in 418 males.

17. Finally, Bae et al. (2015) reported an association between paternal BPA
exposure and fewer male births (lower male to female sex ratio). (Relative risk of
male birth. per standard deviation change in the log- transformed maternal
urinary BPA concentration. RR 1.16 (95% Cl 1.03-1.31). The model was adjusted
for paternal concentration, urinary creatinine, research site, maternal age,
difference in couples' ages, annual income and maternal parity). The panel noted
that as no other studies have reported on this outcome and in the light of the fact
that none of the other studies found consistent associations with live birth rate,
fecundability or other fertility outcomes, a chance finding seems plausible.

Overall conclusions

18. On the basis of the above, the CEP Panel concluded that an association
between exposure to BPA measured in spot urine and reduced fertility is
considered Not Likely.

Cluster female fertility- Exposure during adulthood

19. A total of 11 studies examined the association between exposure to BPA
during adult life with fertility in females (Souter et al., 2013; Buck Louis et al.,
2014; Lathi et al., 2014, Bae et al., 2015; Minguez-Alarcon et al., 2015; Chavarro
et al., 2016; Jukic et al., 2016; Minguez-Alarcon et al., 2016; Chin et al., 2018;
Pollack et al., 2018; Wang B et al., 2018). These included associations between
BPA exposures during pregnancy with fecundability and miscarriage and offspring
sex ratio in the more general population (Buck Louis et al., 2014; Lathi et al.,
2014; Bae et al., 2015; Jukic et al., 2016; Chin et al., 2018; Wang B et al., 2018) or
associations with fertility outcomes in a more selective group of women seeking
fertility treatment (Souter et al., 2013; Minguez-Alarcon et al., 2015; Minguez-
Alarcon et al., 2016.



20. For the studies among the general population, associations with
fecundability were inconsistent, with three studies reporting no association (Buck
Louis et al., 2014; Jukic et al., 2016; Chin et al., 2018. One study (Wang B et al.,
2018) reported associations between maternal BPA exposure and decreased
fecundability (OR 95% CI: 0.87 (0.78, 0.98) for ~3-fold increase in exposure]. OR
< 1 reflects longer time to pregnancy. A study by Lathi et al. (2014) also reported
a significant positive association between BPA and aneuploid pregnancy and risk
of miscarriage (Association between BPA and aneuploid pregnancy risk ratio and
respective 95% CI for every quartiles of BPA exposure (1st quartile as reference)
1Q-2Q: RR =1.18 (95% CI: 0.57-2.45) 2Q to 3Q: RR = 1.63 (95% Cl: 0.86-3.09)
>3Q: RR = 1.97 (95% CI: 1.08-3.59) p < 0.05 Association between BPA and
miscarriages. Risk ratio and respective Cl for every quartiles of BPA exposure (3Q:
RR = 1.83 (95% CI: 1.14-2.96) p <0.05).

21. In a group of selected women seeking fertility treatment, Chavarro et al.
(2016) reported a significant decrease in live births among strata of women who
did not consume soy (n = 100), while no such association were observed among
majority of study participants that did consume soy (n = 247). As women who
seek treatment may change their dietary habits before treatment it is possible
that women who did not consume soy in a group of selected women may have
underlying different fertility compared with those who reported to consume soy.
The context of the study was that animal studies had shown that soy could
ameliorate the effects of BPA, so the aim was to establish if this was the case in
humans. Similarly, in a group of selected women Minguez-Alarcon et al., (2016)
reported decreased probability of implantation and clinical pregnancies with
higher BPA exposures.

Overall conclusions

22. Overall, the results from these studies conducted in both selected and
more unselected group of women are inconsistent and an association between
BPA exposure in adult life and reduced fertility was judged as ALAN.

Cluster Pubertal/endocrine - Exposure during pregnancy

23. Watkins et al. (2017a) examined the association between exposure to
BPA during pregnancy and pubertal development in 109 male offspring aged 8 to
14 years. In a separate publication based on the same cohort, associations with
pubertal development were also examined in 120-129 female offspring aged 8 to
13 years (Watkins et al., 2014 ; Watkins et al., 2017b). No associations with



markers of pubertal development were observed in either of the studies.

24. Similarly, no association between exposure to BPA in pregnancy and
markers of puberty was observed in 112 boys in a study by Ferguson KK et al.
(2014). However, a study by Berger et al. (2018) examining the relation between
maternal BPA exposure and pubertal development in 179 female and 159 male
offspring at age 9 to 13 years found associations with later and earlier pubertal
development in female and male offspring, respectively. Association between BPA
exposure and thelarche onset in females (mean change in months with 95% Cl).
All girls: 3.0 (95% Cl, 0.9-5.1); normal weight: 4.7 (95% Cl, 2.5-7.0); overweight:
1.6 (95% CI, —1.6-4.8), inverse association between maternal BPA concentrations
and pubarche onset in boys. Mean shift in months —3.1 (95% CI: —=5.1 to —1.0)
Inverse association between BPA exposure and gonadarche onset in boys. Mean
shift in months —4.1 (95% CI: —6.6 to —1.6).

25. Finally, three studies reported associations with anogenital distance
(Barrett et al., 2017; Arbuckle et al., 2018; Sun et al., 2018, an outcome that is
often used as a predictor for later reproductive disorders. Overall, despite a few
significant findings being observed the findings from these three studies were
inconsistent.

26. On the basis of these studies, the CEP Panel concluded that an
association between BPA exposure during pregnancy and pubertal development
is considered as ALAN.

Cluster Pubertal/endocrine - Exposure during childhood

27. A total of five prospective studies examined associations between
exposure to BPA measured in urine during childhood and pubertal development
(Lee et al., 2013; Wolff et al., 2015; Kasper-Sonnenberg et al., 2017; Wolff et al.,
2017; Binder et al., 2018. However, two of these studies were conducted in the
same study population but with different lengths of follow-up (Wolff et al., 2015;
Wolff et al., 2017). Overall, no association between childhood exposures to BPA
and pubertal development were observed in these studies.

28. On the basis of these studies, the CEP Panel concluded that an
association between BPA exposure during childhood and pubertal development is
considered Not Likely.

Overall conclusions



29.

On the basis of these studies, the CEP Panel concluded that an

association between BPA exposure and pubertal development is ALAN.

Cross sectional studies

30.

A number of cross-sectional studies were considered for each endpoint

as described above (p181-182 of the opinion). In general, these did not add to the
assessment and have not been considered further in this document. Some
findings of interest are:

e Leclerc et al., 2014 found no statistical significance between maternal

exposure and pre-eclampsia, analysing levels in maternal and fetal serum
and placenta. In placental tissue, concentrations of BPA were higher in
preeclamptic women compared with normotensive pregnant women (p-value
= 0.04).

15 cross-sectional studies considered BPA and male fertility, assessing a
number of different parameters. It was noted that although, the associations
were not entirely consistent in terms of directionality, findings from some
individual studies could be interpreted as being adverse for male
reproductive function. However this was not supported by other lines of
evidence - prospective studies and animal studies.

Similarly, a number of cross-sectional studies reported associations between
BPA concentrations and adverse effects in female fertility. It was noted that
the measured BPA concentrations reflected exposure during the previous
few hours and as such, in the absence of further evidence, are unlikely to
reflect past exposure that may have led to development of the underlying
disease condition. Differences in lifestyle factors that may affect exposure to
BPA or rate of uptake or excretion among cases may equally explain the
observed findings, particularly in the absence of similar findings from
prospective studies.
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Animal studies

31. As part of the HOC a Reproductive and Developmental Toxicity, a total
of 153 animal studies were reviewed by the CEP panel. Endpoints for which
statistically significant changes were reported were extracted from the available
literature and grouped into three clusters:

e Developmental toxicity.
e Female reproductive toxicity.
e Male reproductive toxicity.
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These clusters include endpoints that were identified as relevant in the 2015 EFSA
opinion and were considered in the uncertainty analysis. These endpoints were
endometrial hyperplasia, ovarian cysts and anogenital distance (AGD); the first
two of these were also identified as relevant in the newly compiled studies. As it
was previously identified as relevant, AGD was also included and considered
relevant in the new assessment.

32. The information extracted from these studies is summarised and
tabulated (Table G5) in Annex G to the opinion. The weight of evidence is
discussed in the main opinion and presented in a tabulated format in Annex H
(sheet H5). The clusters considered not likely or ALAN are outlined briefly below,
with the clusters considered likely are described in more detail.

Cluster - Developmental toxicity

33. Within the cluster developmental toxicity, there were nine studies in
mice; seven studies had exposure during development until weaning, two had
exposure during development until adulthood and one had exposure during the
growth phase. There were 13 studies on rats: 10 studies had exposure during
development until weaning, four had exposure during development until
adulthood and in one the exposure was to adults. Some studies assessed multiple
exposure periods.

34. The specific endpoints that were included in this cluster were
blastocyte outgrowth incidence, embryo development, age/day of first oestrus,
AGD, mammary gland histology, mammary gland weight, bone development and
body weight of F1/F2/F3 generation, as well as body weight of FO dams. (Note- the
assessment of body weight for each exposure period is described in detail in the
Metabolic effects category (Chapter 3.1.4.2).

Developmental exposure (pre-natal and/or post-natal until weaning)

AGD

35. One Tier 2 study (Sporndly-Nees et al., 2018) in rats was considered.
There was a not statistically significant increase in AGD at 12 months but not at
PND 35. In the absence of a dose -response and without other studies available
this endpoint was considered Not Likely.

Age at first oestrus



36. No effect was seen in a single Tier 1 study in mice (Tucker et al.,
2018) using doses of 500, 5000 and 50000 ug/kg bw per day, twice daily, from
GD10.5-17.5. The endpoint was judged Not Likely.

Bone development

37. Two Tier 1 studies in rats (Lejonklou et al., 2016; Lind et al., 2017 and
one Tier 1 study in mice were available (van Esterik, 2014). The studies in rats
showed inconsistent and no effects were observed in mice. The endpoint was
judged ALAN.

Mammary gland weight

38. One Tier 1 study in rats was identified (Montévil et al., 2020, with
mammary gland weight in female rats was determined at PND90. It was noted
that the study authors described a Non Monotonic Dose Response (NMDR).
However, when using more conventional statistical methods, e.g. modelling the
data in PROAST (Hill and Exponential models) or using spline and polynomial fit
(without overfitting the data) no dose response could be identified by the CEP
Panel. The CEP Panel considered that alternative interpretations of the data were
plausible, and the findings were likely explained by random fluctuations and
variability in the data. The endpoint was judged Not Likely.

Mammary gland histology

39. In males: Out of six rat and one mouse studies, three rat studies (all
Tier 1) (Kass et al., 2015; Mandrup et al., 2016; NTP Clarity Report,
2018/Camacho et al., 2019 assessed the mammary gland histology of male pups.
There were no neoplastic changes but changes in mammary gland growth were
observed in Kass et al. (2015) and Mandrup et al. (2016). The study by Mandrup
et al., (2016) showed a decrease in male and increase in female-like mammary
gland structures in male rat pups assessed at PND100 when doses of 5,000 and
50000 pg/kg bw per day were given from GD7 until birth. Assessment of the same
dose groups at PND22 did not show any changes. However, lower doses in this
study (25 and 250 upg/kg bw per day), which were also assessed at PND22,
showed an increase in mammary gland growth at 25 ug/kg bw per day. No effects
were reported on mammary glands in males in the NTP Clarity Report
(2018)/Camacho et al. (2019).

