Responses from Peer Review Panel membersto Charge Questions.

20™ October, 2003 — First Set of Peer Review Pane Responses

This section records all comments from the Panel Members and Observers for the Uterotrophic Validation
Peer Review on the first round of charge questions. These were discussed at the teleconference on
Monday, 20" October, 2003.

TheTest System

Is the choice of the rodent uterus, specifically in this case the rat uterus:

a. Biologically relevant for the detection of oestrogen agonists and antagonistsin vivo?

Member 1

The rodent (rat) uterus IS biologicaly relevant: it is endowed with significant numbers of alpha ER’s, and
activation of those receptors elicits numerous molecular and biochemical changes that ultimately result in a
significant increase in cell number and fluid content, which can readily be measured on a balance. That these
effects are mediated viathe ERalphaisindicated by the attenuation of these responsesin ERKO animals.

Member 2

Y es, the choice of the rodent uterusis appropriate. It should be recognized, however, that there are significant
differences among rodents (rats, mice and to a lesser extent, voles have been the primary species studied.) Also,
significant differencesin the sensitivity of the uterus to estrogens exist among strains within a species.

Member 3

The Uterotrohic bioassay is considered biological relevant for the detection of oestrogen agonists/antagonists
since the biological basis for the Uterotrophic bioassay is the role of oestrogens in the natural oestrus cycle.

The bioassay is a robust and rapid in vivo screening for possible oestrogen agonists/antagonists, based on the
response in oestrogen sensitive tissue.

In the uterus ERa is present at significant levels whereas ER[ is present at moderate levels which limits the
detection of ER[3 agonist/ antagonist with the Uterotrophic bioassay.

The bioassay is biologicaly relevant for the detection of agonists/antagonists, however, what does an increase
(small) in uterine weight mean biologically, isit an adverse health effect?

The assay seems quite insensitive compared to mammary gland dysgenesis in adult mice exposed to
xenoestrogens in foetal life. Bisphenol A induced mammary gland dysgenesis at concentrations 4000 fold lower
than those required to induce an uterotrophic effect.

There may also be arisk for false negative results because of the low sensitivity of thistest. This could possible be
solved by measuring the expression of one or two oestrogen regulated genes or proteins.

Member 4

The rodent/rat uterus response in animas with low endogenous oestrogen levels is biologically relevant for
the detection of oestrogen agonists; modifications of the assay providing (endogenous or exogenous) oestrogen
along with atest agent are suitable for the detection of oestrogen antagonists.

Member 5
Yes, rat uterus growth is a relevant biologica phenomenon for detection of chemicas with estrogen-like
biologica effect

Member 6

The rat as well as mouse uterus are of sufficient biological similarity to the human uterus such that oestrogen
agonists and antagonist can be detected. It, however remains to be proven whether the sensitivity of detection is
sufficient to allow identification of weak agonists and especialy antagonists. This in view of the fact that some
chemicals have been detected with different sensitivities within rodent species and between different rat strains.
Therefore one has to expect even more pronounced interspecies variations between rats and humans.
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Is the choice of the rodent uterus, specifically in this case the rat uterus:

a. Biologically relevant for the detection of oestrogen agonists and antagonistsin vivo?

Member 7
The existing literature indicates that the rat uterusis abiologically relevant test system for detecting oestrogen
agonists and antagonists. It also responds to non-oestrogens, e.g. androgens.

Member 8
Yes.

Observer 1

Comment: Thetest isrelevant for detection of chemicals that produce uterotrophic effects in rats. The assay
alone is insufficient to specifically detect estrogen agonists. As noted in chapter 188 of the BRD non-estrogens
can induce increases in uterus weight. If this statement is true, then additional studies would be needed to confirm
that a uterotrophic effect is estrogenic.

Panel Observer #3
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b. Mechanistically adequate and sensitive for the detection of oestrogen agonists and antagonistsin vivo?

Member 1

The response of a target tissue to estrogen is complex, and has been broken down into many component
responses at the biochemical and molecular level. For the purposes of toxicity testing, we are less concerned with
how a compound works, and more concerned whether the body “sees’ the compound as an estrogen. Thistest IS
mechanistically adequate because of the reasons noted above (it has estrogen receptors and they elicit numerous
responses). Based on the dose-response patterns presented in these documents, the assay is variably sensitive: it
appears more sensitive to some compounds than to others. It certainly is sensitive to strong agonists such as 173
estradiol and diethylstilbestrol.

Member 2

Yes, sufficient mechanistic information is available to test for estrogens and antagonists with the proviso
stated above about species and strain differences. One area that could require more mechanistic investigation is
the cellular mechanisms of water imbibition in the stimulated uterus. A great deal of work has been done on the
mechanisms of cellular hyperplasia but less on water transfer and, since one measure used in the uterotrophic
assay includes the weight of the water, this would seem worthy of interest.

Member 3

The measurement of luminal epithelia cell height is for some weak antagonists e.g. Bisphenol A reported to
be more sensitive than increases in uterine weight measured by the Utreotrophic bioassay.

Measurement of uterine cell proliferation by BrDu labelling or PCNA, or the expression of oestrogen
regulated genes or proteins are other sensitive endpoints for the detection of oestrogen activity.

Member 4

The test system is more than adequatel y characterized on a mechanistic basis.

Additiona biochemical/molecular markers and histological changes can assist in an evaluation of agents,
although at present none of them has proven to be consistently more sensitive than the uterine weight response
when applied to range of chemicals or assessed with different routes of application.

Member 5
Yes.

Member 6

The test is based on a single endpoint, the increase of uterus weight after stimulation with hormona active
chemicals. Other oestrogen responsive tissues (Detailed background review document; page 24) with different
metabolism and without rapid turnover of cell growth have not been taken into account.

Apparently the immature rat version has been the first test that has been developed. It is not understandable
why the assay has been “improved” by using OVX animals. AT least, if possible the equivalence of both assays
should be stated for anima welfare reasons. The argument that not al |aboratories have access to animals with a
defined birth date is very weak and should not be taken into account due to anima welfare reasons. Even though
on page 65 it is remarked that in most countries animals with a requested age can be supplied. The study showed
that either of these two basic protocols can be used, although it should be noted that this conclusion is based on
results from the widely differing numbers of laboratories that used the four protocols. The data suggest that the
need for two protocols is scientifically not necessary, and that the protocol based on immature animals should be
sufficient for the most purposes. It is most important the such scientifically unjustified flexibility is not allowed to
become incorporated into any OECD test guideline.

Furthermore, the quality of ovariectomy is an essentiad component in the analysis of effects. (see Crit. Rev.
Tox Owens and Ashby, 2002; page 474 and Zackarewski et al, 1998).
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b. Mechanistically adequate and sensitive for the detection of oestrogen agonists and antagonistsin vivo?

Member 7
The mechanistic basis of the test system response has been elucidated and is reasonably well documented.
Evidence suggests that it is sufficiently sensitive to distinguish weak oestrogen agonists.

Member 8
Yes.

Observer 1

Comment: The test is mechanistically adequate for the detection of chemicals that cause uterotrophic effects
in the rat. As noted above, it is apparent that additional study would be required to confirm that the effects of
uterotrophic chemicals are estrogenic (see above).
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c. Toxicological an appropriate choice for the detection of oestrogen agonists and antagonists in vivo?

Member 1

Practicality and cost would suggest that one would want the smallest species with a consistently estrogen-
responsive uterus. A limited number of rat strains are used for the vast mgjority of reproductive toxicology
testing. In contrast, mice are the genetic workhorse of science, and have been bred into dozens or hundreds of
different strains. It is the experience of this Member that there is more inter-strain variation in mice than in rats,
athough the data summarized in the background documents seems to suggest that there is no significant
difference between the mouse strains tested. This panelist is comfortable using rats for this test, and would prefer
them to mice (too variable) or rabbits (unnecessarily large and expensive).

Member 2

Yes, a present an animal uterotrophic assay is clearly the best assay for putative estrogen agonists and
antagonists to assess information for human hazard assessment. In my opinion, in-vitro assays currently available
may provide some screening information but do not provide adequate data for assessment of animal or human risk
assessment.  Again, the species (Iaboratory rat or mouse) and the strain should be considered. | was impressed
that there was considerable concordance among the test laboratories in the responses even though some different
strains (and sub-strains)were used. This would suggest that the responses across strains are sufficiently robust.
However, | think more research is needed on strain differences if asingle strain is to be recommended. There are
published data using DES in mice suggesting very low doses (in the microgram/kg. range) can stimulate the
uterus.

Member 3

The rat is considered the most appropriate species since the rat is usualy used in developmenta and multi-
generation studies, and in mice ahigher level of differencesin responsiveness has been reported.

In the phase-one and phase two studies different rat strain were used, mostly Sprague-Dawley and Wistar rats,
however, no evidence of strain difference was reported. However, difference in rat strain sensitive is reported for
Bisphenol A where Fisher 344 rats and Alpk:AP rats were more sensitive than the Sprague-Dawley rats. This
difference was explained to be associated with differences in intermediate or late gene expression of oestrogen
regulated genes, which indicates the need to also include the measurement of the expression of oestrogen
regulated genes.

Member 4

In principle, both rats and mice are an appropriate choice:, Mice, due to a lower body weight, may be useful
in cases of limited amounts of test compound. But, in light of the available data, the rat appears to be a better
choice because of lesser (no significant) differencesin the responsiveness among strains.

Member 5
Rat is a commonly used animal in toxicologica testing, housing, diet etc. are clear, bigger than mouse and

work is easier withiit.

Member 6

On page 87-89 of the background review document the authors describe a positive uterotrophic result can also
occur with non-oestrogens e.g. androgens, progestins growth factors. In order to decrease the level of fase
positives the authors suggest performing precursors assays such as ER binding. It is questionable whether an
Uterotrophic test is still necessary if the chemicals have demonstrated positive ER binding activities and a
response in transcriptiona/reporter gene assays. A positive in vitro result should not automatically lead to an
additiona in vivo experiment. Since the authors stress several times that the uterotrophic test should be used in a
tiered test strategy in addition to in vitro tests the added value of this test is limited (receptor binding tests can be
combined with biokinetic modelling).

The Uterotrophic bioassay aims to detect also weak oestrogens and antioestrogens. Since very high
concentrations (up to 1000mg/kg) have to be applied in order to receive some biological responses it is
questionable if these results are relevant for human hazard assessment. For some chemicals and protocols the
selected dose was already lethal (mainly protocol A but also casesin protocol B and C). Since a prediction model
is missing in the protocols, it cannot be judged which increase in uterine weight should be considered as
biologically significant Without the use of more negative control chemicals it is impossible to fully assess the
predictivity of the assay in terms of its specificity and its sensitivity. An additional study to analyse the reliability
and relevance of the assay for detecting anti-oestrogens is necessary to evaluate the predictive power for this
purpose.

Member 7
Yes, and is probably preferable to either the mouse or the rabbit for logistica reasons.
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c. Toxicological an appropriate choice for the detection of oestrogen agonists and antagonists in vivo?
Member 8
Yes, rodents are optimal in view of large litters and historic information, mouse and rat seem equally
sensitive, rat is somewhat larger so easier to work with. Strain differences are small and have no major impact on

the results.

Observer 1
Comment: The test is appropriate for detection of chemicals that are uterotrophic in rats (see above).

Additiona data would be required to determine whether an observed uterotrophic effect is estrogenic.
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d. Consistent with the use of animalsto obtain in vivo hazard information for human hazard assessment?

Member 1

This test should tell us if a compound poses a hazard to aliving system. Effects in molluscs or fish can be
directly addressed but effects in humans must be measured by proxy; it is appropriate to use a living intact
mammal as a proxy for human effects. Humans are not naked ambulatory receptors, but complex systems
engaged in active homeostasis. It is important for the test to contain as many of these homeostatic processes as
possible.

Member 2
Yes, the use of animal models is essential for the detection and verification of putative estrogenic mimics or
blockers.

Member 3

The Uterotrophic bioassay is an in vivo screening assay for oestrogen agonists and antagonists. The assay is
based on the assumption that a statistically significant increase/decrease in uterine weight implies that there has
been an exogenous source of oestrogenic/antioestrogenic exposure, which in itself is regarded as a toxicologica
concern, because it isthen considered to affect the endocrine system in humans.

However, the Uterotrophic bioassay results will need careful examination before triggering significant
toxicological testing. This indicates a clear need to establish a defined process to accept data and to consider the
weight of evidence from al in vitro and in vivo data before concluding whether the bioassay results are valid.

Positive results in the Uterotrophic bioassay, a mechanistic screening assay, is considered not be used aoneto
define endocrine disruption via an oestrogen mode of action. Classification and labelling is considered not to be
based on in vitro and in vivo screens e.g., transcriptional assays or the Uterotrophic bioassay, but await the results
of more definitive testing protocols for adverse health effects such as multigeneration or developmenta studies.

In the phase 2 study it was shown that the increase in uterine weight following exposure to the phytoestrogen
Genistein was higher when Genistein was given by the subcutaneous route compared to the oral route. However,
in this case the strongest response may not always be the most relevant response for human risk assessment.

Member 4

The use of animals in hazard characterization is warranted in light of the important role of toxicokinetics in
determining biologica activity (e.g. metabolizing pro-estrogens to estrogens; route of administration and/or
bioaccumulation affecting judgements on relative potency). Moreover, in vivo assays are indispensable for the
detection of endocrine active chemicals operating by indirect modes of actions that are not yet detected in in vitro
assays or by in silico (QSAR) approaches.

Member 5
Yes

Member 6

It needs to be clarified why some chemicals that are positive in the uterotrophic assay are negative in the
classicd tests such as multigeneration studies and dev. Tox. tests. Are they really false positive? Since only one
negative substance has been included in the study it is difficult to define the predictive value of the tests. The use
of animals with little endogenous estrogen prevents an evaluation of effects of weak estrogens and antiestrogens
during an intact hormona cycle. Synergistic or additive effects will not be detected. (E.g. critical review
tamoxifen 451). As discussed before since the prediction model is missing the relationship between ill-health and
uterine weight increase is unknown.

Member 7
Yes, its use is commensurate with traditional laboratory animal data inputs (e.g. NOAEL, LOEL) to
toxicologica risk assessment.

Member 8
Yes, athough the relevance of subcutaneous versus oral dosing is an important issue. For hazard, both are
relevant in their own way.

Observer 1
[Secretariat: No reply received from panel observer on this point.]
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Test Method and Protocol Description

Are the test method and protocols described in sufficient detail in the Submission Package, including the purpose of
the test, endpoints, protocol parameters, and acceptabl e variations among the protocol s?

Member 1

The test and the pertinent variables are described with admirable thoroughness. My only suggestion isthat the
protocol itself specify the number of days that should elapse between ovariectomy and treatment. Thisis
addressed in the detailed background review document, but | could find no mention of it in the protocols
themselves.

Also, | would suggest that the batch of diet be recorded. This was mentioned in the supporting text of the
protocols, but not listed as a specific endpoint, and | believe it should be.

Member 2

The protocols are described in adequate detail but 1 would add one item. | think the corn oil used as the
vehicle should be tocopherol stripped rather than store-bought corn oil. Corn oil can contain estrogenic substances
and the commercial oil available can be variable. | believe the USEPA uses only stripped oil as avehicle. Thisis
particularly relevant since corn oil was used in 12 of the 19 test |aboratories.

Member 3

Overall the test method and protocol is described in sufficient detail, | only have some remarks:

The immature female rat protocol should include that pups outside a 35 to 50 g bodyweight should not be
used on pnd 19 (start of exposure) since pups smaller than 35 g may not respond as well as pups larger than
35 g whereas pups larger than 50 g may begin to secret E, by day three of the assay when they reach or exceed a
body weight of 60 g.

In Annex 3 phase 1 study, and Annex 2 phase 2 study, under the section results for individual animals it is
described that organ weights at necropsy should be measured, however, which organ weights, are the
measurements related to systemic toxicity of the test chemical.

The antagonist ZM was used together with EE to test for antioestrogenicity, however, maybe a group only
receiving ZM aone should have been included so that information regarding effects of exposureto ZM aone

were available.

Consider the possibility that complimentary techniques are needed to confirm or refute equivoca results. The
most promising alternative as described in the critical review document may be the development of gene assays to
capture the profile of a subset of genes that are specifically up or down regulated by oestrogens. At the Eurotox
2003 congress Orphanides G held a very good lecture with the title; How do natural and synthetic estrogens
induce cell proliferation and differentiation? A transcriptional view of the uterotrophic response.

Member 4
The model protocols provide sufficient details how to conduct the assay, along with information on variations
of protocols and how to evaluate the outcome.

Member 5
Described correctly, sufficiently. All protocols are clear and can be reproduced with some practice.
Endpoints are relevant, variations are clearly shown.

Member 6

The protocols in Annexes of the phase 1 and 2 report appear in some cases as a mixture of a study plan and a
test protocol. e.g. Phase 2; Annex 2; pp 94 .....Characterisation of the test substance is the responsibility of the
chemical supplier and those managing the chemical repository. It is not the responsibility of the lead or
participating laboratory....page 104 The heading “statistical analysis of the results’ is only describing that the data
have been delivered to the leading laboratory. Thereis no guidance how to interpret the results.

The description of the different versions of protocolsin chapter 3 and 4 is a summary of possible variables of
the test. These variables are sufficiently described. However, since the protocol is broken down in “building
blocks’ it can be combined as wanted by the future users. This can lead to protocol variations, which are not
validated and the reliability of thistests has not been proofed.
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Test Method and Protocol Description

Are the test method and protocols described in sufficient detail in the Submission Package, including the purpose of
the test, endpoints, protocol parameters, and acceptabl e variations among the protocol s?

Member 7

The protocols have been written in “test guideline form” rather than as SOPs (which typically provide more
detailed technical information and are more usual in validation studies). It is noted that a video of the animal
procedures was available to support the protocol and facilitate standardisation between the participating
|aboratories. However, it is also evident that some laboratories did not conduct the assays as intended. Protocols
are not the fina versions; these need to be refined following the outcome of phase |1, incorporating the various
learnings re maximum phytoestrogen content of the diet, solubilisation of test substance, selection of appropriate
doses based on prior conduct of range-finding studies, etc. Sections on data anaysis and data interpretation need
to beincorporated. Known limitations of the assay need to be incorporated.

Member 8
Yes.

Observer 1

Comment: No. The protocols described in Annex 1 Phase 1 and Annex 2 Phase 2 Reports are early
developmental protocols “designed to enable variation between laboratories to be investigated and protocol
refinement to be proposed”. A key part missing from dl protocols and the discussion in Chapters 3 and 4 of the
BRD isthe definition of procedure laboratories should follow to establish the starting test substance dose and dose
intervals. The protocols used in this study specify the dosing regime to be used for each chemical. Since variation
in dosing between laboratories can cause significant variation in predictions of toxicity this validation study did
not assess the capacity of the uterotrophic assay to correctly predict the uterotrophic effects under real-world
conditions where the dosing regime is not specified.
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Are the protocol s used to generate the supporting submission data complete and adequate in detail for alaboratory to
conduct the study, including:

a. Description of the material and equipment needed to conduct the test.

Member 1

It's alittle late to be asking this question, isn't it?... if you've done the tests already, then why bother with
this?

But the answer to this question is Yes, there is adequate detail for the material and equipment required to
conduct the test, with the exception that the length of time between OV X and treatment should be specified in the
adult OV X protocol.

Member 2
Y es, but see above. [ Secretariat: presumably the comment on vehicle in the previous question]

Member 3
In my view it is good described, however, | have not had the opportunity to do the Uterotrophic bioassay in
the lab, so my practica knowledge islimited.

Member 4
The mode protocols are compl ete and adequate in detail .

Member 5

Description is adequate, especialy because no specific equipment is necessary. In the protocol | did not find
the specification of measuring, | mean body weight with 1 g precision and uterus weight 0.1 mg (but these are
given in EHP series).

Member 6

Chapter 3 and 4 of the detailed background review of the Uterotrophic bioassay provide a detailed anaysis of
protocol variables that have been described in the literature. This can be confusing since the document is also
citing versions of the Uterotrophic tests that have not been validated. It should be stressed that only the test
protocols described in the annexes of phase 1 report and phase 2 report have been validated. An integration or
exchange of parameters such as the administration of test materia via drinking water etc. will lead to a variation
of the presently proposed version of the Uterotrophic assay.

The protocols are not described as detailed as in a standard operation procedure, which can lead to
misinterpretations. E.g. the necessary housing and husbandry conditions to increase the sensititivity and efficiency
of the assay need to be clarified.

The protocol requires personnel with consistently good technica skills, eg. anima husbandry, dose
preparation, and dissection. A specific training in animal experimentations such administration of test chemicals
and killing of animals should be mandatory. In addition, the weight of the uterus used as toxicological endpoint is
highly dependent on the isolation procedure. A high intra and inter |aboratory variability has to be expected which
can be crucial during the classification of weak oestrogenic compounds. Indeed, the crit review of the uterotrophic
assay by Owens and Ashby (2002) clearly demonstrate that the dose response of 17p-estradiol and uterine weight
(Table 4, page 461) is not a very steep one (dose range 100000 vs relative weight increase 1.05-1.63), clearly
demonstrating that weak agonist will be difficult to detect in view of a potentially high uterine weight variability
resulting from handling procedures.