40. The CEP Panel judged the male mammary gland effects as ALAN.



41. In females: Non-neoplastic findings in female rat mammary gland were
observed in six Tier 1 studies (Kass et al., 2015; Grassi et al., 2016; NTP Clarity
Report, 2018/Camacho et al., 2019; Montévil et al., 2020; Tucker et al., 2018;
Mandrup et al., 2016 studies and one Tier 3 study (Leung et al., 2017). The
findings included delayed ductal growth, increased branching score and number
of terminal ducts (TDs) and terminal end buds (TEB+TDs) a decreased incidence
of ductal dilatation in F1 females at 1 year. Montévil et al 2020, who assessed
samples from the Clarity study, reported several effects at single doses in the
mammary glands of female F1 pups, these included increased gland density, a
number of structural difference and an increased average branch length at BPA
doses of 250 pg/kg bw per day. All effects with indications of a dose-response
relationship for which individual data were available (gland density, Dimension 3D
and angles of branches between beginning and end, thickness of epithelium,
variation of ductal thickness, aspect ratio) were statistically re-analysed by the
CEP Panel. This revealed that a formal dose-response could not be identified by
fitting flexible biologically based functions or polynomials that are commonly used
to describe biological systems except for ductal thickness and aspect ratio, for
which a potential non- monotonic dose-response was identified statistically.

42. Another Tier 1 study (Tucker et al., 2018) reported increased branching
density at low doses, increased length of TEBs, mammary gland development
score and number of TEBs at mid dose. All effects occurred only at PND20 and not
at later time points. These non-neoplastic were not consistent among studies with
different study designs. Pre-neoplastic findings in adult females were seen in one
Tier 1 study, Mandrup et al. (2016), showing an increase in intraductal
hyperplasia. One Tierl study (NTP Clarity Report, 2018/Camacho et al., 2019
revealed a neoplastic effect, an increase in adenoma and adenocarcinoma in the
lowest dose, assessed at terminal sacrifice after 2 years. However, four other Tier
1 studies with shorter timepoints showed no pre-neoplastic effects. One
neoplastic lesion was reported, i.e. stromal polyps, in the NTP Clarity Report,
2018/Camacho et al., 2019. For this endpoint, a decrease (no adverse effect) was
seen in this Tier 1 study at the highest dose after 2 years.

43. The CEP Panel concluded that, based on the inconsistent findings of non-
neoplastic effects as well as the unconfirmed neoplastic or pre-neoplastic effects,
that effects on the female mammary gland are ALAN.

44. Overall, the CEP Panel assigned a likelihood level of ALAN to the
developmental toxicity effects of BPA in the developmental exposure period
based on bone development, mammary gland histology and body weight.



Therefore, none of the endpoints were taken forward for BMD analysis. However,
the ALAN endpoints were considered in the uncertainty analysis (which is set out
in Appendix D to the main opinion).

Developmental and adult (pre-natal and post-natal in pups until
adulthood)

AGD

45. Only one single-dose study (Tier 3) by Patel et al., 2013 was available. It
was therefore judged that there is Inadequate evidence for this endpoint.

Embryo development

46. A single Tier 3 study was available (Dobrzynska et al., 2018). It was
therefore judged that there is Inadequate evidence for this endpoint.

Bone development:

47. Only one single-dose study (Tier 2) by Auger et al., 2013 is available. It
was therefore judged that there is Inadequate evidence for this endpoint.

Mammary gland histology

48. Two Tier 1 studies (Montévil et al., 2020; NTP Clarity Report
2018/Camacho et al., 2019) assessed the mammary glands of female rats. Non-
neoplastic effects were only observed at single doses without any dose-response,
apart for mammary gland scores, where the data were in line with the definition
by the CEP Panel of indications for a NMDR. For Montévil et al. (2020), the CEP
Panel re-evaluated the dose-response for gland density by fitting flexible
biologically based functions or polynomials that are commonly used to describe
biological systems and concluded that there was no dose-response relationship.

49. Among the non-neoplastic effects identified in this exposure group
several changes were only reported in one dose group in the female rats, this was
an increase in lobular alveolar budding (Montévil et al., 2020), changes in ductal
dilatation which was increased at 1 year but decreased at 2 years (the adversity
was noted to be unclear) and a decrease in lobular hyperplasia, (NTP Clarity
Report 2018/Camacho et al.2019) was also observed. The BPA-induced decreases
were different from the results following oestradiol treatment which resulted in
clear increases in duct dilatation and lobular hyperplasia as well in



adenocarcinomas. In the same study, an increase in alveolar dilatation was only
reported in males at the lowest dose after 2 years while the effect was not
significant in females in both studies. Therefore, no dose-response could be
established for non-neoplastic effects. For neoplastic effects, the NTP Clarity
Report (2018)/Camacho et al. (2019) reported an increase in atypical foci and
adenocarcinomas at a dose of 2.5 ug/kg bw per day. In addition, there were non-
significant increases in atypical foci in the 25 and 250 ug/kg bw per day dose
groups at 1 year. One neoplastic lesion, stromal polyps, was also reported. For
this endpoint, however, a significant dose trend towards increased incidence at
the higher doses at 1 year was observed, while a negative trend (no adverse
effect) was observed at 2 years in this Tier 1 study. The CEP Panel therefore
considered this result biologically implausible.

50. Based on the above results, histological effects on mammary gland
induced by BPA were judged as ALAN.

51. Overall, the CEP Panel assigned a likelihood level of ALAN to the
developmental toxicity effects of BPA in the developmental and adult exposure
period based on effects on body weight and mammary gland histology. Therefore,
none of the endpoints was taken forward for BMD analysis. However, the ALAN
endpoints were considered in the uncertainty analysis (see Appendix D to the
opinion).

Growth phase/young age

Age at first oestrus

52. In the Tier 1 study by Li et al., (2016) in mice, a decreased age at first
oestrus was observed at a BPA dose of 60 ug/kg bw per day, and an increased
age at first oestrus at a dose of 600 pg/kg bw per day following dosing three
times per day after 5 weeks of exposure starting at PND22.

53. The likelihood of changes in age at first oestrus was judged ALAN by
the CEP Panel.

54. The CEP Panel assigned a likelihood of ALAN to the cluster of
developmental toxicity of BPA in the growth phase/young age exposure period.
Therefore, none of the endpoints was taken forward for BMD analysis. However,
both body weight and age at first oestrus were considered in the uncertainty
analysis (see Appendix D).



Adult exposure (after puberty)
Blastocyst outgrowth and F1 embryo development:

55. It was judged that there was Inadequate Evidence for these endpoints
as they were both only assessed in a single dose Tier 1 Study (Martinez et al.,
2015).

56. The CEP Panel assigned a likelihood level of Not Likely to the
developmental toxicity effects of BPA in the adult exposure period based on body
weight. Therefore, none of the endpoints were taken forward for BMD analysis.

Indirect (germline) exposure
Bone development

57. As only one Tier 2 single-dose study (Auger et al., 2013 was available for
assessment, it was judged that there was inadequate Evidence for this endpoint.

58. The CEP Panel assigned a likelihood level of Not Likely to the
developmental toxicity effects of BPA in the indirect germline exposure period
based on body weight. Therefore, this endpoint was not taken forward for BMD
analysis.

Overall cluster selection for endpoints/studies for BMD for
developmental toxicity

59. Overall, the CEP Panel assigned a likelihood level of ALAN, to the
developmental toxicity effects of BPA in the exposure periods developmental,
developmental and adult and growth phase/young age, and of Not Likely in the
adult and indirect (germline) exposure. The overall likelihood across all exposure
periods, i.e. the highest likelihood given in the cluster developmental toxicity was
ALAN.

60. The CEP Panel considered that the evidence from the studies available
showed ALAN effects of BPA for the endpoints bone development, mammary
gland histology, body weight (developmental exposure), body weight and
mammary gland histology (developmental and adult exposure) as well as body
weight and age at first oestrus (growth phase/young age). These endpoints were
therefore not brought forward for BMD analysis.
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Female reproductive toxicity

61. In the cluster female reproductive toxicity, 17 studies were available
in mice, of these seven studies had exposure during development until weaning,
one had exposure during development until adulthood, one had exposure during
the growth phase, in seven studies the mice were exposed as adults and four had
indirect germline exposure: some of the studies tested multiple exposure periods.
Of the 16 studies on rats, 11 had exposure during development until weaning,
three had exposure during development until adulthood, and in four the rats were
exposed as adults. There was one study in hamsters which were exposed during
development until weaning. In addition, three studies were on sheep, two had
exposure during the period development until weaning and one as adults.

62. The specific endpoints that were included for effects of BPA on female
reproductive toxicity cluster were plasma/serum thyroid hormones, testosterone,
oestrus cyclicity, age at first oestrus, fertilisation rate and implantation
incidences, ovary weight and histology, uterus weight and histology.

Developmental exposure (pre-natal and/or post-natal until weaning)

Plasma/serum thyroid hormones

63. For this exposure period the following studies were identified.

e Triiodothyronine (T3): one Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019

e Thyroxine (T4): two Tier 1 rat studies (Bansal and Zoeller, 2019; NTP Clarity
Report, 2018/Camacho et al., 2019, one Tier 1 sheep study (Guignard et al.,
2017 and one Tier 3 mouse study (Bodin et al., 2014.

e T3/ totalT4: one Tier 1 sheep study (Guignard et al., 2017).

64. No effect was seen on T3 levels in the Tier 1 rat study (NTP Clarity
Report, 2018/Camacho et al., 2019. In this study, the NCTR Sprague Dawley rats
were dosed with 2.5, 25, 250, 2500 or 25000 ug/kg bw per day BPA by gavage; FO
dams from GD6 to PNDO and F1 pups from PND1 to PND21 at interim sacrifice (1
year).

65. No effect was seen on T4 levels in the Tier 1 rat study (NTP Clarity
Report, 2018/Camacho et al., 2019. Similarly, on PND15, no effect was observed
in the Tier 1 rat study by Bansal and Zoeller, 2019 in which female NCTR Sprague
Dawley rats were dosed from GD6-PND15 with 2.5, 25, 250, 2500 or 25000 ug/kg



bw BPA per day by gavage (this study is a sub project of the Clarity study). No
change in T4 was observed in fetuses (GD28-132/134) in the Tier 1 study in
Lacaune sheep (Guignard et al., 2017) after sub cutaneous dosing with 5, 50 or
5000 pg/kg bw BPA per day (using dose conversion factors of 125 and 37
respectively, the doses were equivalent to oral doses of 625, 6250 or 625000
Hg/kg bw per day and 185, 1850 or 185000 pg/kg bw per day).

66. No change was observed on the serum ratio T3/ total T4 (TT4) in the
study in sheep by Guignard et al., 2017.

67. During this exposure period the likelihood of changes in thyroid
hormones (T3, T4, rT3/TT4) were judged as Not Likely by the CEP Panel as no
effects were observed in Tier 1 or Tier 2 studies in rats or in a Tier 1 study in
sheep.

Plasma/serum testosterone:

68. Only three Tier 3 studies in rats (Castro et al., 2018; Leung et al.,
2017; Johnson et al., 2016) along with two Tier 3 studies in mice (Mahalingam et
al., 2017; Tucker et al., 2018) were identified for this endpoint. The CEP Panel
noted that as only Tier 3 studies were available, the likelihood for this endpoint
could not be determined because of Inadequate evidence.

Oestrus cyclicity

69. For this exposure period, four Tier 1 studies (Hass et al., 2016;
Ferguson SA et al., 2014; NTP Clarity Report, 2018/Camacho et al., 2019;
Franssen et al., 2016) and one Tier 2 study (Santamaria et al., 2016) in rats, one
Tier 1 study (Tucker et al., 2018) and one Tier 2 study (Acevedo et al., 2018) in
mice and one Tier 2 study (Veiga-Lopez et al., 2014) in sheep were identified. A
Tier 3 rat study (Leung et al., 2017 and a Tier 3 mouse study (Wang W et al.,
2014) were also identified.

70. No change in oestrus cyclicity was observed in the Tier 1 rat studies
which used a range of doses and administration methods. Similarly, no change
was observed in the Tier 1 mouse study. However, in a Tier 2 mouse study
(Acevedo et al., 2018) only, a decrease in oestrus cyclicity by 6 months at the
lowest dose was observed in F1 females.