Some protocols require the ovariectomy in order to avoid endogenous oestrogen. This operation is another
crucial parameter of the test. Rests of the ovary can produce oestrogens that are interfering with the test (see
comments above). A video is not sufficient for an untrained |aboratory.

Member 7
Yes.

Member 8
Yes.

Observer 1
Comment: Description is adequate.
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b. Description of what is measured and how the data are used to identify positive and negative results?

Member 1

Yes, the protocoal is clear about what is to be measured and how the data are to be handled. It is apparently
silent on how a positive result is identified (i.e., are you happy with simple statistically significant difference from
control? And do you want the lowest effective dose? How are those datainterpreted and handled??)

Member 2
Y es, the descriptions are adequate.

Member 3

A clear description regarding a positive effect e.g a 40 % increase in uterine weight should have been
discussed in more detail, and when should historical control data be included in the interpretation of
positive/negative results.

Due to the appearance of fase positive and false negative with the Uterotrophic bioassay, the need for clear
criteria for data acceptance is necessary e.g. maxima for acceptable vehicle control uterine weights, and how to
interpret a modest increase in uterine weight (20 to 40 %).

Non monotonic responses (U-shaped response curves) are reported for oestrogen like chemicas, how to
handle this should have been addressed.

I miss in the protocol a definition of the wet uterine weight (defined as including intraluminal fluid) and the
blotted uterine weight (defined as having the intraluminal fluid removed).

Member 4
The description (and figures) provide sufficient details on what is measured and how to eval uate the outcome.

Member 5
All clear, it is easy to perform and evaluate from the description.

Member 6

A guidance how to interpret the results is missing in the protocols. It is not clear when a chemica has no
effect and when a chemical has to be classified as active. (At least the paragraph on statistica analysis of the
crit.rev.tox publication should be included into the protocol.) More detailed information will be provided by
ECVAM'’s statistical review. There is no prediction model included that allows to judge if the uterine increase is
scientifically relevant or not.

There is no indication in the test protocol for chemical testing (phase 2 report; annex 2) how to select test
concentrations for unknown chemicas. On page 98 (phase 2 report; annex 2) it is stated ....all substances will be
administered at pre-determined dose levels and will be coded to create a blind study. Thisis again part of a study
plan and not guidance how to select concentration levels of unknown chemicals.

Member 7

The endpoints and data to be recorded are described adequately. In final, refined, versions of protocols
submitted for formal validation the statistical analysis of the results and the manner in which the data are to be
interpreted (“prediction model / data interpretation procedure”) should be documented. This is not the case in
these protocols.

Member 8
Yes.

Observer 1
Comment: No. An unambiguous statement of the prediction model is missing from all protocols. The
description of endpointsto be measured is given.




Responses for 20" October, 2003, teleconference

c. Are there appropriate provisions for the use of reference control chemicals?

Member 1
Yes, ethinyl estradiol is specified as the reference control chemical, which is closely analogous to the natural
ligand in situ. Thisisan appropriate choice, and it readily availablein relatively pure form.

Member 2
Yes. My only suggestion is that the group might consider DES as a reference estrogenic substance since so
much work has been done on this compound.

Member 3

Limited datais given on the antioestrogen ZM 189.154, information regarding chemica structure would have
been helpful.

In the Phase 2: Coded single dose study the phthalate DBP was included as a negative chemical, however, an
increase in the uterine weight was reported for this substance, therefore, maybe more than one negative chemical
should have been included in this study.

In the phase 1 study a vehicle control group as well as an untreated control group is included, however in
phase 2 only a vehicle control group isincluded. An untreated control group should also have been included since
the vehicle may contain some phytoestrogens, and the animals may be stressed by the treatment which may have
some impact on the results.

Member 4
The provisions for reference compounds (agonist and antagonist) are appropriate.

Member 5
Yes.

Member 6

There is no indication in the phase 2 annex 2 report how the positive reference control should be used. The
results of the phase 1 report should be included. The protocol of phase 2 (protocol for testing of unknown
chemicals) should include the indications how to use the reference control (storage, concentrations etc). There is
no reference for a negative control included. Indeed, only one non-active chemical has been tested during the test
evaluation! The protocol should provide a clear statement when a test can be judged as valid. This should be
dependent on the results of the control chemica s (negative and positive) whereby the body weight, as an indicator
for toxicological effects, must be taken into account.

Member 7

Vehicle and positive (ethinyl oestradiol) controls are included and detailed in the protocol (phase 2, protocol
C). Thefinal protocol should include a negative control (non-oestrogen agonist or antagonist), and details of other
“reference chemicals’ to betested in the assay so that the ability of alaboratory to perform the assay correctly can
be assessed. The results expected (means + SD, ranges) need to be included as “assay performance criteria’.
Typicaly, these would be defined before a validation study commences. Experiments where the data for the
controls and any other reference chemicals were outside the ranges deemed acceptable would be disqualified from
the subsequent analyses.

Member 8
Yes.

Observer 1
Comment: The protocols do not provide guidance on the use of control chemicals.
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d. Are the strengths and/or limitations of the Uterotrophic Bioassay adequately accounted for and described in the
protocols?

Member 1
Such asthey are, yes.

Member 2
Yes

Member 3

In the protocol, Annex 3 phase 1 and Annex 2 phase 2 | do not find any description of the strength and/or
limitation of the Uterotriphic bioassay. It is only described that “If chemical causing and increase in the weight of
the uterus thereby indicates that it has activity consistent with natural oestrogens. This description is considered
too limited. However, in the Background review document the strength/limitation is described in more detail
related to the immature versus ovariectomised rats, route of administration, strain differences, rats versus mice,
etc.

The difference in gene expression in young immature rats versus adult ovariectomised rats, and how this
could influence the results should have been discussed, since younger rats are shown to be more sensitive to
oestrogens/androgensiin early life.

One comment related to the use of immature rats is what about a litter effect on the outcome of the
uterotrophic bioassay. It should be mentioned that littermates should not be assigned to the same group, or to
include the possibility of litter effects as part of the statistical anaysis. One other small technicdly related
comment is to the use of immature female rats is that when using immature rats small weight changes in measured
insmall animals.

In the phase 2 study weak oestrogen antagonists were tested in the Uterotrophic bioassay, and they all showed
an increase in uterine weight at one or more of the doses tested. However, other weak partial agonist may only
increase the expression of early oestrogen regulated genes, which are not involved in cell division, and
consequently, no significant increase in uterine weight will be found, athough the weak agonist upregulate early
oestrogen regul ated genes.

Have to define performance criteria for data acceptance for uterotrophic results, such as a maximum uterine
control weight of 45 —50 mg in the immature rat and 16 — 18 mg in the immature mouse.

Member 4

The protocols and particularly the Background review document compile useful information on various
versions of the bioassay and procedura variables. Other than in the CRC-(printed) version, the cited literature
now appears to be compl ete.

With regard to protocol variables, I'm in favor of the recommendation (in Annex 2 of the Phase 2 report) to
store samples of the rodent diet for an analysis (if necessary in the case of questionable results of the bioassay).

Member 5
Yes.
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Member 6

The authors suggests to develop a tiered test strategy including in vitro and short term in vivo screening
methods such as the Uterotrophic bioassay for the detection of endocrine disrupters. However, it is not sufficiently
explained why atest chemical that has been shown to have a high affinity in a receptor binding test or a positive
result in atranscriptional test should be tested in the Uterotrophic test.

The route of administration seems to be another variable part in the protocol (different responses to selected
chemicals). Intravenous injection, intraperitonea injection, subcutaneous injection, intramuscular injection, oral
gavage, inclusion in the drinking water, food and dermal application have been described in the literature. On
page 61 of the detailed background review document it is stated that the route of administration of the test
chemical should be selected according to regul atory policy needs. However, only subcutaneous injections and oral
gavage have been tested in the validation study. Only these administration routes are thus available for regulatory
safety testing. Since it has been demonstrated that the route of administration is a sensitive part in the protocol the
validation study should have defined the route of administration before stating for which specific purpose a test
will be validated. A clear guidance has to be included into the protocol, which defines the route of administration
for certain applications or chemical classes. In addition, an unacceptable high amount of dead immature animals
have been observed after oral gavage administration of some test chemicals. The combination of oral gavage and
immature animals should be excluded. It has not been explained how to evaluate dead or morbid animals in the
stetistical analysis.

The Uterotrophic Bioassay aims to detect weak endocrine active compounds. In the critical review document
on page 484 it is written that there is sufficient variability so that some rate of false neg could occur with very
weak agonist. Even with a stricter standardization some variability amongst laboratories and technicians may be
expected.

However, the detection of weak estrogens will depend how the assay is performed (see comments above).
Discussionsif achemical should be classified as weak estrogen or not are foreseeable. The suggested solution just
to administer a higher concentration of the test chemical seems not to be a scientific solution since a very high test
concentration such as 1000mg/kg is coming close to a toxicological dose and will not reflect an environmental
exposure.

Since the tests aims to detect weak oestrogens e.g. environmental contaminants, the sensitivity and specificity is
relevant for this class of chemicals. It is highly questionableif this bioassay can deliver the required information.

Member 7
Limitations and potentia difficulties require better definition.

Member 8
Yes.

Observer 1
Comment: The fact that these are pre-validation protocolsis clearly and appropriately stated.
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e. Are there editorial/technical corrections necessary for the proposed protocol ?

Member 1

Under “Reporting Requirements’, the “Test animals’ section should contain a statement of how long the
animals should be ovariectomized before use, and should also state if thereis atime that is too long (e.g., “should
be ovariectomized for at least 14 days and no longer than 56 days’). Under “Test Conditions”,a record should be
kept of the batch of diet used (this is mentioned earlier in each protocol, but not listed in the “Reporting
Requirements’ section)

Member 2

Probably so, but that depends on what the group decides concerning changes in the protocol (e.g., comments
about strain differences, use of DES as a test compound, and suggestions by other members of the Panel). The
fina editorial comments should be done later.

Member 3

In the protocols for ovariectomised rats it should be described that a period of 14 days for uterine regression
should be included to obtain adequate responsiveness, and that the ovariectomy has to be monitored to ensure that
it is complete, for example by vaginal smears or observation of the ovarian tissue remnants at necropsy.

Member 4
Aside from typing errors, there is no need for major corrections.

Member 5
No.

Member 6
The protocols in the annexes of phase 1 and phase 2 report has to be reviewed and parts which are belonging
to study plans have to be rewritten

Member 7

Versions included with the phase 1 report are not definitive. Similarly, the example protocol in the phase 2
report cannot be considered adequate as a final protocol for use in a forma validation study (see omissions
outlined in previous sections), let aone sufficient as the basis for developing a new test guideline.