71. In the Tier 2 study in sheep (Veiga-Lopez et al., 2014) a change in
oestrus cyclicity (decrease in follicular count trajectories) in all dose groups was



observed. Pregnant sheep were exposed to BPA from GD30-GD90 by
subcutaneous injection of 50, 500 or 5000 pg/kg bw per day. The time of
examination for oestrus cyclicity was not described but considered at least after 8
weeks (weaning) and when the F1 females weighed more than 40 kg.

72. Apart from the decreased oestrus cyclicity in only the lowest dose and
one timepoint in the Tier 2 mouse study (Acevedo et al., 2018 and a decrease in
oestrus cyclicity (decrease in follicular count trajectories) in the sheep study
(Veiga-Lopez et al., 2014, no change in oestrus cycle was observed in the other
five Tier 1 studies in rats and mice. Therefore, the CEP Panel considered that the
likelihood of a change in oestrus cyclicity is Not Likely.

Ovary weight

73. One Tier 1 study (NTP Clarity Report, 2018/Camacho et al., 2019) and
one Tier 2 study (Santamaria et al., 2016) in rats and one Tier 3 mouse study
(Patel et al., 2013 were identified for this exposure period.

74. In the Clarity study, a decrease in ovary weight was observed in the
high-dose group with a trend apparent in the other dose groups. Ovary weight
was decreased in the F1 females at 7 weeks of age. The NTP report states that
“mean absolute ovary weights, as well as ovary weights adjusted for brain and
body weights, were decreased relative to the vehicle control mean by 18%, 16%,
and 15%, respectively”.

75. In the Tier 2 rat study by Santamaria et al., (2016) 10-12 FO dams/group
of a Wistar derived strain and their female offspring were given 0.5 ug or 50
Hg/kg bw BPA per day (via drinking water) from GD9-PND21. An approximately
equal decrease was observed in ovary weight in the F1 animals of both BPA-
treated groups at PND90. The numbers are not given in the paper but from the
figure, mean ovary weight appears to be around 50 mg in the controls and 40 mg
in the treated groups, with no clear trend but a greater spread of data in the
higher dose.

76. The CEP Panel considered the likelihood of the decrease of ovary weight
as Likely as there was a trend in the Tier 1 study (supported by one Tier 2 study
with effects at lower doses without dose-response (Santamaria et al., 2016).

Ovary histology (follicle count, cellular hypertrophy, follicular cysts):



77. For this exposure period one Tier 1 study (NTP Clarity Report,
2018/Camacho et al., 2019, one Tier 2 study (Santamaria et al., 2016 and one
Tier 3 study (Patel et al., 2017 in rats and three Tier 3 studies in mice
(Mahalingam et al., 2017; Wang W et al., 2014; Berger et al., 2016) were
identified.

78. In the Tier 1 Clarity study, no change was observed in cell hypertrophy.
The incidence in follicular cysts was increased in the highest dose group and in all
dose groups there was an increased trend in the incidence of follicular cysts. In
the Tier 2 (Santamaria et al., 2016) in rats, a decrease in the number of growing
follicles was observed in the BPA-treated groups on PND90; the decrease was
comparable in both groups.

79. The CEP Panel considered that for the exposure period developmental
exposure (pre-natal and/or post-natal until weaning) the likelihood of histological
changes in the ovary as Likely.

Uterus weight:

80. For this exposure period one Tier 1 study (NTP Clarity Report,
2018/Camacho et al., 2019) in rats, one Tier 1 study in hamsters (Radko et al.,
2015) and one Tier 3 study in mice (Patel et al., 2013) were identified.

81. In the Tier 1 rat Clarity study, no change in uterus weight was observed.
In the Tier 1 hamster study uterus weight (wet and dry) on PND21 was
statistically significantly increased at the top dose of 160000 ug/kg bw BPA per
day only.

82. The effect on uterus weight was considered as ALAN as no effect was
observed in the Tier 1 study in rats and an increase in weaning hamsters
(uterotropic assay) was only seen at the highest dose (160,000 ug/kg bw per
day).

Uterus histology

83. This endpoint included observations of cystic endometrial hyperplasia,
uterine dilation, squamous metaplasia, apoptosis in the luminal epithelial cells of
the endometrium, endometrial hyperplasia, luminal epithelial anomalies and
glands with cellular anomalies): Two Tier 1 studies in rats (NTP Clarity Report,
2018/Camacho et al., 2019; Vigezzi et al., 2015) were identified for this exposure
period.



84. In the Tier 1 Clarity study, a statistically significant increase was
observed in cystic endometrial hyperplasia at the interim sacrifice (1 year) in the
highest dose group and at terminal sacrifice (2 years) in the two highest dose
groups (2500 and 25,000 ug/kg bw BPA per day group). At the interim sacrifice,
uterine dilation and squamous metaplasia were increased in the 250 ug/kg bw per
day and in the 25,000 pg/kg bw per day dose groups, respectively. There was a
non-significant increase observed in the incidence of apoptosis in the luminal
epithelial cells in the endometrium in the high-dose group. No change was
observed in endometrial hyperplasia in any of the dose groups in this study.

85. In the other Tier 1 study in Wistar rats (Vigezzi et al., 2015) the dams
were given 0.5 or 50 pg/kg bw BPA per day in drinking water from GD9-PND21.
The F1 females were necropsied on PND90 and 360. No changes in squamous
metaplasia and luminal epithelial anomalies were observed. At necropsy on
PND360, an increase in glands with cellular anomalies was observed in the 50
Hg/kg bw per day; on PND90 but no effects were seen in the 50 ug/kg bw per day
group or at both times of necropsy in the lower dose group.

86. The CEP Panel considered the endpoint uterus histology based on
effects seen at histological examination of the uterus in two rat Tier 1 studies as
Likely.

87. During developmental exposure (pre-natal and/or post-natal until
weaning), the CEP Panel assigned a likelihood level of Likely to the cluster female
reproductive toxicity of BPA. Since the likelihood level is Likely for the endpoint
ovary weight in Tier 1 rat study (NTP Clarity Report, 2018/Camacho et al., 2019,
for the endpoint ovary histology (follicle count and follicle cysts) in one rat study
(NTP Clarity Report, 2018/Camacho et al., 2019 (Tierl)) and the endpoint uterus
histology in two Tier 1 rat studies (NTP Clarity Report, 2018/Camacho et al., 2019;
Vigezzi et al., 2015), these were taken forward for BMD analysis and uncertainty
analysis.

Developmental and adult exposure (pre-natal and post-natal in pups
until adulthood)

Plasma/serum thyroid hormones

88. For this exposure period only one Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019) was identified. No effect was seen on T3 or T4 in this
study. Based on this study, the CEP Panel considered an effect on thyroid
hormones (T3, T4) as Not Likely.



Oestrus cyclicity

89. For this exposure period only one Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019 was identified. No effect was seen on oestrus cyclicity.
Based on this study, the CEP Panel judged an effect on oestrus cyclicity as Not
Likely.

Ovary weight

90. For this exposure period, the one Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019 and one Tier 3 mouse study (Patel et al., 2013 ) were
identified. No effect was seen on ovary weight and based on this Tier 1 rat study,
the CEP Panel judged an effect on ovary weight as Not Likely.

Ovary histology (interstitial cell hypertrophy and follicle cysts):

91. For this exposure period one Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019 was identified. In this, a statistically significant
increase was observed in interstitial cell hypertrophy in the 2,500 and 25,000
Hg/kg bw per day dose groups at the interim (1 year) sacrifice. In the same study,
no change in follicular cysts was observed. The CEP Panel judged the effect on
interstitial cell hypertrophy as Likely.

Uterus weight

92. For this exposure period two Tier 1 rat studies (NTP Clarity Report,
2018/Camacho et al., 2019; Leung et al., 2020 and one Tier 3 mouse study (Patel
et al., 2013) were identified. No effect was seen on uterus weight in either of the
Tier 1 studies. Based on this, the CEP Panel judged an effect on uterus weight as
Not Likely.

Uterus histology

93. This endpoint included observations of squamous metaplasia, apoptosis,
uterine dilation, endometrial hyperplasia and squamous metaplasia).

94. For this exposure period two Tier 1 rat studies (Leung et al., 2020; NTP
Clarity Report, 2018/Camacho et al., 2019 were identified. In the Tier 1 rat study
(Leung et al., 2020 - note this study is one of the grantee studies related to
Clarity) no effects were observed on squamous metaplasia and apoptosis; the
protocol was the same as for the Clarity study. However, in the Clarity study the



following statistically significant effects were observed at interim sacrifice (1
year): increased uterine dilation (250 pg/kg bw per day), increased endometrial
hyperplasia (2.5 or 250 ug/kg bw per day), apoptosis and squamous metaplasia
(25,000 pg/kg bw per day) and a decreased cystic endometrial hyperplasia (2.5
Hg/kg bw per day). No other statistically significant effects were observed at
interim or terminal sacrifice in this study.

95. During the exposure period developmental until adult, no effect was
seen on squamous metaplasia and apoptosis in one of the Tier 1 rat studies
(Leung et al., 2020, but in the other in which the exposure time and dose range
(2.5, 25, 250, 2500 and 25000 ug/kg bw per day) was the same, an effect was
only observed at the highest dose tested. The other histological effects were only
seen at low concentrations (uterine dilation at 250 pg/kg bw per day and cystic
endometrial hyperplasia (2.5 pg/kg bw per day)). Therefore, the CEP Panel
considered the likelihood for this endpoint to be ALAN.

Number of implantation sites

96. In the Tier 1 rat study (Boudalia et al., 2014) the dams were exposed
from GD1 to last day of lactation (LD21) by micropipette with 5 ug/kg bw BPA.
The examination of the dams at LD/PND21 revealed no change in the number of
implantation sites. As this study is a single-dose study, the CEP Panel considered
the available study data to be Inadequate evidence for any further conclusions.

97. During developmental and adult exposure (pre-natal and/or post-natal in
pups until adulthood), the CEP Panel assigned a likelihood level of Likely to the
cluster female reproductive toxicity of BPA. As the likelihood level is Likely for the
endpoint ovary histology (interstitial cell hypertrophy in the Tier 1 study (NTP
Clarity Report, 2018/Camacho et al., 2019; this study was taken forward for BMD
analysis; the Likely and ALAN endpoints were considered for uncertainty analysis.

Growth phase/young age exposure

Oestrus cyclicity

98. For this exposure period one Tier 1 mouse study in which oestrus
cyclicity was studied, was identified (Li et al., 2016). Mice were dosed from PND22
for 5 weeks (3 times per day) orally (via micropipette) with 0, 60 and 600 ug/kg
bw per day BPA. In the high-dose group, the oestrous cyclicity was decreased (the
females spent less time in pro-estrus and oestrus and more time in met and
diestrus).



99. The CEP Panel judged this endpoint as ALAN.

Implantation rate

100. The implantation incidence was decreased in a dose-dependent
manner in a Tier 1 mouse study (Li et al., 2016), in which mice were fed split
doses of BPA from PND22 for 5 weeks (0, 60 and 600 pg/kg bw per day).

101. The CEP Panel judged this endpoint as Likely.

102. During the growth phase/young age, the CEP Panel assigned a
likelihood level of Likely to the cluster of female reproductive toxicity based on
one Tier 1 mouse study (Li et al., 2016) in which the implantation incidence was
decreased in a dose-dependent manner. This study was taken forward for BMD
analysis and the Likely and ALAN endpoints were considered for uncertainty
analysis.

Adult exposure (after puberty)

Plasma/serum thyroid hormones

103. For this exposure period one Tier 1 sheep study (Guignard et al., 2017)
and one Tier 2 rat study (Zhang J et al., 2017) were identified. The female sheep
in the Tier 1 study were injected s.c. with 5, 50 or 5000 ug/kg bw per day
(equivalent to oral doses of 185/625; 1850/6250; 185000/625000 ug/kg bw per
day depending on the conversion factor of 37 or 125 used). In this study, no
effect was observed on total thyroxine (T4). A decrease was observed in total T3
at 50 pg/kg bw per day and in free T4 at 50 or 5000 pg/kg bw per day. An
increase in reverse T3/T4 was observed at a s.c. dose of at 50 ug/kg bw per day
(equivalent to oral dose of 1850/6250 ug/kg bw per day).

104. In the Tier 2 rat study (Zhang J et al., 2017) the female rats were dosed
with 250 and 1000 ug/kg bw per day from 6 weeks of age for 64 weeks. In this
study, a statistically significant increase was seen on free T4 at 1000 pg/kg bw
per day and no changes in free thyroid triiodothyronine (T3).

105. The effects on T3 were judged as Not Likely as, at approximately the
same dose, no effects were measured in rats (Zhang J et al., 2017), but an effect
without dose relationship was seen in sheep; This was considered to be a
variation.



106. The effects on T4 were judged as Not Likely as no dose-response was
seen in sheep (Guignard et al., 2017) for FT4 and an effect in opposite direction
(increase) was observed in rats (Zhang ] et al., 2017) at a similar dose was
observed.

107. In the sheep study (Guignard et al., 2017), the increase on reverse
T3/T4 was only seen at 50 ug/kg bw per day, the mid dose. Therefore, this effect
was judged as Not Likely.

108. During this exposure period the likelihood of changes in thyroid
hormones (T3, T4, FT4 rT3/TT4) was considered as Not Likely by the CEP Panel as
no consistent effects were observed in a Tier 2 study in rats and in a Tier 1 study
in sheep.

Plasma/serum testosterone:

1009. For this exposure period one Tier 3 rat study (Rashid et al., 2018) and
two Tier 3 mouse studies (Hu et al., 2018; Xu XH et al., 2015) were identified.
Therefore, the data were deemed Inadequate to judge the likelihood of an effect
of BPA on testosterone levels. (Note; Hu et al., 2018 is listed as being Tier 2 in
Annex F to the opinion which lists the animal studies used and their tiers).

Fertilisation rate:

110. One Tier 1 mouse study (Moore-Ambriz et al., 2015) in which the
fertilisation rate was determined was identified for this exposure period. In adult
female mice exposed from the day of the first oestrus until the completion of
three oestrous cycles orally (via pipette) at a dose of 50 ug/kg bw per day, a
decreased fertilisation rate was observed. However, as only one single-dose Tier 1
mouse study was available data were Inadequate to judge the likelihood of an
effect on fertilisation rate.

Implantation rate:

111. Only one single-dose Tier 1 study (Boudalia et al., 2014) in rats and
two Tier 3 studies in mice (Yuan et al., 2018; Dobrzynska et al., 2018) are
available for this endpoint, the panel concluded that there was Inadequate
evidence to conclude on a likelihood of an effect.

Oestrus cyclicity:



112. For this exposure period one Tier 1 study (Moore-Ambriz et al., 2015
and one Tier 3 study (Cao et al., 2018) in mice and one Tier 2 rat study (Zaid et
al., 2014) were identified.

113. No effect on oestrous cyclicity was observed in the Tier 1 study in adult
female mice, exposed orally (via pipette) from the day of the first oestrus until the
completion of three oestrous cycles at a dose of 50 ug/kg bw per day (Moore-
Ambriz et al., 2015). In the Tier 2 rat study (Zaid et al., 2014) the number of
females which were in persistent diestrous was increased after daily dosing of
10000 pg/kg bw per day (single-dose level) from PND28 for 6 weeks.

114. No effect was seen in the lower dose (50 ug/kg bw per day) Tier 1
mouse study, but an effect at higher dose level, 10000 pg/kg bw per day was
observed in the Tier 2 rat study; both studies were single-dose studies. The effect
on oestrous cyclicity was judged ALAN.

Ovary weight

115. One Tier 2 rat study (Zaid et al., 2014) was identified for this exposure
period. No change in absolute ovary weight was observed after daily dosing of
female rats from PND28 for 6 weeks with 10000 ug/kg bw per day. Therefore,
data were Inadequate to judge the likelihood of an effect on ovary weight.

Ovary histology

116. For this endpoint, observations were follicle count, premature
activation of primordial follicles, large antral-like and atretic cystic-like follicles):
For this exposure period one Tier 1 study (Moore-Ambriz et al., 2015) and one Tier
2 study (Hu et al., 2018) in mice and one Tier 2 rat study (Zaid et al., 2014) were
identified.

117. No effect on follicle count was observed in adult female mice (Tier 1
study Moore-Ambriz et al., 2015 exposed orally (via pipette) from the day of the
first oestrus until the completion of three oestrous cycles at a dose of 50 ug/kg bw
per day. In the Tier 2 mouse study (Hu et al., 2018) a dose-related decrease was
observed in the number of primordial follicles and the premature activation of
primordial follicles in all dose groups; in this study adult (6 week old) female CD-1
mice were dosed orally for 28 days with 1 ug, 10 ug, 100 pg, 1000 pg and 10000
Hg/kg bw per day (oral -route not stated). In the Tier 2 rat study (Zaid et al., 2014)
female rats were dosed orally from PND28 for 6 weeks with 10000 ug/kg bw per
day (the only dose tested). In this study, the numbers of atretic follicles, atretic



cystic-like and large antral-like follicles were increased in the BPA-treated group
when compared with the controls.

118. The effects on ovary histology were judged as Likely. As the Tier 2 rat
study (Zaid et al., 2014) is a single-dose study, only the Tier 2 mouse study (Hu et
al., 2018 was taken forward for BMD analysis

Uterus histology

1109. This endpoint included observations of gland nests density, gland
nests.
120. For this exposure period a Tier 1 study in CD1 mice (Kendziorski and

Belcher, 2015) and a Tier 3 study in C57BI/6] mice (Kendziorski and Belcher, 2015
were identified. In the Tier 1 study, CD-1 mice were exposed for 12- 15 weeks via
the diet to BPA doses equivalent to 4, 40, 400, 4000 and 40000 pg/kg bw per day.
Gland nests density and the number of gland nests were increased in the high-
dose group. The design of the Tier 3 study in C57BI/6) mice was identical. In this
study, no effect on the number of gland nests was observed but the gland nests
density was increased in the 4, 4000 and 40000 ug/kg bw per day group. The
reference related to strain differences and it is unclear why the study has a
different tiering for each strain.

121. The likelihood of effects on uterus histology was considered as ALAN as
gland nest number and density showed inconsistent effects; in the Tier 1 study in
CD-1 mice an increase in gland nest number and density was observed only at
the high dose, in the Tier 3 study with a low number of C57BI/6) mice, varying
effects were seen.

122. The CEP Panel assigned a likelihood level of Likely to the female
reproductive toxicity cluster in the exposure period adulthood. The likelihood for
the endpoint ovary histology is Likely. In a Tier 2 mouse study (Hu et al., 2018), a
dose-related decrease in the number of primordial follicles and the premature
activation of primordial follicles was observed. This study was taken forward for
BMD analysis. In addition, an increase in follicle abnormalities was reported in a
single dose rat Tier 2 study (Zaid et al., 2014). As this study tested only one dose,
it was not taken forward for BMD analysis. The Likely and ALAN endpoints were
also considered for uncertainty analysis.

Indirect (germline) exposure



123. For this exposure period five studies were assessed: three Tier 3
mouse studies (Ziv-Gal et al., 2015; Berger et al., 2016; Mahalingam et al., 2017),
in which the F2 and F3 generation were studied and two Tier 3 mouse studies
(Dobrzynska et al., 2015; Mahalingam et al., 2017) in which the F2 generation
were studied. In the study by Ziv- Gal et al. (2015) the age at first oestrus, in the
study by Dobrzynska et al. (2015) the embryo implantation incidence and in the
study by Berger et al. (2016) and Mahalingam et al. (2017) the follicle count
(ovary histology) were reported.

124. The CEP Panel noted that since for indirect (germline) exposure only
Tier 3 studies were available, the likelihood for this endpoint could not be
determined due to Inadequate evidence.

Overall cluster selection for endpoints/studies for BMD for female
reproductive toxicity

125. Overall, the CEP Panel assigned a likelihood level of Likely, to the
female reproductive toxicity cluster in the exposure periods developmental (pre-
natal and/or post-natal until weaning), developmental and adult (pre-natal and/or
post-natal until adulthood) and growth phase/young age, and of Inadequate
Evidence in the adult and indirect (germline) exposure periods.

126. The overall likelihood across all exposure periods, i.e. the highest
likelihood given in the cluster female reproductive toxicity was Likely.

127. The CEP Panel considered that the evidence from the studies available
showed a:

e Likely effect for ovary weight (NTP Clarity Report, 2018/Camacho et al.,
2019, for uterus histology (NTP Clarity Report, 2018/Camacho et al., 2019
and Vigezzi et al., 2015)

o Likely effect for ovary histology (NTP Clarity Report, 2018/Camacho et al.,
2019) during the developmental exposure period,

e Likely effect for ovary histology (NTP Clarity Report, 2018/Camacho et al.,
2019) during developmental and adult exposure and

o Likely effect for ovary histology (Hu et al., 2018) during adult exposure

e Likely effect for decreased implantation incidence during the growth phase
(Li et al., 2016).

Therefore, these endpoints were taken forward for BMD analysis.
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Male reproductive toxicity

128. Within the cluster male reproductive toxicity, there were 15 studies
in mice, of which six studies included exposure during the period development
until weaning, two had exposure during development until adulthood, seven were
exposed as adults and two had germline exposure; some studies tested multiple
exposure periods). Of the 26 studies on rats, 14 included exposure during
development until weaning, four had exposure during development until
adulthood, five had exposure during the growth phase, five were exposed as
adults. In addition, one study was on sheep, which had exposure during the
development until weaning period and one study in monkeys which had exposure
during adulthood.

129. The specific endpoints that were included for effects of BPA on the
male reproductive toxicity cluster were plasma/serum thyroid hormones,
testosterone, epididymis weight and histology, prostate histology, seminal vesicle
weight, sperm count/morphology/motility/viability, testis weight and histology.

Developmental exposure (pre-natal and/or post-natal until weaning)

Plasma/serum thyroid hormones:

130. For this exposure period the following studies were identified.

e T3: one Tier 1 rat study (NTP Clarity Report, 2018/Camacho et al., 2019

e T4: two Tier 1 rat studies (NTP Clarity Report, 2018/Camacho et al., 2019;
Bansal and Zoeller, 2019 and one Tier 1 sheep study (Guignard et al., 2017

e T3/TT4: one Tier 1 sheep study (Guignard et al., 2017).

131. No effect was seen on T3 in the Tier 1 rat study.

132. Apart from a decrease at the highest dose level in the Clarity study,
no effects was seen on T4 in either Tier 1 rat study or in the sheep study
(Guignard et al., 2017. In addition, in the latter study, no change was seen in the
ratio T3/T4.

133. During this developmental exposure (pre-natal and/or post-natal until
weaning) period changes in thyroid hormones (T3, T4, rT3/TT4) were judged as
Not Likely by the CEP Panel.



Plasma/serum testosterone

134. for this endpoint four Tier 3 studies in rats (Quan et al., 2017; Wang
C et al., 2014; Castro et al., 2018; Johnson et al., 2016 - the latter study is related
to the Clarity study) and one Tier 3 mouse study (Shi et al., 2018 were identified.
Therefore, data were considered Inadequate to judge the likelihood of an effect of
BPA on testosterone levels.

Epididymis weight:

135. For this endpoint one Tier 1 (NTP Clarity Report, 2018/Camacho et
al., 2019, one Tier 2 study (Sporndly-Nees et al., 2018, one Tier 3 rat study
(Tarapore et al., 2017) and one Tier 2 mouse study (Meng Y et al., 2018) were
identified.

136. No effect was seen on epididymis weight in any of the studies, and
the likelihood for this endpoint was considered Not Likely.