Member 8

No major problems. | wonder however whether a preference for either the immature or the ovariectomized
version could be given, even though the assay data show comparabl e results for both. Technical arguments (small
young animals versus larger adult with neccessary ovariectomy) and anima welfare (ovariectomy) and cost issues
have likely been discussed at some stage in the validation program.

As regards dosing, ora versus sc dosing may give different results in young vs ovariectomized adultsin view
of differencesin ADME. How (if at al) does the compound to be tested influence the protocol (age and route)
choice?

Observer 1

Comment: Yes. As noted above the protocols lack a description of procedures to be used for defining
starting test substance dose and dosing intervals. The prediction model or other data interpretation procedure is
missing from all protocols. Both needed in order to complete a useful protocol ao guideines to be used
generaly.




Responses for 20" October, 2003, teleconference

Other Considerations

Considering the need to employ the Uterotrophic Bioassay internationally, can the test method be readily transferred
among properly equipped and staffed laboratories. Specifically comment on the following:

a. Isthe Uterotrophic Bioassay relatively insensitive to minor changesin protocol ?

Member 1

This was actually found in the entire Phase 2 report, which does a great job of examining the effects of
procedura variation. Phase 2 does a remarkably thorough job of evaluating the responses from multiple labs, and
exploring the causes of variation. It is clear that a minima number of animals is used, such that any animal
mortality more than 1 anima/group measurably reduces the sensitivity of the test. Other than that, there is
consistency across laboratories and countriesin their ability to identify compounds that stimulate modest increases
in uterine weight. If one doesn't place great weight on the absolute values, this consistent response is quite
remarkable.

Member 2

From the materia presented it seems that the uterotrophic bioassay is relatively robust and can be used
internationally as long as the protocal is followed. | would assume that publication of reports using the assay to
test for estrogenic substances would be in peer reviewed journas and that only such information be used to make
fina decisions on risks related to putative estrogeni c substances.

Member 3

After going through the results from the phase 1 and phase 2 studies the Uterotropic bioassay is considered
relatively insensitive to minor changes in experimental conditions e.g. changes in animal strains, housing
conditions, bedding and vehicle used.

Considering the influence of diet it was summarised in the Phase 2: Dietary study that diets containing less
than 325 —350 pg/g Tota Genistein Equivalents (TGE) did not impair the responsiveness of the bioassay.
However, a study by Ashby, 2000 (APMIS 108: 805-813) indicated that undefined components (not
phytoestrogens) of the diets are eliciting estrogenic effects, of different magnitudes, via a common action on the
pituitary gland.

Member 4
Thereis good reason to assume that the test method is rather insensitive to minor changes in protocol and thus
can be readily transferred internationally.

Member 5
Relatively insensitive (means not very much sensitive) in respect of the same protocol in the outcome of
positivity sensitive regarding the different protocols.

Member 6

The term “minor changes’ should be more specified. Apparently the test is quite resistance with regard to
diet, strains etc. However, it is very important not to change crucial parameters of the tests such as the age of rats
etc. This should be more specified in the protocol/SOP.

Member 7
It would appear to be robust and relatively insensitive to minor changes, athough it is clear that some
laboratories had difficultiesin following the protocols as intended.

Member 8
[Secretariat: No reply received from panel member on this point]

Observer 1
[Secretariat: No reply received from panel observer on this point]
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b. Are there any patent or proprietary issues that will inhibit the use of the Uterotrophic Bioassay?

Member 1
No, which is one of the attractions.

Member 2
Not to my knowledge.

Member 3
I can not find any patent or proprietary issues related to the use of the Uterotrophic bioassay.
However, maybe, food to reduce background level is one.

Member 4
There is no reason to assume that any patent or proprietary issues would inhibit the use of the Uterotrophic
Bioassay.

Member 5
| did not find and do not know about.

Member 6
[Secretariat: No reply received from panel member on this point.]

Member 7
Do not appear to be any such issues.

Member 8
[Secretariat: No reply received from panel member on this point]

Observer 1
[Secretariat: No reply received from panel observer on this point.]
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c. Are the apparent level of training and expertise required to conduct the Uterotrophic Bioassay reasonable for
its wide use?

Member 1

Another attraction of this test is the large degree of response of the tissue, which contributes to its ease of
performance. Any secondary school student could do the dissections. The degree of response means that reliable
data can be obtained using a triple-beam baancein relatively primitive circumstances.

Member 2

The only part of the expertise required that worries me is the dissection technique. Standardizing where the
uterus ends and the cervix begins can be a problem as well as not losing some fluid when the uterine fat is
removed. The data presented suggest that an uterotrophic effect is found whether the measurement is wet-weight
or blotted uterus so the latter might not be too big a problem. However, as this assay becomes widely employed it
may become anissue. | think the drawings help and provide adequate instruction.

Member 3

| have not worked with the Uterotrophic bioassay in the lab, however, with my experience form working with
experimental animalsin toxicological testing | would consider that that the Uterotrophic bioassay could be widely
used. As with all new methods to learn, the best way is to visit alab who is well known with the method, and to
learn it there to avoid all pitfalls. The short duration of the Uterotrophic bioassay makes a visit to another lab less
complicated.

Member 4

The level of training required to conduct the Uterotrophic Bioassay and eval uate the gravimetric responses is
reasonable for its wide use. More training and expertise is needed for an evaluation of additional endpoints
(biochemical markers, histological changes).

Member 5

Yes. To perform the uterotrophic bioassay at least the persona need to know rat basic anatomy, must have
practice in ord gavage — this is the most critical point in unaccepted deaths — and must have experience in
removing tissues from animals. The previous things are thought to technicians in a few days, so the necessary
expertise and training is very reasonable. Animal care is the standard, nothing special, weight measurement again
isthe most basic necessary practice in either biological or chemical laboratories. Just a good team-work of three or
four people is enough.

Member 6

In light of the rather flat dose response curve of strong agonists and the resulting uterine weight increase, the
level of training is crucial to obtaining relevant and reproducible results. The present international situation for
availability of the necessary know-how and training does not readily support adoption of this protocol in any
|aboratory.

Member 7

Given the difficulties mentioned with some laboratories following protocols or submitting accurate data,
further training may be warranted. The inclusion of acceptable performance criteria for the assay in the protocols /
test guideline would be away to address this.

Member 8
[Secretariat: No reply received from panel member on this point]

Observer 1
[Secretariat: No reply received from panel observer on this point.]
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d. Are the necessary equipment and supplies relatively easy to obtain?

Member 1
Y es, another of the attractions of this assay.

Member 2
Yes, surgical instruments should be available in reasonably equipped laboratories. One item that should be
considered is calibration of scales. Scales should be cadibrated at |east once per year.

Member 3

Since | have no practical experience with the Uterotrophic bioassay in the lab it is not easy to comment on,
however, from the protocols it looks out not to be difficult for a lab to obtain al the necessary equipment and
supplies to perform the Uterotrophic bioassay.

Member 4
All the equipments and supplies required for the gravimetric Uterotrophic Bioassay are easy to obtain.

Member 5
Any laboratory willing to perform uterotrophic assay should have all necessary equipment even anima work
can be done in a standard air-conditioned laboratory not in continuous use. | think, easy and not expensive —in

absolute terms.

Member 6
[Secretariat: No reply received from panel member on this point.]

Member 7
It would appear so.

Member 8
[Secretariat: No reply received from panel member on this point]

Observer 1
[Secretariat: No reply received from panel observer on this point.]
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e. Isthe method cost-effective, relative to the cost of conducting other in vivo assays?

Member 1

This test ba ances the costs of animal procurement and housing with the real value of an in vivo response and
quite short exposure periods. While proponents of in vitro screens would argue that a transfected gene and
reporter system would be more cost effective, nothing takes the place of area responsein aliving system, so as a
second- or third-tier test, this oneis valuable and quite cost-effective.

Member 2
Yes

Member 3

| consider the method as cost effective, compared to other in vivo assays of longer duration. The Uterotrophic
bioassay is a short-time screening assay, measures few endpoints, and there is not necessary with high-cost
biotechnology equipment. However, on the other hand the bioassay is limited in endpoints studied.

Member 4
The method is cost effective, viewed either by itself or relative to other in vivo assays.

Member 5
Yes. We have experience in short-term and long-term (2 yrs) carcinogenicity assay followed by complete
histological examination of afew hundreds of mice and rats... comparing to that thisis very easy and cheap.

Member 6
[Secretariat: No reply received from panel member on this point.]

Member 7
Unable to comment.

Member 8
[Secretariat: No reply received from panel member on this point]

Observer 1
[Secretariat: No reply received from panel observer on this point.]
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f. Is the time needed to conduct the Uterotrophic Bioassay reasonable?

Member 1
Would that ALL in vivo tests were this short. Yes, it is delightfully short.

Member 2
Yes

Member 3
The Uterotrophic bioassay is a short time screening assay, and as stated in the protocols, the bioassay can be
performed during one weak.

Member 4
The Uterotrophic Bioassay itself is completed within a week; overall time including preparations (such as
ovariectomizing animals and awaiting decline of endogenous hormones) is till reasonable.

Member 5
Y es, using any of the four protocols, results can be get fast.

Member 6
[Secretariat: No reply received from panel member on this point.]

Member 7
In the context of a short-term in vivo assay, yes.

Member 8
[Secretariat: No reply received from panel member on this point]

Observer 1
[Secretariat: No reply received from panel observer on this point.]
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i. Has there been adeguate consideration and appropriate incorporation of animal use, refinement, and reduction
in the protocal, e.g., the group size of six animals?

Member 1

The Phase 2 report shows that anima mortality can significantly impair the ability of the test to identify
estrogenic compounds. It seems to be able to tolerate the loss of one animal, but losing more than 1 animal
appears to weaken the test. | agree with placing the number of animals such that the test is not compromised
criticaly by the loss of 1 animal (i.e., n=5 would be too few); the test needs to be sufficiently robust to be able to
lose an animal and not be critically compromised. Six seemsto be the right number.

Member 2

| was surprised that a sample size of 6 yielded relatively small standard errors about the mean responsesin the
test laboratories. This would suggest that an n of 6 yields adequate statistical power to detect a uterotrophic
effect. My estimate of sample size would have been higher.

Member 3

The statistically power is considered better when using higher number of animals in each dose group,
however, from table 9 it seems that 6 animals per group appears to be sufficient for detecting a 25-35 % increase
in uterine weight following exposure to the weak oestrogen agonistsin phase 2 study.

Following exposure to other weak partial oestrogen agonists, where a weak uterine response in achieved in
the lower portion of the dose-response curve, it is more likely to assume that a higher number than 6 animasis
necessary to obtain valid results.

However, to minimise the use of animalsis in line with the EU chemical policy, where the goal is to reduce
the number of animalsin toxicological testing.

Member 4
The group size of six animals per dose group is appropriate.

Member 5
Yes.

Member 6
[Secretariat: No reply received from panel member on this point.]

Member 7

In relation to a group size of 6, yes (statistical considerations well-documented). However, in the context of
continuing with both the immature and OV X models, then no. Given the inclusion of proper range-finding studies
in immature rats prior to undertaking a definitive study (which should prevent the deaths recorded in some
instances), then there is no justification for using a surgical procedure (ovariectomy) given that the conclusions of
phase 1 (and then phase 2) were that the overall performance of the two versions of the bioassay was
indistinguishable - both using the potent reference oestrogen EE and the five weak oestrogen agonists. Practical
reasons of timing in relation to the immature rats are not sufficient to condone the use of the OV X model when an
obvious refinement, the intact sexually immature rat model, is available. In the EU, if Directive 86/609/EEC
(animal protection legidation) is properly enforced, the OV X model would not be permitted. There are also issues
in relation to the incomplete removal of ovarian tissue with the OV X model.

Member 8
[Secretariat: No reply received from panel member on this point]

Observer 1
[Secretariat: No reply received from panel observer on this point.]




3" December, 2003 — Second Set of Peer Review Panel Responses
This section records all comments from the Panel Members and Observers for the Uterotrophic Validation
Peer Review on the second round of charge questions. These were discussed at the teleconference on
Wednesday, 3 December, 2003.

Test Method Data Quality and Sufficiency

Is there evidence that the data generated are of sufficient quality, including adherence to the protocol? This
might include evidence that the data were or were not generated in compliance with Good Laboratory
Practices.

Member 1

On the surface, yes, the data are of sufficient quality. | have not plowed through the GLP statements, but if
the GLP's are working as advertised, then it's down to trust, which is at the root of all science. Past that, there's
not much else we can do except trust that each lab is doing the work honestly and with integrity.

Member 2
Y es, there were some problems but they did not affect the overall evaluation of the compounds tested.

Member 3

The data generated in both phase | and Il are of good quality, i.e. more than sufficient! This is noteworthy in
light of concerns by some panellists how more or less strict adherence to protocols and procedura variations
might affect the outcome.

Member 4

Overall, yes the data are of sufficient quality. However, there are some cases where the study design was
compromised and instances of “missing data’. The ability of some laboratories to follow precisely the protocols
and submit accurate data is questionable. The laboratories were requested to comply with GLP guidelines, but not
all did so.

Member 5

My general impression is that adherence to the protocol was sufficient to alow for well-funded conclusions
about the results. The few data that were not entirely clear do not affect the overall usability of the complete
dataset.

Member 6

The generated data are of sufficient quality. The few instances of abnormal data are clarified satisfyingly.
However, Kanno et a (2003) stated that ....full GLP compliance was not a requirement for a laboratory’'s
participation in the validation program, and several Laboratories did not perform their studies under GLP. A
judgement if the study has been performed in compliance with GLP requires an in depth review of all
documentations of the participating laboratories.

Kanno et a (2003), Environ Health Perpect 111:1550-8

Member 7

Overadl, the data generated are considered of sufficient qudity, although some laboratories did not perform
the assay in compliance with Good Laboratory Practices. When suspect data was found e.g. in the phase 2 dose
response study for NP exposure with protocol B (lab 20) , it was found that the diet influenced the results. One
limitation in the phase-2 dose response study is that with protocol D only 2 |abs participated for the weak agonists
tested, and no negative control, such as DBP was included in the phase-2 study.

For some of the weak agonists tested the lowest dose that induced a statistically significant increase in uterine
weigh varied between labs e.g. BPA 375 and 1000 mg/kg with protocol A and 100 and 600 mg/kg with protocol
B, which emphasis the need for good skill and 1ab experience.

Member 8
| think carefully performed experiments with strict documentation may prove the data quality obtained. Any
laboratory procedures should be performed with detailed documentation and with care and precision.

Observer 1
There are indications some |aboratories had some problems adhering strictly to the protocol.
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Are the data provided in sufficient detail to evaluate the results and performance of the Uterotrophic
Bioassay for its proposed use? If not, what is specifically lacking?

Member 1

The VMG and the participating laboratories did an exhaustive job in conceiving of and performing and
analyzing experiments that were designed to evaluate the ability of this study design to be run in many different
laboratories in multiple countries and continents. As near as | can tell, ALL the data are summarized and
presented describing the variation of the assay when trying to find a potent estrogen, and when finding weak
estrogens, and estrogen antagonists. A thorough analysis of a couple of the most likely confounders is also
provided in one of the manscuripts.

So, you have an evaluation of how well it finds a strong positive, and the weak positives. The only thing
missing is a description of how the assay performsin response to other steroids, like androgens or glucocorticoids,
i.e., what is the false positive rate? The Owens and Ashby paper in Crit. Rev. Tox. mentions literature reports of
such activity, and while I’ll concede that this might be best evaluated by just a few laboratories, at SOME point it
will be useful to get a sense of the penetrance of false positives across many labs. A small —scale evauation will
be necessary; alarge-scale one would be nice but not necessary.

Member 2
Yes.

Member 3
The data are provided in sufficient detail to alow for an independent evaluation of results and assay
performance.

Member 4
Yes.

Member 5

For the chemicals studied, the data are provided in sufficient detail. It is particularly interesting to note that
the effective doses in the uterotrophic assay mirror those found in reproductive toxicity studies with different
designs. However, in spite of the vast amount of data generated, | have reservations about the generalization of the
results. Five positive compounds and one negative compound were tested, which is a low number in a formal
validation. One cannot conclude from testing one negative about the possibility in general of false positives,
compounds that may induce uterotrophy through a mechanism different from estrogenicity.

Member 6

The study design did not take the assessment of the performance sufficiently into account. Data on
antagonists, negative compounds, data over time for more than two time points per lab. (for severa substances),
on coded doses over time and on the relation of negatives control over time are lacking, as well as data for a
sufficient number of substances to assess the predictive capacity of the assays. An explicitly defined data
interpretation procedure/ prediction mode is lacking. It should have been complete by covering the death of
animals and aso the way to consider adverse events, e.g. loss of body weight. A final trial plan, which includes
e.g. the objectives of the validation study,, the study design or the data analysis, was not included in the
submission package if ever produced. It would have been substantia for following the reasoning underlying the
validation study and how the performance was planned to be proven.

Member 7

Yes, the data is considered provided in sufficient detail to evaluate the results and performance of the
Uterotrophic bioassay.

However, one limitation is that the various labs did not test the weak agonists at al dose levels in the phase-2
dose response study.

Member 8
Yes.

Observer 1

Generally not. It would have been far more straightforward to present actual uterus weights and uterus weight
change rather than relative weight change ratios. Graphics showing dose response curves with error bars would
have been better than tables. A significant omission is that ratios are reported without baseline data. The
presentation and analysis of the between laboratory reproducibility and the consequence of high between
laboratory variability on the predictive capacity of the test isinsufficient (see attached supplementa analysis).
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Test Method Performance

Were the characteristics of the test substances selected adequate to demonstrate the performance of the
Uterotrophic Bioassay for its intended use as an in vivo screen for oestrogen agonist and antagonist
activity?

Member 1

The range of compounds chosen was appropriate to show that estrogenic compounds would increase weight,
but it was inappropriate to show that every compound that increases weight IS an estrogen. (All eephants are
grey, but not everything that is grey is an elephant). It was nice to have a compound that was metabolically
activated to a more potent agonist (MX). The selection criteria as summarized on pg 20 of the Phase 2 report are
reasonable and appropriate. It's vauable to have a body of pre-existing data showing estrogenic effects at
multiple levels, from receptor binding through to multi-gen studies. The main effect of this is to add credibility
and alarge dose of context to the results of the uterotrophic results under discussion. An additiona benefit of this
particular group is that there is one plant-derived phytoestrogen, one long-term environmental contaminant
(DDT), and several in significant current use (BpA, BP, and DBP).

We can conclude from this selection that it will find estrogens, but a uterotrophic response alone will not tell
us that the chemical in question is an estrogen; we need receptor-binding data to distinguish between an androgen
and an estrogen.

Member 2
Yes.

Member 3

The test substances cover a wide spectrum of characteristics in terms of potency, metabolism
(bioactivation/inactivation), and lipophilicity; thus the selection was adequate for investigating the usefulness of
the UT as a screening assay.

Member 4

At present, the collated database on chemicas tested in the validation study is extremely limited, i..e.
essentidly it is EE (potent agonist), ZM (antagonist), DBP (negative control) and the 6 weak oestrogen agonists
tested in phase 2. Thisis amagor weakness when trying to take a definitive decision about the validity / regulatory
testing application of the bioassay in a much wider “general chemicals testing” context. There is limited coverage
of chemicals of different classes, and extremely limited coverage of test substances with different activities (even
in respect to clear non-oestrogenic and anti-oestrogenic chemicals). Given the potential for false positives, and the
manner is which tests can be used / “abused” in aregulatory context, | would have more confidence in the validity
/ interpretation of the bioassay data if the database could be extended to include severa more relevant substances
for which developmental toxicity / multi-generation study data are already available for comparative purposes.

Member 5

For the estrogen agonists, the five compounds tested show good results. We do not have sufficient data to
decide about possible fa se positives. For the estrogen antagonists also only one compound was tested. In view of
the fact that antagonists are specifically tested for their interaction with an estrogen-driven uterotrophic response |
have less reservations about false positives among antagonists, athough formaly, only one compound tested is
clearly less than ided for a validation study.

Member 6

The mere number of test substances was not selected adequately to address the performance of the assay. As
only one antagonist was tested at one time point, only the feasibility of the assay to screen for antagonists was
shown. Furthermore, the specificity was not adequately considered, so that no conclusion about false positive can
be drawn (lacking of an adequate number of neg. substances).




Responses for 3" December, 2003, tel econference

Test Method Performance

Were the characteristics of the test substances selected adequate to demonstrate the performance of the
Uterotrophic Bioassay for its intended use as an in vivo screen for oestrogen agonist and antagonist
activity?

Member 7

Y es, the characteristics of the test substances selected were adequate to demonstrate the performance of the
Uterotrophic bioassay for its intended use both for weak agonists and antagonists. However, maybe more than one
negative substance (DBP) should have been included in the evaluation of negative results.

Since humans are exposed to more than one weak oestrogen every day at low doses, this issue could have
been addressed, since the focus on exposure to mixturesis an increasing issue.

Member 8

Selection was correct for the chemicals especialy because also chemica's were selects which showed to have
positivity in the previously performed uterotrophic assay. | think that in vivo testing is necessary for those (new)
chemicals also where no direct receptor binding was proven because of the possible “metabolisation”. In the
VMG-NA it was decided that for in vitro tests no metabolizing system

will be used (because metabolic modification produces a new substance). In these cases Protocol A (per 0s)
application is necessary.