Epididymis histology

137. This endpoint included non-neoplastic, inflammatory changes,
inflammation). For this endpoint one Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019 and one Tier 2 rat study (Sporndly-Nees et al., 2018
were identified.

138. No effect was seen on epididymis histology in the Tier 1 rat Clarity
study (NTP Clarity Report, 2018/Camacho et al., 2019. An increase in
inflammatory changes was seen at the top dose (40 ug/kg) bw per day in the
other Tier 2 rat study (Sporndly-Nees et al., 2018): in this study animals were
exposed via the drinking water to doses of 4 or 40 ug/kg per day from
GD3.5-PND22 and necropsied at PND35 or 12 months.

139. As no effects were seen for the endpoint in one Tier 1 study (NTP
Clarity Report, 2018/Camacho et al., 2019 and an effect only at the highest dose
in a Tier 2 rat study, the likelihood assigned to this endpoint was Not Likely.

Prostate histology

140. For this endpoint four Tier 1 (NTP Clarity Report, 2018/Camacho et al.,
2019; Bernardo et al., 2015; Prins et al., 2018; Brandt et al., 2014, one Tier 2
(Hass et al., 2016 and one Tier 3 (Prins et al., 2017) studies in rats were
identified. In these studies, several histological effects were examined.



141. No effect was seen on prostate histology (non-neoplastic proliferative
lesions, hyperplasia of the ventral prostate, epithelium hyperplasia and
inflammatory changes, inflammation, dorsal/lateral prostate histology,
suppurative inflammation) in the Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019.

142. At histological examination, an increase (same effect size) in the
incidence of inflammatory changes, pre-neoplastic lesions (atypical hyperplasia),
non-neoplastic proliferative lesions (reactive hyperplasia), in the prostate was
seen at both doses tested in a Tier 1 rat study (Bernardo et al., 2015). In this
study animals were given 25 or 250 ug/kg bw BPA per day from GD10-21 and
were necropsied at PND180.

143. No effect was seen on prostate histology (non-neoplastic proliferative
lesions, hyperplasia of the ventral prostate and inflammatory changes,
inflammation, dorsal/lateral prostate histology, suppurative inflammation) in the
Tier 1 rat study (Prins et al., 2018). This study is a component of the Clarity study.
In a Tier 1 study by Brandt et al., (2014) rats were administered 25 and 250 ug/kg
bw per day from GD10-21. F1 pups/adults were sacrificed on PND21/180. At
histological examination on PND21 an increase in proliferation and
hyperplasia/dysplasia of the prostate was observed in the lowest dose and of
apoptosis in the highest dose. At both doses an increase (effect the same size) of
multifocal inflammation in the ventral prostate on PND180 was observed.

144. In the Tier 2 rat study (Hass et al., 2016), no change in prostate
histology (interstitial inflammation, proliferation or epithelial atypical hyperplasia)
was observed when examined in F1 males at 3 or 8 months; FO dams were
treated at oral doses of 25, 250, 5000 or 50000 pg/kg bw per day GD7-PND22.

145. In the two Tier 1 rat studies (Bernardo et al., 2015; Brandt et al., 2014
from the same laboratory), inflammatory effects and reactive hyperplasia in the
prostate were reported at doses of 25 and 250 pg/kg bw per day GD10-GD21.
This effect was not confirmed in the two other Tier 1 rat studies or in the Tier 2
rat study (Hass et al., 2016). The likelihood for this endpoint was considered to be
ALAN.

Seminal vesicle weight

146. For this endpoint one Tier 1 (NTP Clarity Report, 2018/Camacho et al.,
2019 and one Tier 2 study (Sporndly-Nees et al., 2018 in rats and one Tier 3
mouse study (Patel et al., 2013) were identified.



147. No effect was seen in either of the Tier 1 or Tier 2 studies. Therefore,
the likelihood assigned to this endpoint is Not Likely.

Sperm count

148. For this endpoint one Tier 1 (NTP Clarity Report, 2018/Camacho et al.,
2019) and one Tier 3 study (Hass et al., 2016 in rats and two Tier 3 studies in
mice (Rahman et al., 2017; Shi et al., 2018) were identified.

149. No effect was seen on epidydimal sperm count and count of testicular
sperm heads in the Tier 1 rat studies. The likelihood assigned to this endpoint is
Not Likely.

Sperm morphology

150. For this endpoint one Tier 1 study (NTP Clarity Report, 2018/Camacho
et al., 2019 and one Tier 2 study (Sporndly-Nees et al., 2018 in rats and one Tier
3 mouse study (Kalb et al., 2016 were identified. No effects on sperm
morphology were observed and the likelihood assigned to the endpoint was Not
Likely.

Sperm motility

151. For this endpoint, one Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019) and three Tier 3 studies in mice (Shi et al., 2018; Kalb
et al., 2016; Rahman et al., 2017) were identified.

152. No effects were observed in the Tier 1 rat study so the likelihood
assigned to this endpoint is Not Likely.

Sperm viability

153. For this endpoint one Tier 3 mouse study (Rahman et al., 2017) was
identified. Therefore, the data were Inadequate to judge the likelihood of an effect
of BPA on sperm viability.

Testis weight

154, For this endpoint two Tier 1 studies (NTP Clarity Report, 2018/Camacho
et al., 2019; Cao et al., 2015), and one Tier 3 study (Tarapore et al., 2017 in rats
and two Tier 2 studies (Meng Y et al., 2018; Shi et al., 2018) and one Tier 3 study
(Patel et al., 2013) in mice were identified. No effect was reported on testis



weight in the Tier 1 rat study Clarity study.

155. However, in a single-dose Tier 1 rat study (Cao et al., 2015), an
increase in testis weight was observed on PND 120. In this study the FO females
were administered BPA via drinking water (2 mg BPA/L; equivalent to 100 pg/kg
bw per day) and co-treated with soy in the diet from GD1-PND21. No change was
observed in the BPA-treated group with a soy-free diet. As noted elsewhere, soy is
thought to ameliorate the effects of BPA.

156. No effect was seen on testis weight in a Tier 2 mouse study (Meng Y et
al., 2018). In this study animals were exposed via drinking water to doses
equivalent to 18 or 180 ng/kg per day from GD6-PND21 and necropsied at
PND50.

157. No effect was seen on testis weight in the other Tier 2 mouse study
(Shi et al., 2018). In this study, animals were exposed via the drinking water to
doses equivalent to 0.5, 20 or 50 ug/kg bw per day from GD11 to birth and
necropsied at PND60.

158. As no effect was observed in either the Tier 1 rat study or the two Tier
2 mouse studies, the likelihood was considered to be Not Likely for this endpoint.

Testis histology

159. For this endpoint, one Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019, two rat Tier 2 studies (Quan et al., 2017; Sporndly-
Nees et al., 2018), two Tier 2 mouse studies (Shi et al., 2018; Xie et al., 2016) and
one Tier 3 mouse study (Rahman et al., 2017) were identified.

160. At histological examination, an increased incidence of testis (and
pancreas) polyarteritis was seen in the Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019) at a dose of 2500 ug/kg bw per day.

161. In the Tier 2 rat study (Quan et al., 2017) an increase was seen in
seminiferous tubular changes in the testis, cell-specific and/or stage-specific:
degeneration, germ cell, at all dose levels at PND50 in F1 Sprague Dawley rats;
this was not dose related. In this study, the FO animals were dosed with 1000;
10000 or 100000 pg/kg bw BPA by gavage from GD14-21.

162. At histological examination, following 12 months exposure, an increase
was seen in inflammatory changes in the testis of the low-dose group (4 ug/kg per
day from GD3.5-PND22) in a Tier 2 rat study (Sporndly-Nees et al., 2018). No



such effects were seen at the other dose tested (40 pg/kg per day) or other
histological effects in the testis (seminiferous tubular changes, non-specific
seminiferous epithelial height and seminiferous tubule diameter) at either dose
level.

163. At histological examination of the testis in a Tier 2 mouse study (Shi et
al., 2018), a decrease in seminiferous tubular changes, cell and/or stage-specific,
in stage VIl seminiferous epithelial cells and an increase in stage VIl seminiferous
epithelial cells was seen in the mid-dose group (20 pg/kg bw per day) at PND60.
On PND12, an increase without dose-response was seen in testicular apoptosis in
the mid and high-dose groups. In this study CD- 1 mice were dosed with 0.5, 20 or
50 ug/kg bw per day from GD11 to birth by micropipette.

164. In another Tier 2 mouse study (Xie et al., 2016) a dose-related increase
was observed at histological examination of the testis (degeneration, germ cell).
In this study male mice were s.c. injected with10, 100 or 5000 ug/kg bw per day
BPA (equivalent to oral doses of 2222; 22220 or 1111000 ug/kg bw per day).

165. The Tier 1 rat study (NTP Clarity Report, 2018/Camacho et al., 2019
reported an increased incidence of polyarteritis at 2500 ug/kg bw per day only
(dose range from 2.5- 25000 ug/kg bw per day). The Tier 2 rat studies showed
effects on inflammatory changes at only one dose (4 ug/kg bw per day)
(Sporndly-Nees et al., 2018), or effects (apoptosis) without a dose response at
doses of 1000-100000 pg/kg bw per day (Quan et al., 2017). In the Tier 2 mouse
study (Shi et al., 2018) only the mid dose group (20 pg/kg bw per day) showed
effects on the testis (decrease in stage VII and decrease in stage VIl seminiferous
epithelial cells) and apoptosis in the mid and high dose, 20 or 50 ug/kg bw per
day, with no dose-response. In another Tier 2 mouse study (Xie et al., 2016) with
s.c. administration dose-related testicular findings (germ cell (apoptosis)) were
observed at doses equivalent to oral doses of 2220; 22220 or 1111000 ug/kg bw
per day.

166. The likelihood of the histological changes in the testis were considered

to be ALAN: During developmental exposure (pre-natal and/or post-natal until

weaning), the CEP Panel assigned a likelihood level of ALAN to the cluster male

reproductive toxicity of BPA. Hence, none of these endpoints were taken forward

for BMD analysis. However, the Likely and ALAN endpoints were considered in the
uncertainty analysis.

Developmental and adult exposure (pre-natal and post-natal in pups
until adulthood)



Plasma/serum thyroid hormones

167. For this exposure period only one Tier 1 rat study was identified (NTP
Clarity Report, 2018/Camacho et al., 2019. In this study T3 and T4 were
measured. No effect was seen on T3 but according to the authors, T4 levels in
the serum showed a significant trend, however the panel noted that the nature of
the trend was not evident from their inspection of the data. The likelihood of an
effect on T4 was therefore considered as Not Likely.

168. During this exposure period the likelihood of changes in thyroid
hormones (T3, T4) were considered as Not Likely by the CEP Panel.

Testosterone

169. For this endpoint one Tier 3 rat study (Gonzalez-Cadavid, 2018 - part
of the Clarity study) was identified. Therefore, data were Inadequate to judge the
likelihood of an effect of BPA on serum testosterone.

Epididymis weight

170. For this exposure period, two Tier 1 rat studies (Dere et al., 2018 NTP
Clarity Report, 2018/Camacho et al., 2019) were identified.

171. No change in epididymis weight was seen in the Tier 1 rat study (NTP
Clarity Report, 2018/Camacho 9251 et al., 2019). In the other Tier 1 rat study
(Dere et al., 2018; this study is part of the Clarity consortium), rats were dosed
with 2.5, 25, 250, 2500 or 25000 pg/kg bw per day; FO dams from GD6 to PNDO
and F1 pups from PND1 to PND90. In this study an extra satellite control and
250,000 pg/kg bw per day dose group was added. A decrease in epididymis
weight was only seen in the 250000 pg/kg bw per day group when compared with
the extra (satellite) control group. This satellite control group showed a higher
epididymis weight than the other control group.

172. The likelihood of an effect on epididymis weight was considered as Not
Likely.

Epididymis histology

173. For this exposure period the following Tier 1 rat study (NTP Clarity
Report, 2018/Camacho et al., 2019 was identified.