Observer 1

No. The overall number of test substances is too few. The number of negative test substances tested is too
few (testing only one negative substance is ridiculous). See references (1-4) for guidance on test substance
selection for validation studies. [these references have been inserted immediately below by the Secretariat for
reader convenience]

The number of chemicals used to assess the test's capacity to predict oestrogen antagonistsistoo few.

1. BallsM et d. Practica aspects of the validation of toxicity test procedures. Alternatives to Laboratory Animals
1995;23:129-47.

2. Bruner LH et a. Vaidation of alternative methods for toxicity testing. In: Marzulli FN, Maibach HI, eds.
Dermatotoxicology. Washington, DC: Taylor and Francis, 1996:579-605.

3. Bruner LH et a. Aninvestigation of new toxicity test method performancein validation studies: 1. Toxicity
test methids which have predictive capacity no greater than chance. Hum.Exp.Toxicol. 21[305], 312. 2002.

4. Bruner LH et d. Aninvestigation of new toxicity test method performancein validation studies: 3.
Sensitivity and specificity are not independent of prevalence or distiribution of toxicity. Hum.Exp.Toxicol. 21,
325-334. 2002.
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Does the selection adequately represent the types of substances for which the test method is proposed to be
used? Isit then appropriate to generalise the performance of the method for all test substances or are there
important limitations on the applicability of the Uterotrophic Bioassay to certain test substances?

Member 1

A priori, it would seem that ANY chemica is a potentia candidate for being tested in the Uterotrophic
Bioassay (UB). However, on further reflection, not every compound will likely be put through this assay: The
Kanno phase 1 paper in EHP describes on the first page that the UB is meant to be part of atier of increasingly
complex and definitive assays, with the first step in this process being some sort of SAR method, followed by a
receptor binding assay, and (in alogical world) only those compounds that give some signal in both of those will
likely go on to further testing in the UB. This will likely limit the list of potential candidates to those with some
aromatic function, and within a certain molecular weight range. While it might have been ideal to have included
some weak estrogens that are structurally very different from the majority of those tested here, or perhaps some
strong and weak androgens this assay is alowed a little lattitude by virtue of it being used in conjunction with
SAR, ER binding, and multigen data, so any erroneous signals that come through will be checked and checked

again.

Member 2

Yes, but it is hard to say that al estrogenic substances in the future will be detected by the uterotrophic assay.
Results from other assays, such as the MCF-7 cell proliferation assay, should continue to be considered when
those data are available. For example a recent study by Howdeshdll, et al. (EHP, 111(9): 1180-1187, 2003)
suggests that Bisphenol A can be detected at lower concentrations using the cell proliferation assay than using the
uterotrophic assay.

Member 3
The compounds chosen represent typical environmental chemicals for which the test is proposed to be used.
Interestingly, the test method also performs well with “surprises’, such as cadmium (Johnson MD et &, 2003,
Nat. Med. 9 (8), 1081-4 and comment by Safe S (2003) ibid, 1000-1001).

Member 4

I was unable to find any definitive statement in the test protocols indicating which types of substances the
bioassay is meant to be used with.

If the assay is meant to be generally applicable to testing any chemical to determine whether it demonstrates
oestrogenic (or anti-oestrogenic) activity, then | consider that the underpinning database is still insufficient (see
comment above), and the proposed use of the assay in a battery or testing strategy approach is still insufficiently
well-defined, to enable a decision about its overall validity (predictive performance) for regulatory testing
purposes to be made at this stage.

Insufficient substances have been tested in the actual validation study to draw any conclusions about
limitations on the applicability of the bioassay to testing certain types of chemicals. However, overall experience
with the bioassay outside of the validation study, suggests general applicability for oestrogen agonist and
antagonist activities.

Member 5

See above. All depends on how this assay is used in atiered approach. For compounds that have been tested
in an in vitro estrogen receptor activation test, the data strongly suggest that the uterotrophic assay will detect a
uterotrophic effect. For compounds for which estrogenicity in vitro is unclear, it cannot be excluded that the
uterotrophic assay gives a false positive response.
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Does the selection adequately represent the types of substances for which the test method is proposed to be
used? Isit then appropriate to generalise the performance of the method for all test substances or are there
important limitations on the applicability of the Uterotrophic Bioassay to certain test substances?

Member 6

The selection does not represent the types of substances for which the test method is proposed to be used.

The test chemicals have been selected i.e. due to their positive in vitro results (Kanno et a, 2003; Kanno et
al., 2003a). However, the advantage of the Uterotrophic test in comparison to in vitro methods is the presence of
metabolism and other parameters related to toxicokinetic. Since no chemicals have been selected that needed a
first pass effect to be activated the test cannot claim to be able to detect also “proestrogenic” compounds. The
same scenario holds true for chemicals that are very quickly eliminated before they start to act.

The negative compound has been selected due the neg. activity in the uterine estrogen receptor binding
study and in vitro toxicological studies, including gene activation profiles (Kanno et al, 2003). However
there are some evidences that also DBP has a weak oestrogenic potential in vitro (Harris et al., 1997,
Jobling et al., 1995) and in vivo (Ohtani et al., 2000; Tollefsen et al. 2002). This should be at least discussed.

The experimental set up does not allow to provide more detailed information of a chemical with specific
modes of action such as tamoxifen. Due to the lack of an endogenous oestrogen source the partial agonist and
antagonist potential of a chemical cannot be identified.

Kanno et al. (2003) Environ Health Perpect 111:1550-8
Kanno et al. (2003a) Environ Health Perpect 111:1530-49
Harris et d. (1997) Environ Health Perpect 105:802-11
Jobling et a. (1995) Environ Health Perpect 103:582-7
Ohtani et d. (2000) Environ Health Perpect 108:1189-93
Tollefsen et a. (2002) Mar Environ Res, 54:697-701

Member 7

Since the Uterotrophic bioassay is a robust screening method, there is not considered to be great limitations
on the applicability of the bioassay to certain test substances. However, concerns arise when test substance only
activate the expression of early oestrogen regulated genes not involved in cell division.

The bioassay has also limitationsin detecting weak oestrogen antagonists.

Member 8

My opinion is that there is no “general method” in biology, in endocrinology, etc. The in vivo uterotrophic
assay — using both po and sc application —is able to detect even weak estrogen agonists and antagonists if tested
in pure form. In multicomponent systems | would require the testing of the components one by one and the
compl ete mixture together. For limitations see above this page.

Observer 1

No. The reference set of test substances contained an insufficient number of negative test chemicals (1-4). It
is premature to make general recommendations regarding the utility of the test for use in as a screen for
uterotrophic effects of chemicals. [references are bel ow previous question — Secretariat]
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Was the use of the test substances in dose response experiments adequate to demonstrate the toxicol ogical
performance of the Uterotrophic Bioassay for its intended use as an in vivo screen for estrogen agonist and
antagonist activity? If not, why not?

Member 1

The biggest question, after “Will this test find estradiol as positive?’ is “How sensitive and consistent is the
test at finding weak estrogens?’, because most of the new compounds that will be found by thistest are very likely
to be weak. | thought this validation effort was outstanding at really exploring the variation across labs using a
number of weak estrogens from a modest variety of classes. There was significant exploration of the LOAEL, and
thoughtful discussion of the meaning of the variation across labs for this measure. While there is more variation
than one would ideally hope for, there aso is not more than one would expect to see for something like this. That
is, ANY multi-lab and multi-national effort will have significant variability, and this is no exception. The good
news is that the mgjority of the assays were consistent with each other in reporting relative potency of the
compounds for increasing uterine weight (again the androgen issue means that we're finding uterotrophic
compounds, we're not finding only estrogens).

Member 2
Yes.

Member 3

The dose response experiments indicated that the UT-assay can distinguish between strong, intermediate and
weak agonists and/or antagonists and therefore adequatel y demonstrate the toxicological performance.

From atoxicologists point of view it seems highly desirable to obtain more data points, including some in the
lower range of a dose response curve to adlow application of benchmark modelling in the future (see comment
below on allocation of animals to dose groups).

Member 4

The data on the weak agonists summarised in Table 12 of Owens & Ashby (2002) show the predictivity of the
uterotrophic bioassay for these 6 substances. | would like to see this table extended to include other data that may
already be available for additional chemicals tested outside of the validation study, to support a weight of
evidence.

It is clear that the uterotrophic bioassay is not necessarily predictive for the dose at which oestrogen-rel ated
responses were observed in developmental and multi-generation studies. | do not consider this unsurprising, given
the likely different sengitivities of the assays. This does not negate its use as a predictive tool if this can be
adequatdly established.

Member 5
Dose-responses are sufficient for supporting the conclusions about the (anti)estrogenicity of the compounds
tested.

Member 6

Assuming the toxicologica relevance of the endpoint, there is only one antagonist, which was tested at one
time point and only in two concentrations. Therefore, the toxicological performance for antagonists remains
largely unknown. Furthermore, its use in screening cannot be assessed, as the assays sensitivity has not been
addressed in sufficient detail.

Member 7

Overadl the use of the test substances in dose response experiments were adequate to demonstrate the
toxicological performance of the Uterotrophic bioassay, however, one limitation is that the various labs did not
test the weak agonists at the same dose level s that were recommended.

Member 8
Yes, it was adequate.

Observer 1

No for two reasons. 1) The dosing regime was specified to the laboratories. This procedure controlled an
important source of between laboratory variability in a study designed to test the between laboratory
reproducibility of results and predictions! 2) There were no negative chemicals tested in the dose response studies.
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Comment on the adequacy of the statistical/analytica methods used to evaluate the performance of the
Uterotrophic Bioassay.

Member 1

Joe Haseman is one of the world’s best statisticians, and his grasp of how to handle numbers, and what tests
to use for which purpose, is unpardleled. This is realy out of my area, | can only say that it appears that the
appropriate things were controlled for, and the right things were analyzed for (variance, outliers, confounders).
While I would have liked to have seen some indication of significance for measures other than just the organ-to-
body weight ratio, it appears that the statistics were done appropriately.

Member 2
Seems fine to me.

Member 3
All statistical methods used were adequate to analyse positive/negative responses at a given dose level and to
evaluate the overall performance.

Member 4

The data analyses were undertaken independently of the participating laboratories by professional
dtatisticians experienced in analysing data sets submitted by very many laboratories. A more standard data
submission process, agreed between the statisticians and the participating laboratories in advance of the testing
part of phase 2 of the validation study (and subsequently adhered to), might had facilitated the overall data
management.

Statistical methods and considerations have been well-documented. They should aso be incorporated into the
revised test protocol(s) for the bioassay, and in any future test guideline.

Member 5
No specific remarks, the analysis appears adequate.

Member 6

The statistical methods are adequate. As the ANCOVA includes the bodyweight, which can be effected by
toxic effects of substances, the impact of this dependency in the model could have been discussed. The primary
results of the ANCOVA could have been reported. A clear statement of the PM/DIP, which should be complete
with regard to adverse events, would have been helpful. Due to the overall study design, i.e a limited set of
substances, afinal assessment of the performance in terms of predictivity cannot be done.

Although not asked for but considered a very important: It remains unclear how the study was designed and
who was involved. A document explaining how the aims of validation are addressed in the study design should
have been produced/provided.

Member 7
No comment.

Member 8
| am not experienced in statistics over SD, SEM, or regression andysis. As | see careful anaysis was
performed in many points of view.

Observer 1

| have received data tables, but have not yet received the statistician's reports. 1t would be helpful to see the
statistician's assessment of results from the study.

The data analysis provides an inadequate assessment of the between laboratory variability in weight change
and the consequences of the observed variability on the predictive capacity of thetest. Between laboratory CV of
uterus weight change runs in the tens to hundreds of percent. The effect of this high level of between laboratory
variability on the predictive capacity of the test has not been adequately addressed (see attached supplemental
analysis for an example of what is needed).

The use of the ANCOVA procedure is most likely inappropriate since a spot check of the data suggests the
assumptions (regression of uterus weight on body weight and paralelism of the regression lines between doses
(see Sokal and Rolf ((5)) are not met. (see figure 8 in attached supplemental analysis.

It should not be assumed that labs who did not test all doses would have achieved statistical significance.
Their reported predictions should be classified negative.
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Based on the Submission Package, are results of Uterotrophic Bioassay relevant and predictive for possible
oestrogen agonists and antagonists?

Member 1

The data which are reviewed in the Background Document (ppl102-107) do a good job of reviewing the
estrogenic responses of these compounds. It is clear from this review that these compounds clearly DO act like
weak estrogens in vivo, based on a number of different endpoints (the most sensitive of which generdly is
developmental). From this comparison, one might conclude that developmental exposure would be a preferred
design, but comparison shows that uterotropism occurs within an order of magnitude of the developmentally-
active doses, which suggests that the UB will effectively identify uterotrophic compounds for further testing, and
prove activity in vivo, which is the intent of the test. It has not been shown to distinguish estrogens from
androgens or glucocorticoids.

Member 2
Yes.

Member 3

The results obtained in phase | and Il show already that the bioassay is relevant and predictive for oestrogen
agonists and antagonists.

In addition to many papers cited in the background document, also the long and successful use of this
bioassay in the screening of pharmaceuticals with such hormonal activities can be considered in this context.

Member 4

The information in the Submission Package generally provides support for the hypothesis that the results of
the uterotrophic bioassay are predictive for potentid strong and weak oestrogen agonists. The
performance/relevance for anti-ostrogens cannot be properly assessed at this stage on the basis of the data for a
single antagonist in phase 1. The database needs to be expanded (see earlier comments), to include a couple of
oestrogen antagonists and a couple of negative substances as a minimum, to fully address the predictivity of the
assay for possible oestrogen agonists and antagonists. These could be data from a single laboratory
(reproducibility has already been fully assessed) obtained using the current bioassay protocol(s).

Member 5
Yes, for the specific compounds tested there is a good correlation with other in vivo data. But see remarks
above about false positives and relatively few chemicals tested.

Member 6

The Uterotrophic Bioassay seems to be basically predictive for oestrogenic agonists, athough the number of
substances is limited. Again, information on its specificity as well as for antagonists is not sufficient to assess the
relevance and predictivity in this sense. It needs further discussion if the test is meaningful for weak oestrogen
agonists since the used dosage were in the range of toxic concentrations. The deaths in different experiments as
well as other signs of toxicity have not been taken into account. The interpretation of the results will be even more
difficult if one has to take into account the presence, in an intact female organism, of oestradiol (i.e. compounds
with partial agonists activity like tamoxifen).

Member 7

Overdl, the results of the Uterotrophic bioassay were relevant and predictive for the weak agonists tested
when the uterotrophic data was compared with available reproductive and developmental toxicity data. For BPA
an increase in uterine weight was observed in the phase-2 dose response study, however, there was some
variability between the labs concerning the actual dose at which statistically significant was first achieved. Other
endpoints for measuring an oestrogen mode of action such as mammary gland dysegenesis and luminal epithelia
cell height are reported to be more sensitive for BPA. Effects on these endpoints are indicated to be induced at
BPA doses |ower than the BPA doses inducing oestrogen mediated effects in multiple generation studies.

Since only one oestrogen antagonist was tested, limited information is available concerning the relevance of
testing oestrogen antagonists especial weak antagonists with the Uterotrophic bioassay.
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Based on the Submission Package, are results of Uterotrophic Bioassay relevant and predictive for possible
oestrogen agonists and antagonists?

Member 8

Yes, predictive and relevant if using both po and sc methods. Estrogen antagonists with weak activity is hard
to detect but | do not know if weak antagonists (with approximately two orders lower activity) had any biologica
significance for humans. Their persistent appearance in the Nature (water, soil) may effect the devel opment of the
non-mammalian species. Thisis another section of EDTA.

Observer 1

Relevance: | defer to the endocrine experts on the committee to make the relevance assessment.

Predictive capacity: the consequences of the high between laboratory CV of uterus weight change and in
controls needs further assessment. See attached supplementa analysis for example of the type of analysis that
should be done for the full study.
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Does the Submission Package adequately support the utility of the method for regulatory use in hazard
assessment of chemical substances that may have the potential to act as oestrogen agonists and/or
antagonists? If not, why not.

Member 1

The Submission Package shows that alarge group of laboratories will obtain generally the same answer when
they test the same compound using the same method. These data do support the use of this test to identify
compounds that may increase uterine weight (which should be distinguished from estrogenic, because androgens
will increase uterine weight), and when used in conjunction with receptor binding tests, can identify weak and
strong estrogens. Thistest aone should not be used to assess risks from human exposure to these compounds.

Member 2
Yes, but this should not be interpreted that only the uterotrophic assay is effective nor should it prevent
continued research on assays.

Member 3

Data given in the Submission Package indicate that the UT-assay is useful for detecting chemicals that are
potential oestrogen agonists/antagonists. This is further supported by additiona published data on other
(environmental) chemicas with such hormonal activities. The method is thus adequate for regulatory use in
hazard assessment.

Again: From atoxicologists view it is highly desirable to obtain more data on dose responses, namely in the
lower range of a curve to alow application of benchmark modelling in the future (see comment below on
allocation of animals to dose groups).

This view may not be shared by others, as also indicated by ongoing discussions on the regulatory use of data
from this bioassay (e.g. merely qualitative or quantitative as well).

Member 4

The underpinning database needs to be supplemented (see previous comments).

Given the probability of false positives (issues linked to specificity), there is a clear need to establish and
agree defined processes for data acceptance and interpretation, and the way in which the assay would be used in
any test battery/strategy approach (weight of evidence assessment) before it is implemented for routine regulatory
use for identifying potentia oestrogenic-related hazard.

Member 5

One hasto consider the additional contribution of this test over in vitro estrogen response tests, and weigh
this against possible disadvantages. The main additional value of the uterotrophic assay isitsincorporation of
aspects of ADME, its main disadvantage is the uncertainty about false positive outcomes. With ADME being
critical, it should be stressed that only the relevant route of human exposure should be tested, which in most cases
would not be subcutaneous administration (although this being a hazard characterization one could argue that the
most sensitive route would be indicated, but this would take away the advantage of the ADME argument).

In atiered approach, the Background Review places the test between in vitro tests and more elaborate in vivo
tests, for prioritization of further testing. | agree that thisis the optimal place for the uterotrophic assay. One could
however question whether the test is necessary if one hasin vitro estrogenicity data and information about ADME
from other studies, which may often be the case. In such cases, in view of reduction of animal use it would not be
appropriate to do a uterotrophic assay.

Member 6

The study can only claim to identify direct acting oestrogenic agonists. Due to the lack of a sufficient number
of negative reference test chemicals the predictive power of thistest cannot be judged.

Nothing can be said about the uterus growth that is stimulated by a different mode of action such as
androgens, progestin and growth factors. A positive result in the uterotrophic assay cannot lead to the conclusion
that the tested chemicd is an oestrogen agonist. This can only be done in combination with in vitro test but since
the advantages of the uterotrophic tests (metabolism and toxicokinetics) have not been used in the validation study
there is no need to use the uterotrophic test for regulatory use at this stage.
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Does the Submission Package adequately support the utility of the method for regulatory use in hazard
assessment of chemical substances that may have the potential to act as oestrogen agonists and/or
antagonists? If not, why not.

Member 7

An increase or decrease in the uterine weight implies that there has been an exogenous source of
oestrogen/antioestrogen exposure. Such data can be used in hazard assessment, however, for deriving N(L)OAEL
values to be used in the risk characterisation for workers, consumers or indirect exposure from the environment
the NOAEL values have to be derived from more definitive studies i.e. multi-generation studies or devel opmenta
studies.

Member 8

Yes, in case of testing estrogen antagonists | would recommend more concentrations of the estrogen
stimulation. 1 mean for oral administration one dose over 3 microgram/kg/day and for subcutaneous
administration lower than 0.3. microgram/kg/day in case of testing low activity (weak) estrogen antagonists.

Observer 1

No. Additiona analysis of the results should be conducted. The poor between |aboratory reproducibility may
limit the utility of the test. This finding needs further assessment. The appropriateness of using ANCOVA should
be checked.
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Determination of Test Method Reliability (Repeatability/Reproducibility)

Have the intra- and inter-laboratory reproducibility of the Uterotrophic Bioassay been adequately evaluated

a. Taking into account the need to balance the use of resources and the generation of data, comment on the adeq
inter-laboratory reproducibility of the test method?

Member 1
Using 21 laboratories to test inter-lab variability constitutes, in my opinion, a sufficient test of the robustness of the assay
less variance, with little clear pattern. In short, the variance between labs is about what we would expect. In the context of using
this variability should not be limiting. As long as no regulation (i.e., acceptable environmental exposure levels) will result f
variability should not cripple the use of the assay.

Member 2
Yes.

Member 3
Yes. (and below - comment on allocation of animalsto dose groups).

Member 4
Reproducibility has been “over-assessed” (considerably more laboratories than actualy needed to make an objective ass
reproducibility), thereby complicating the study unnecessarily and not making most effective use of the resources available. The
reproducibility / transferability at the expense of sufficient chemicals being tested in the validation study to fully assess the prec
bioassay.

Member 5
Y es, the evidence on reproducihility is quite convincing from the data.