174. In this study (NTP Clarity Report, 2018/Camacho et al., 2019) an
increased change in exfoliated germ cells and inflammation was seen at
histological examination of the epididymis in the high-dose group (25,000 ug/kg
bw per day) at interim sacrifice (1 year); these effects were not observed at
terminal sacrifice (2 years).

175. The likelihood of the changes in epididymis histology (exfoliated germ
cells and inflammation) was considered to be Likely, although as effects were only
seen in the highest dose group at the interim and not at the terminal sacrifice,
the effect was apparently transient.

Prostate histology

176. For this exposure period the following Tier 1 rat study (NTP Clarity
Report, 2018/Camacho et al., 2019) was identified; this study had two different
times of sacrifice. In addition, another set of animals of the same study was
examined (Prins et al., 2018).

177. In the Clarity study no change in hyperplasia of the epithelium (non-
neoplastic, proliferative lesions) was observed at interim sacrifice and at terminal
sacrifice an increase was only observed at the 250 ug/kg bw per day dose. At
interim sacrifice, an increase without dose-response in inflammatory changes of
the prostate was observed at 2.5, 250, 2500 or 25000 pg/kg bw per day; no
change was seen at 25 ug/kg bw per day. At terminal sacrifice an increase in
inflammatory changes of the prostate was only seen in the lowest dose group.
There was no change in inflammation of the prostate in the Tier 1 rat study by
Prins et al., (2018).

178. The likelihood of the changes in prostate histology were considered to
be Not Likely as effects were not seen in different sets of animals and were only
examined at interim sacrifice.

179. Seminal vesicle weight: For this exposure period one Tier 1 rat study
(NTP Clarity Report, 2018/Camacho et al., 2019) and one Tier 3 mouse study
(Patel et al., 2013) were identified. As no effects on seminal vesicle weight were
observed in the Tier 1 study, the likelihood of an effect on seminal vesicle weight
was considered as Not Likely.

Sperm count



180. For this endpoint one Tier 1 (NTP Clarity Report, 2018/Camacho et al.,
2019 was identified. No effect was seen on epidydimal sperm count and count of
testicular sperm heads. The likelihood of an effect on sperm count was considered
as Not Likely.

Sperm morphology

181. For this endpoint one Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019) and one Tier 3 mouse study (Dobrzynska et al., 2018)
were identified. As no effect on sperm morphology was observed, the likelihood of
an effect on sperm morphology was considered as Not Likely.

Sperm motility

182. For this endpoint, one Tier 1 rat study (NTP Clarity Report,
2018/Camacho et al., 2019) and one Tier 3 mouse study (Dobrzynska et al., 2018)
were identified. As no effect was seen on sperm motility in the Tier 1 rat study,
the likelihood of an effect on sperm motility was considered as Not Likely.

Testis weight

183. For this exposure period two Tier 1 studies (NTP Clarity Report,
2018/Camacho et al., 2019; Dere et al., 2018) and one Tier 3 mouse study (Patel
et al., 2013) were identified. No change in testis weight was seen in the Tier 1 rat
study (NTP Clarity Report, 2018/Camacho et al., 2019).

184. In the other Tier 1 rat study (Dere et al., 2018), The doses were the
same as those used in the main clarity study, but extra satellite groups, 0 and
250000 ug/kg bw per day were added. A decrease in testis weight was only seen
in the 250000 pg/kg bw per day group when compared with the extra control
group. However, this extra control group showed a higher testis weight than the
other control group.

185. The likelihood of an effect on testis weight was considered as Not
Likely.

Testis histology

186. For this exposure period two Tier 1 studies (NTP Clarity Report,
2018/Camacho et al., 2019; Dere et al., 2018) were identified. At histological
examination in the testis. No changes were observed in either study after
histological examination.



187. The likelihood of an effect on testis histology was considered as Not
Likely:

188. During developmental exposure (pre-natal and/or post-natal in pups
until adulthood), the CEP Panel assigned a likelihood level of Likely to the cluster
male reproductive toxicity of BPA.

189. Since the likelihood level is Likely for the endpoint epididymis histology
(exfoliated germ cells and inflammation) in the Tier 1 study (NTP Clarity Report,
2018/Camacho et al., 2019, this study was taken forward for BMD analysis and
uncertainty analysis.

Growth phase/young age
Testosterone

190. For this endpoint three Tier 3 rat studies (Ullah et al., 2018a; Ullah et
al., 2018b; Gurmeet et al., 2014) were identified (note - the Gurmeet study has
different tier ratings depending on the endpoint) As only Tier 3 studies were
identified, the data were considered Inadequate to judge the likelihood of an
effect on serum testosterone.

Epididymis weight:

191. For this endpoint, two Tier 1 rat studies (Ogo et al., 2018; Gurmeet et
al., 2014) and one Tier 3 rat study (Ullah et al., 2018b) were identified. No effect
on epididymis weight was seen when rats were dosed with 20 or 200 ug/kg bw
BPA per day from PND36-66 (Ogo et al., 2018). In the Tier 1 rat study (Gurmeet et
al., 2014) no effects were observed on epididymis weight when rats were dosed
with 1000, 5000 or 100000 pg/kg bw per day from PND28-70.

192. The likelihood was considered as Not Likely as no effect was observed
in either of two Tier 1 rat studies.

Seminal vesicle weight

193. For this endpoint one Tier 1 rat study (Gurmeet et al., 2014) and one
Tier 3 rat study (Ullah et al., 2018b) were identified. No effect on seminal vesicle
weight was observed when rats were administered BPA via the drinking water
with doses equivalent to oral doses of 1000, 5000 and 100000 ug/kg bw per day
from PND28- 70 weeks (Gurmeet et al., 2014).



194. The likelihood was considered as Not Likely as no effect was seen on
seminal vesicle weight in one Tier 1 rat study.

Sperm count (testis/epididymis)

195. For this endpoint one Tier 1 rat study (Ogo et al., 2018) and one Tier 3
rat study (testicular count, Ullah et al., 2018b) were identified. No effect on
epididymal sperm count was observed in the Tier 1 study when rats were dosed
with 20 or 200 pg/kg bw per day from PND36-66 (Ogo et al., 2018).

196. The likelihood was considered as Not Likely as no effect was seen on
epididymal sperm count in one Tier 1 rat study.

Sperm motility

197. For this endpoint, only one Tier 3 rat study (Ullah et al., 2018b) was
identified. The data were therefore Inadequate to judge the likelihood of an effect
of BPA on sperm motility.

Testis weight

198. For this endpoint two Tier 1 rat studies (Ullah et al., 2018a; Gurmeet et
al., 2014), one Tier 2 rat study (Brouard et al., 2016) and one Tier 3 rat study
(Ullah et al., 2018b) were identified.

199. In the Tier 1 rat study (Ullah et al., 2018a) no effect on testis weight
was observed. In this study, rats were dosed for 4 weeks with 5000, 25000 or
50000 pg/kg bw per day from PND70-80. In another Tier 1 rat study (Gurmeet et
al., 2014, no effects were observed on testis weight when rats were dosed with
1000, 5000 or 100000 pg/kg bw per day from PND28-70.

200. In a Tier 2 study (Brouard et al., 2016) rats were exposed from
PND15-PND30 by s.c. injection with a single dose of 50 ug/kg bw per day
(equivalent to an oral dose of 1800 ug/kg bw per day) and testis weight was
increased.

201. The likelihood was considered to be Not Likely as no effects on testis
weight were seen in two Tier 1 oral (gavage) studies and an effect was only
observed in the Tier 2 single-dose rat study via the s.c. route.

Testis histology



202. For this endpoint two Tier 2 rat studies (Gurmeet et al., 2014; Brouard
et al., 2016) and two Tier 3 rat studies (Ullah et al., 2018a; Ullah et al., 2018b)
were identified.

203. In the Tier 2 rat study by Gurmeet et al., 2014), a decrease of the
seminiferous tubule diameter was observed in the high-dose group. In this study,
the rats were dosed with 1000, 5000 or 100000 pg/kg bw per day from
PND28-PND70.

204. In another Tier 2 study (Brouard et al., 2016), rats were exposed from
PND15-PND30 by s.c. injection with a single dose of 50 ug/kg bw per day
(equivalent to an oral dose of 1800 ug/kg bw per day), and incidences of
seminiferous tubules with lumen, with acrosomal vesicles and acrosome reaction
were increased in the BPA-treated group.

205. The likelihood of the effect was considered as Likely as in a Tier 2 rat
study (Gurmeet et al., 2014) a decrease in seminiferous tubule diameter at dose
level of 100000 pg/kg bw per day was observed. These effects were supported by
testicular effects in another Tier 2 rat study (Brouard et al., 2016) at a s.c. dose
equivalent to an oral dose of 1800 upg/kg bw per day. In this study, the incidence
of seminiferous tubules with lumen, acrosomal vesicles and acrosome reaction
was increased. This single-dose study was not taken forward for BMD analysis.

206. During the exposure during the growth phase, the CEP Panel assigned
a likelihood level of Likely to the cluster male reproductive toxicity of BPA. Since
the likelihood level is Likely for the endpoint testis histology (decrease in
seminiferous tubule diameter) in the Tier 2 rat study (Gurmeet et al., 2014); this
study was taken forward for BMD analysis and uncertainty analysis.

Adult exposure (after puberty)

Plasma/serum testosterone

207. For this endpoint, four Tier 3 rat studies (Srivastava and Gupta, 2018;
Wu et al., 2016; Huang DY et al., 2018; Rashid et al., 2018), three Tier 3 mouse
studies (Xu XH et al., 2015; Chouhan et al., 2015; Gao et al., 2018) and one Tier 3
monkey study (Vijaykumar et al., 2017) were identified.

208. As only Tier 3 studies were identified, data were considered
Inadequate to judge the likelihood of an effect of BPA on testosterone.

Epididymis weight



2009. For this exposure period only one Tier 3 mouse study (Dobrzynska et
al., 2014 was identified, data were therefore considered Inadequate to judge the
likelihood of an effect on epididymis weight.

Prostate histology

210. For this exposure period one Tier 2 (Olukole et al., 2018) and two Tier 3
studies (Huang DY et al., 2018; Wu et al., 2016) in rats were identified.

211. In the Tier 2 study (Olukole et al., 2018), rats were dosed with 10000
Hg/kg bw per day for 14 days. The following observations were increased in the
prostate histology of the BPA-treated group: degenerative changes, atrophy
(atrophic tubules); non-neoplastic proliferative lesions: functional hyperplasia,
proliferative lesions, reduced glandular diameter, hyperplasia reactive
(accompanied by inflammation); inflammatory changes: inflammation and
vascular digestion; atypical hyperplasia.

212. The likelihood of the effects on prostate histology was judged as
Inadequate evidence as the effects on prostate histology were observed in a Tier
2 rat study using only a single dose level (Olukole et al., 2018).

Seminal vesicle weight

213. For this exposure period one Tier 3 mouse study (Chouhan et al., 2015)
was identified. The data were therefore considered Inadequate to judge the
likelihood of an effect on seminal vesicle weight.

Sperm count

214. For this exposure period one Tier 1 study (Wang HF et al., 2016), two
Tier 2 studies (Park et al., 2018; Yin et al., 2017) and three Tier 3 studies
(Dobrzynska et al., 2014; Gao et al., 2018; Chouhan et al., 2015) in mice and one
Tier 3 rat study (Srivastava and Gupta, 2018) were identified.

215. In the Tier 1 study (Wang HF et al., 2016) mice were dosed for 8 weeks
with 10, 50 or 250 ug/kg BPA per day; no effect on sperm count was noted.
Similarly, in the Tier 2 mouse study (Yin et al., 2017) no effect was observed on
sperm count after 5 weeks dosing with 3000, 30000 or 300000 ug/kg bw per day.
In another Tier 2 mouse study (Park et al., 2018) a decrease in sperm count was
seen at the only dose tested (10000 pg/kg bw per day) for 12 weeks.



216. The likelihood of the effect on sperm count was judged Not Likely as no
effects were seen in either the Tier 1 or Tier 2 study in mice. While a decrease in
sperm count was seen in the study by Park et al., (2018a) this used only a single
dose level of 10000 pg/kg bw per day.

Sperm motility

217. For this exposure period one Tier 1 study (Wang HF et al., 2016), one
Tier 2 study (Park et al., 2018) and one Tier 3 study (Dobrzynska et al., 2014) in
mice were identified.

218. In the Tier 1 study (Wang HF et al., 2016) mice were dosed for 8 weeks
with 10, 50 or 250 ug/kg bw per day; a dose-related decrease in sperm motility
was observed. In the Tier 2 mouse study (Park et al., 2018) a decrease in sperm
motility was observed at the only dose tested (10000 ug/kg bw per day) for 12
weeks.

219. The likelihood of the decrease in sperm motility was judged as Likely
based on the dose-related decrease in the Tier 1 mouse study (Wang HF et al.,
2016) at doses 10, 50 or 250 pg/kg bw per day. This effect was supported by
decrease in sperm motility seen in the single dose (10000 ug/kg bw per day) in
the Tier 2 study (Park et al., 2018). This single-dose level study was not brought
forward for BMD analysis.

Sperm morphology:

220. For this exposure period one Tier 2 study (Park et al., 2018) and one
Tier 3 study (Dobrzynska et al., 2014) in mice were identified.

221. In the Tier 2 mouse study (Park et al., 2018) an increase in abnormal
sperm was observed at the only dose tested (10000 pg/kg bw per day) for 12
weeks.

222. The likelihood of the increase of abnormal sperm was judged as
Inadequate as the increase was observed at a single dose level (10000 ug/kg bw
per day) in a Tier 2 mouse study (Park et al., 2018).

Sperm viability

223. For this exposure period one Tier 1 mouse (Wang HF et al., 2016) study
was identified. In this, groups of 8 C57BL/6 mice/dose group aged 15-17 weeks
were dosed for 8 weeks with 10, 50 or 250 ug/kg bw BPA per day; a significant



dose-related decrease in sperm motility (as assessed by Computer Assisted
Sperm Analysis) CASA was observed at the highest dose level and a non
statistically significant decrease seen in the mid-dose group. Body weights and
testicular weights were unaffected.

224. The likelihood of the decrease in sperm viability was judged as Likely
based on this study.

Sperm acrosome reaction

225. For this exposure period one Tier 1 mouse study (Wang HF et al., 2016
was identified (see above for details. A dose-related decrease in acrosome
reaction was seen at the two highest dose levels. This was assessed by
chlortetracycline staining.

226. The likelihood of the decrease in acrosome reaction was considered to
be Likely.

Testis weight

227. For this exposure period one Tier 1 study (Wang HF et al., 2016) and
three Tier 3 studies (Dobrzynska et al., 2014, Gao et al., 2018, Chouhan et al.,
2015) in mice were identified.

228. In the Tier 1 study; no effect on testis weight was noted.
229. The likelihood for an effect on testis weight was judged as Not Likely.

230. Overall, the CEP Panel assigned a likelihood of Likely to the cluster male
reproductive toxicity during adult exposure. As the likelihood level for male
reproductive toxicity is Likely for the endpoint sperm motility, viability and
acrosome reaction in the Tier 1 mouse study (Wang HF et al., 2016) these data
were taken forward for BMD analysis and uncertainty analysis.

Indirect (germline) exposure

231. For this exposure period two Tier 3 mouse studies (Dobrzynska et al.,
2015; Dobrzynska et al., 2018), in which epididymis weight, sperm count and
sperm motility were measured, were identified. In addition, in the Tier 3 mouse
study (Dobrzynska et al., 2015) sperm morphology was examined and in the
other Tier 3 study (Dobrzynska et al., 2018) testis weight was measured.



232. However, the CEP Panel noted that as only Tier 3 studies were available,
the evidence was considered Inadequate for this exposure period.

Overall cluster selection for endpoints/studies for BMD analysis for male
reproductive toxicity

233. Overall, the CEP Panel assigned a likelihood level of:

e ALAN to the male reproductive toxicity cluster in the developmental
exposure period.

e Likely in the developmental and adult, growth phase/young age and adult
exposure periods.

e Inadequate evidence in the indirect (germline) exposure period.

234. The overall likelihood across all exposure periods, i.e. the highest
likelihood given in the cluster male reproductive toxicity was Likely. The CEP
Panel considered that the evidence from the studies available showed a Likely
effect for epididymis histology (exfoliated germ cells and inflammation) in the Tier
1 rat study (NTP Clarity Report, 2018/Camacho et al., 2019) during the
developmental exposure (pre-natal and/or post- natal until adult) period. In
addition, with exposure during the growth phase a Likely effect was reported for
testis histology (decrease in seminiferous tubule diameter) in a Tier 2 rat study
(Gurmeet et al., 2014) and during adult exposure effects on sperm (motility;
viability; acrosome reaction) were observed in a Tier 1 mouse study (Wang HF et
al., 2016). Therefore, these endpoints were taken forward for BMD analysis.
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Description of key studies
Clarity study

235. The Clarity study was a 2 year study NTP based study in which NCTR
Sprague-Dawley rats were given doses of BPA (0, 2.5, 25, 250, 2,500,and 25,000
Hg/kg body weight (bw)/day) by gavage in a 0.3% carboxymethylcellulose vehicle
(Camacho et al, 2019). The rats were dosed from gestation day (GD) 6 through to
the start of parturition and then the pups were dosed directly from the day after
birth until either postnatal day 21 (the stop-dose arm) or continuously until
termination at one (interim sacrifice) or two years. The stop-dose arm was
included to assess the potential for any BPA effects that were due to
developmental exposure. BPA was not detected in bedding extracts, cage
leachates or drinking water.

Vigezzi et al., 2015
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236. In the rat study by Vigezzi et al (2015) the dams were given 0.5 or 50
Hg/kg bw BPA per day in drinking water from GD9-PND21; a Wistar derived strain
was used. The F1 females were necropsied on PND90 and 360. The aim of the
study was to assess the effect of long term BPA exposure on the uterus and the
uterine response to oestrogen replacement therapy (this phase of the experiment
started 1 year after BPA treatment). The group size was between 10-16. No
changes in squamous metaplasia and luminal epithelial anomalies were observed.
At necropsy on PND360 an increase in glands with cellular anomalies was
observed in the 50 ug/kg bw per day; on PND90 but no effects were seen in the
50 pg/kg bw per day group or at both times of necropsy in the lower dose group.

Santamaria et al., 2016

237. In the study by Santamaria et al., 2016, 10-12 FO dams/group of a
Wistar derived strain and their female offspring were given 0.5 ug and 50 pg/kg
bw per day (via drinking water) from GD9-PND21. The numbers are not given in
the paper but from the figure, mean ovary weight appears to be around 50 mg in
the controls and 40 mg in the treated groups, with no clear trend but a greater
spread of data in the higher dose.

Hu et al., 2018

238. The aim of the study by Hu et al., (2018) was to investigate primary
ovarian insufficiency, this the premature exhaustion of primordial follicles in the
follicle pool, which is caused by the excessive premature activation of primordial
follicles after birth. The authors state that BPA exposure promotes the transition
of primordial follicles to primary follicles, thus the number of primordial follicles in
the primordial follicle pool decreases significantly. However, the molecular
mechanisms underlying abnormal follicle activation are poorly understood. The
study aimed to investigate the role of the Phosphatase and tensin homologue
(PTEN) signal system which is a negative regulator of follicle activation. This study
was judged to be Tier 2.

239. Groups of 13 6 week old female mice were treated with oral doses of
0,1, 10, 100, 1000 or 10,000 pg BPA/kg bw/day in corn oil with 0.1% DMSO for 28
days. The mice were killed in the oestrous cycle as determined by vaginal lavage
and the ovaries collected. Ovaries from one side were used for serial section and
hematoxylin and eosin (H&E) staining to evaluate the follicles, while ovaries from
the other side were used for fluorescence immunocytochemistry, reverse
transcription-polymerase chain reaction (RT-PCR), and Western blotting to



observe the expression of PTEN. There were no significant differences in body
weight between the two groups.

240. The hu of primordial follicles to primary follicles and the ratios of
primordial follicles to total follicles in animals administered were significantly
lower than in the control group, with a significant dose-response relationship
being apparent. This is shown in the figure below, taken from the original paper. It
was suggested that this indicated BPA promoted the premature activation of
primordial follicles. Numerical results are not provided.

Primardial fallicles/Primary fallicles ratia
304

.70+
.68
068+

0.64

o.62- [

241. The results are expressed as mean + Standard Error of the Mean
(SEM). Different lower-case letters above the columns, such as a, b, ¢, d, and e,
indicate P < 0.05, and if 2 columns have the same lower case letter, it indicates
no statistical significance. It is not stated in the paper but this suggests that the
lowest dose is not significantly different from the controls when analysed by
ANOVA.

Moore-Ambriz et al., 2015

242. The aim of the study by Moore-Ambriz et al., 2015, was to investigate
how BPA impaired ovulation, therefore the study evaluated whether BPA altered
ovulation by affecting folliculogenesis, the number of corpora lutea or eggs shed
to the oviduct, ovarian gonadotropin responsiveness, hormone levels, and
oestrous cyclicity. Young adult (39 days old) female C57BL/6) mice were treated



with corn oil (vehicle) or 50 pg/kg bw/day BPA (via pipette) for a period
encompassing the first three reproductive cycles (12-15 days). The dose of 50 ug
was selected as it was the US EPA’s safe exposure limit. Diethylstilbestrol (DES)
was given as a positive control. The result on follicles are presented in Table 1,
taken from the paper.

243. It was concluded that BPA exposure did not alter any parameters
related to ovulation. This study was considered to be Tier 1.
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244, Table 13 of the EFSA opinion (and reproduced below) presents the
overall likelihood per cluster for the human and animal stream separately, as well
as the integration of the likelihoods from the human and animal studies for
reproductive toxicity. The integration is described by the panel as below:

245. AGD, bone development and breast development are endpoints
assessed in two different clusters: in pubertal/endocrine in the human stream and
in the developmental toxicity cluster in the animal stream. The CEP panel
concluded that overall, the animal and human clusters were not comparable. It
was considered of relevance to analyse the endpoints on which the final
conclusion for the likelihood is based, both for animal and human clusters. In case
of any similar outcomes the evidence of the respective likelihood would increase.

246. In the human stream, the fetal and post-natal growth cluster contains
results for body weight and femoral length which can be compared to body
weight effects and effects on bone development in the developmental cluster for
animals. While human studies show Not Likely effects, animal studies result in
ALAN effects on body weight and bone development.

247. The further likelihood of effects observed in developmental animal
studies is based on ALAN effects on mammary gland development and age of first
estrus. Neither of these effects have been described as changed nor as
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references of a similar likelihood in human studies. The pubertal/endocrine cluster
of the human stream bases its ALAN evaluation on changes to the AGD. The
assessment of the AGD in animals revealed, however, no effects. Sex hormones
are included in the human pubertal/endocrine and in the animal Male and Female
reproductive toxicity clusters, both without any influence on the overall
conclusion on the respective likelihoods. Thus, finally there is no substantiation of
the ALAN likelihood for the animal cluster developmental toxicity nor of the ALAN
likelihood for the human cluster pubertal/endocrine.

248. In the animal Male and Female reproductive toxicity clusters, there
were Likely effects on sperm, follicles and implantation, but not on fertility. There
was no clear overlap between the endpoints assessed in human and animal
studies that focused on reproductive toxicity in females. As for effects on
mammary gland development, ovary and uterus weight and histology, there are
no studies available in human to be compared and integrated with the animal
evidence.

Integration of likelihoods from the human and animal studies-
reproduced from Table 13 of the EFSA draft opinion.
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249. The Mode of Action studies for clusters and endpoints judged to be
ALAN or Likely are discussed in section 3.1.6.4 of the opinion. These have not
been considered in detail here. However, mechanisms including epigenetic
changes, enhanced sensitivity to carcinogenic changes, altered proliferation and
pathological processes, changes to gene expression and oxidative stress, effects
on hormonal signalling pathways are considered in this cluster.

250. For the changes in follicles, the mechanisms discussed are
considered below as the finding of Hu et al., (2018) were taken forward for BMD
modelling.

251. In animals, Thilagavathi et al. (2017) reported that the number of
antral follicles in rats was decreased after treatment with BPA at 10 mg/kg bw per
day for 12 weeks, but increased at doses of 50 and 100 mg/kg bw per day. They
proposed that BPA-induced oxidative stress leads to antioxidant depletion in the
ovary, which leads to elevated level of Thiobarbituric acid reactive substances
(TBARS - these are byproducts of lipid oxidation and indicate oxidative damage),
which leads to overexpression of endothelial nitric oxide (eNOS), which prevented
steroidogenic acute regulatory protein (StAR) transport from the outer to the
inner mitochondria membrane, which inhibited CYP11A1l, leading to the
downregulation of aromatase.

252. Berger et al. (2016) reported that in mice dosed during gestation
with 0.5-50 ng/kg bw BPA per day, germ cell nest breakdown was directly
inhibited, probably by altering gene expression for apoptosis, oxidative stress and
autophagy. Preantral follicle numbers were decreased, potentially by causing
death of these follicles at time points earlier than 3 months. They concluded that
in utero BPA exposure has different effects on the gene expression of
steroidogenic enzymes and these effects depend on the dose of BPA, age and the
generation of the mice.

253. Santamaria et al. (2016) reported reduced primordial to primary follicle
transition and altered steroidogenesis in adult rats dosed during gestation and
lactation with 0.5 or 50 mg/kg bw BPA per day. The androgen receptor (AR) was
increased in primordial follicles at 5 mg/kg bw per day and decreased in primary
follicles at 50 mg/kg bw per day. They concluded that BPA could affect ovulation
through different mechanisms depending on dose but did not speculate on what
was causing the altered steroidogenesis.

254. Santamaria et al. (2017) reported reduced ovulatory response to
exogenous gonadotrophins in pre-pubertal female rats dosed during gestation



and lactation at 50 mg/kg bw per day. They suggested that different mechanisms
might be leading the follicles to atresia and that loss of AR in the later stages of
follicular development might be part of a paracrine mechanism that affords
protection against premature luteinisation and atresia.

255. Cao et al. (2018) reported that BPA decreased the ovarian reserve in
adult mice dosed with 5-500 mg/kg bw per day for 28 days. They hypothesised
that BPA may reduce ovarian granulosa cell activity and accelerate its apoptosis,
leading to the decreased synthesis of AMH. They did not speculate on upstream
mechanisms.

256. Soleimani Mehranjani and Mansoori (2016) reported that adult rats
dosed with BPA at 60 mg/kg bw per day for 20 days had reduced antral follicles
and increased atretic follicles. Concomitant vitamin C ameliorated these adverse
effects. They did not propose a MoA, but antagonism of BPA- induced oxidative
stress is a plausible possibility.

257. Ganesan and Keating (2016) reported that in vitro incubation of
perinatal rat ovary with very high dose of BPA (440 mM) reduced primary and
secondary follicle numbers after 2 days, followed by a reduction in primordial
follicle numbers after four days and induced ovarian DNA damage. They
concluded that BPA, via biotransformation, may be converted to a DNA alkylating
agent. It is noted that the concentration tested was likely many orders of
magnitude higher than achievable in vivo levels.

258. Overall, at lower doses, oxidative stress leading to steroid alterations is
a plausible mechanism for reduced follicle development. DNA damage is only
reported at a much higher dose/concentration.
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259. The CEP panel noted that the effects BPA are reported over a huge
range of effective concentrations/doses (low nM and mg/kg bw per day to high uM
and >1,000 ug/kg). This range needed consideration since there could be
qualitative as well as quantitative differences in mechanisms, depending on dose.

260. It was considered clear that many of the reported effects of BPA on
male reproductive endpoints are measuring downstream intermediate pleiotropic
effects (e.qg. altered expression of many genes and proteins, DNA methylation and
histone changes, activation of MAPK, PI3K, PKA, Akt/mTOR pathways, INSL3, StAR,
etc.). It was stated that details of upstream mechanisms, which are more likely to
be BPA specific, are unclear in many cases. For example, mechanisms for BPA-
induced sperm mitochondrial membrane potential changes could include altered
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ion channels, receptors (and receptor cross-talk) and ROS.

261. Receptor interactions are an obvious candidate mechanism for early
BPA effects (AR, ERa, ERB, GPER, ERRg, PPARg, etc.). Some studies have reported
receptor-dependency of BPA effects, but the results are difficult to generalise,
because steroid receptor properties and interactions are dynamic; substance
effects can vary by e.qg. tissue, life-stage and dose.

262. A plausible upstream mechanism for BPA effects is oxidative stress
generation, at both low and high doses.

263. In summary, it seems plausible that BPA-induced oxidative stress
(with modulation of androgen and oestrogen pathways, and downstream
inflammation) is an early key event in the adverse effects of BPA on adult male
and female reproductive organs.
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The conclusions of the CEP panel are reproduced below:

In the previous opinion on BPA assessment (EFSA CEF Panel, 2015), the CEF
Panel concluded that the evidence is not sufficient to infer a causal link
between BPA exposure and reproductive and developmental effects in
humans but re-confirmed that BPA is a reproductive toxicant in experimental
animal studies at high doses (above a Human Equivalent Dose (HED) of 3.6
mg/kg bw per day, corresponding to the No Observed Adverse Effect Level
(NOAEL) HED for General toxicity). The CEF Panel assigned a likelihood level
of ALAN to reproductive and developmental effects of BPA in animals at low
doses (below HED 3.6 mg/kg bw per day).

In adult animals exposed at doses lower than 3.6 mg/kg bw per day,
reproductive effects were considered to be ALAN; the data suggested that
low-dose BPA may have adverse effects on testis function, especially various
measures of spermatogenesis, although these effects were modest, and in
several multigeneration studies no effects were observed at dose levels from
as low as 3 pg/kg bw per day up to at least 50 mg/kg bw per day. There was
less evidence that BPA will significantly impair testis morphology or
reproductive endocrinology, especially in the longer term.

In animals exposed in utero at doses lower than 3.6 mg/kg bw per day,
reported effects on reproductive function were contradictory and highly
variable between studies. A likelihood level of Likely was assigned to BPA-
induced proliferative changes in the mammary gland. The CEF Panel
established a tolerable daily intake which was designated as temporary (t-
TDI), pending the outcome of a long-term study in rats involving pre-natal as
well as post-natal exposure to BPA then being undertaken by NTP/FDA.
Based on the human data, none of the reproduction clusters was considered
Likely. Female fertility and pre-eclampsia after adult exposure, pubertal
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development after exposure during pregnancy were considered ALAN. Male
fertility after exposure during adulthood, prematurity, fetal and post-natal
growth after exposure during pregnancy and pubertal development after
exposure during childhood were considered Not Likely.

In the animal studies, the likelihood of reproductive effects was assessed by
WOE in three clusters (developmental toxicity, male reproductive toxicity,
female reproductive toxicity), each subdivided according to exposure periods
(developmental, developmental and adult, growth phase/young age, adult
and indirect (germline) exposure).

Based on the animal data, several endpoints in both female and male
reproductive toxicity clusters were judged as Likely.

In the female reproductive toxicity cluster, there were Likely effects on ovary
weight and histology after developmental exposure, on implantation rate
after growth phase/young age exposure and on follicle counts after adult
exposure. Therefore, these endpoints were taken forward for BMD analysis.
In the male reproductive toxicity cluster, there were Likely effects on
epididymis (exfoliated germ cells and inflammation) after developmental and
adult exposure, on testis histology (increased seminiferous tubules with
lumen and acrosomal vesicles) after growth phase/young age exposure and
effects on sperm motility, morphology, viability and acrosome reaction after
adult exposure. Therefore, these endpoints were taken forward for BMD
analysis.

In all three clusters studied in animal studies (developmental toxicity, male
reproductive toxicity, female reproductive toxicity), several endpoints were
rated ALAN.

In the Developmental Toxicity cluster, mammary gland and bone
development (both sexes) and body weight (described in Metabolic hazard
identification section) after developmental exposure, and also for age at first
oestrus and body weight effects after exposure during growth phase, were
judged as ALAN.

In the Female reproductive toxicity cluster, effects on uterus histology
(increase in apoptosis and squamous metaplasia) after developmental and
adult exposure, and on oestrus cyclicity after adult exposure, were judged as
ALAN.

In the Male reproductive toxicity cluster, effects on prostate (inflammation,
reactive hyperplasia and apoptosis) and testis (polyarteritis, inflammation,
reduced stage VIII seminiferous epithelial cells and increased germ cell
degeneration) after developmental exposure were judged as ALAN.

After the integration of the human and animal evidence, the overall
likelihood of BPA effects was considered Likely for the clusters Female



reproductive toxicity and Male reproductive toxicity, and ALAN for
Developmental toxicity.

Based mainly on the animal data and in reasonable agreement with the
human data, a female reproduction hazard is identified in terms of likely
effects on ovary weight and histology after developmental exposure, on
implantation rate after growth phase/young age exposure and on follicle
counts after adult exposure.

Male reproductive toxicity effects identified from the animal data as Likely
were epididymis (exfoliated germ cells and inflammation) after
developmental and adult exposure, testis histology (increased seminiferous
tubules with lumen and acrosomal vesicles) after growth phase/young age
exposure and sperm (motility, morphology, viability and acrosome reaction)
after adult exposure. This is broadly in agreement with the previous EFSA
conclusion (EFSA CEF Panel, 2015) that doses of BPA below 3.6 mg/kg bw
per day may have modest adverse effects on testis function, especially on
various measures of spermatogenesis.

Mechanisms of action for the identified BPA reproductive toxicity endpoints
have been non-systematically explored in the literature. They include
oestrogen and AR interactions and associated downstream and cross-stream
effects, including epigenetic changes. Other possible mechanisms, including
notably BPA-induced generation of oxidative stress, have been less explored.
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265. The CEP panel reviewed the available human and animal data on
reproductive and developmental toxicity. Findings from the human studies were
judged to be Not Likely or ALAN. A number of endpoints were taken forward for
BMD analysis. Most notably, this included the changes on follicle ratios observed
in the study by Hu et al., 2018 as it was noted that this would have provided the
second most sensitive endpoint.

Questions for the Committee

266. Do Members have any comments on:

a) The human data

b) The animal data

c) The study by Hu et al., (2018) or changes in follicles more widely.
d) The WoE and integration.

e) The overall conclusions reached.
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AGD Ano genital distance

ALAN As Likely as Not

ANOVA Analysis of Variance

AR Androgen Receptor

BMD Benchmark Dose

BPA  Bisphenol A

CEP EFSA Panel on Food Contact Materials, Enzymes and Processing Aids

DES Diethylstilbestrol

EFSA European Food Safety Authority

GD Gestational Day

HBGV Health Based Guide Value

HOC Health Outcome Category

HED Human Equivalent Dose

HR Hazard Ratio

Kg kilogram

LD Lactation Day



Mg microgram

mg miiligram

MoA mode of action

NOAEL No Observed Adverse Effect Level

NMDR Non Monotonic Dose Response

Ng nanogram

NTP US National Toxicology Program

OR Odds Ratio

PND postnatal day

ROS Reactive Oxygen Species

RR Relative Risk

TBARS Thiobarbiturc Acid Reactive Substances

TDI Tolerable Daily Intake

TDs Terminal Ducts

TEB Terminal End Buds
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