Member 6

Intra- and inter-laboratory reproducibility information is unbalanced: On the one hand information on intra-lab reproduci
concentrations) identical experiments were reproduced in time. Only for EE (2 concentrationg/protocol) more than two rt
information on antagonists and non-oestrogenic substances. Lab related effects, e.g. due to their experience, are not discussex
protocols and therefore also the reliabilities of the results differ. Three time points for several substances and/or concentrationsw

On the other hand inter-laboratory reproducibility was considered excessively, but unbalanced with regard to protocols. Ar
saved alot of resources (i.e. 7200 animals in the whole vaidation study) by balanced approaches and simplified comparison.
reproducibility, optimally with a confidence interval, would have allowed for a more comprehensive and comparabl e eval uation.

Member 7

In the phase 1 study with the reference oestrogen EE there was acceptable agreement among laboratories (n = 19) with re
significant responses were obtained for a given protocol.

In the phase 2 dose response study the reproducibility of the dose response among laboratories (n = 20) was good, despite
e.g., strain, diet, housing, protocol, bedding, vehicle used, and technical experience. However, there was some variability
statistically significance was first achieved, especialy for BPA with protocol A and B.

As mentioned earlier, the different weak oestrogen agonists was only tested in 2 labs with protocol D which limits the inter-|

Member 8
As| wrote | am not a statistician, but reading the phase 2 report, | fed that adequate and careful analysis was performed.

Observer 1
The conseguence of the between laboratory variability observed in the study on the test's predictive capacity has not yet bes
above and attached supplemental analysis. It should not be assumed that |aboratories who did not test al doses would have react
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b. Taking into account the objective of providing a Test Guideline that can be used widely and
internationally allowing the necessary flexibility in the selection of strain, diet, bedding, vehicle, and
other conditions? Is there evidence to support that these differences significantly affect data quality
(reproducibility, sensitivity, etc)?

Member 1

The paper evaluating the level of phytoestrogens in the diet was very useful, and even more-so as it sheds
some possible explanatory light on previous reports unrelated to this current effort. The authors of these papers
chose not to evauate the variability induced by bedding or diet because of the essentia uniformity of the
response. Given more time and resources for such an exam, it might have been instructive to have examined the
responses from each lab, to determine if one type of bedding consistently was associated with increased or
decreased responses, for example, even within the “normal” range. The lack of such an evauation is not a
problem, but some interesting and possibly useful relaionships might have been uncovered with such an
evaluation.

So, there ARE data to show that diet composition may affect the responses; there are no data to support the
importance of bedding or vehicle, but these were not strictly evaluated.

Member 2
Y es, there was remarkabl e consistency.

Member 3

Many panel members (including myself) consider the flexibility of the Test Guideline allowing e.g. either use
of immature or ovariectomized rats as an advantage. But, in light of data presented recently by Ashby (at the
Workshop on Low Dose Effects of Endocrine Active Compounds. 20.-22. November 2003, Berlin) that high
caloric intake can apparently advance puberty, the immature rat version seems less robust to interference unless
food intake is restricted and/or age at treatment is kept narrow (early enough before puberty).

Other conditions:

Doses: This pandlist, if given a choice how to allocate a given number of animals (e.g. n = 30) to treatment
groups, would prefer to have 5 dose groups (of n=6) rather than 3 dose groups (of n=10) simply because a design
with more than just 3 doses would make the results (of this and any other assay) more relevant for human hazard
assessment.

Route: Subcutaneous and oral dosing are both suitable for hazard, athough ora administration is more
relevant in quantitative terms.

Member 4

The potential major sources of variability have been identified and investigated in parallel with the validation
study and the outcomes reported. These findings need to be documented in the standardised protocol(s) and
referred to in any test guideline, such that they can be controlled and any potential impact on data quality and
interpretation minimised, by the testing laboratory.

The inclusion of a couple of standard / reference chemicals in any future test guideline, accompanied by
criteria for data acceptability, would provide a means to determine that a laboratory was performing the assay
correctly and that any flexibility due to protocol differences was not significantly impacting on data interpretation
and the conclusions made.

Member 5
Except for the high phytoestrogen diets, which were clearly addressed in the study, there do not seem to be
major factor affecting the results, given that the protocol is used properly.

Member 6

There is no evidence that these variables affect the reproducibility. However, for an optima assessment of
these parameters the study should have been designed taken these variables into account. E.g. 10 of 14 labs have
taken corn oil as vehicle and only 1 lab has used sesame oil 1 |ab has used peanut oil and 2 labs have used olive
oil. The variables should be more balanced in order to do an optima evaluation. Nevertheless, an analysis
showing the effect of these variables on the parameters variability and thus on the sensitivity is lacking.
Additionaly, an analysis linking the level of experience of labs, which might be confounding with regard to
sensitivity and comparison of protocols, could have been useful.
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b. Taking into account the objective of providing a Test Guideline that can be used widely and
internationally allowing the necessary flexibility in the selection of strain, diet, bedding, vehicle, and
other conditions? Is there evidence to support that these differences significantly affect data quality
(reproducibility, sensitivity, etc)?

Member 7

The levels of phytoestrogensin the diet may influence the reproducibility and sensitivity of the test, especialy
for immature rats which eat more on a body weight basis than ovariectomised rats. The level of phytoestrogensin
the diet should be controlled.

The technical skill may also affect the reproducibility and sensitivity of the test.

Member 8
No real strain-, bedding-, vehicle-specific differences were found, in case of testing really weak estrogen
agonist the phytoestrogen content should be kept low.

Observer 1

First question isunclear.

Second question: Y es, the causes of high between laboratory CV of uterus weight changes (tens to hundreds
of percent) need to be assessed.




Responses for 3" December, 2003, tel econference

¢. Was the reproducibility of the test method adequately evaluated using coded (blinded samples)?

Member 1

The VMG did agood job in setting up the evaluation by using blinded samples and providing a thorough and
specific protocol. This is the best way to perform a rigorous evaluation of a method like this. It addresses the
guestion: what is the inherent variability of a method across labs when everyone is being told to do the same
thing? Thisis the base from which all evaluations must begin.

Member 2
Yes.

Member 3
Yes.

Member 4
Yes. Test chemicals were selected, coded and distributed independently of the participating laboratories.

Member 5
Yes.

Member 6

At least information on two tests on blinded samples should be carried out to assess the reproducibility to a
sufficient extend.

Thus the intra-laboratory reproducibility is not satisfyingly shown. Additionally, the inter-laboratory
reproducibility could be biased by the laboratories experiences and/or for the protocols.

Member 7

The phase 2 coded single-dose studies were performed in 16 labs, and overall for each protocol, the mean
relative increase in uterine weight was reproducible within and among labs for both the dose-response and coded
single-dose studies with each test substance. However, one limitation in the evaluation of the results from protocol
A was the high mortality observed with this protocol, that decreased the power of the test. Furthermore, a decrease
in body weight gain was observed with various protocols and agonists, indicating that the maximum tolerated
dose had been exceeded.

Member 8
Yes.

Observer 1
The data suggest the between laboratory reproducibility is poor (between laboratory CV tens to hundreds of
percent) see previous comments. The effect of poor between laboratory reproducibility needs to be fully assessed.
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d. Considering the variability inherent in al chemical and biological test methods, are the results obtained
with the Uterotrophic Bioassay sufficiently repeatable and reproducible?

Member 1

In short: Yes. Thelonger | am in science, the more impressed at the lack of replicability thereisin any data
set... i.e, how “squirrely” the changes are that we report. The data set reported by this group is no surprise. There
is greater variation than we would all hope for, but not really an exceptional amount. This variation is neither
better nor worse than other large data sets that are widely available.

Member 2
Yes.

Member 3
Yes.

Member 4

Yes. Overall, reproducibility appears to be satisfactory.

“Normal” assay variability may underpin the generation of “false positives’ and it is this issue that has to be
addressed through provision of guidance on data acceptance/interpretation in relation to an overall assessment of
the oestrogenic effects of atest substance.

Member 5
Yes.

Member 6
The basic biological variation in terms of CV is low for a biological test method. If the
reproducibility holds true over time and over substances, it seems to be sufficient.

Member 7
Overall the Uterotrophic bioassay is considered a sufficiently repeatable and reproducible
due to the test method’ s robustness.

Member 8
Yes.

Observer 1
Perhaps not. As noted above the consequence of the between laboratory CV in uterus weight change on the
predictive capacity of the test needs further assessment.
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Other Considerations

Considering the need to employ the Uterotrophic Bioassay internationally, can the test method be readily
transferred among properly equipped and staffed laboratories. Specifically comment on the following:

g. Are there complications or limitations that have not been addressed by the protocol s?

Member 1

As long as the necessary precautions are made for food and water, it should be transferable. Water, in
particular, is not addressed in this protocol. (Now, one could argue that most estromimetics are lipophilic, and
therefore unlikely to be in water at biological meaningful levels). It We should simply recognize that this is an
areathat has not been strictly evaluated, and is a possible vulnerability.

It would be useful to specify an acceptable range of body weights and control uterine weights for specific age
and weight of rats, so that a lab which was implementing this method for the first time would have an external
reference that it could use to assure that its baseline biology was in line with the rest of the world. An uterus
aready quite stimulated by phytoestrogens has less “room” to respond to weak estromimetics, thereby leading to
false negative conclusions... helping to avoid that is the job of the people setting out the final protocol.

Member 2
Seems to be fine to be used in a variety of laboratories.

Member 3

(As mentioned above:) Data presented recently by Ashby (at the Workshop on Low Dose Effects of
Endocrine Active Compounds. 20.-22. November 2003, Berlin) indicate high caoric intake can apparently
advance puberty in the immature rat. Thus, recommendations to restrict food intake and/or on timing of treatment
should be considered.

Member 4

Panel member has addressed this and the following question together.

The example protocols provided have not been optimised/standardised and do not contain all necessary details
(see comments from various PRP members during the first stage of the review process). However, experience
suggests that the assay is transferable between competent laboratories; several of the issues that arose during the
validation study appear to be individua laboratory-specific and due to lack of adherence to the protocol and/or
other guidance provided.

Member 5
I cannot identify other complications.

Member 6

The protocol does not state how to analyse the data. Therefore, also no guidance how to take the death of animals
into account in the analysisis given. The body weight is not adequately taken into consideration since chemical
has often been applied in toxic concentration. Additionally, the protocols are not suitable to be applied to real-life
testing situations, this problem has not been addressed at all.

The dosage selection for unknown chemicals has not been described.

The relation between food consumption and body weight has not been taken into account. E.g. corn ail
gavage provides additional calories suppressing subsequent food consumption, an observation reported previously
(Ramirez and Friedman, 1983)

If measured daily food consumption” means “mean food consumptions” since cages contain more than one
animal. Since oral gavage as route of administration has been used historically does not mean that it should be
continue to be used. This route of administration is very stressful for the animals and it can influence the results
(see point 17 pag.105 phase I: It has been stated that stress-increase hormona control). Several reports have
documented cases in both animals and humans, of oesophageal, gastric perforation and dyspnea, during ora
gavage (the result of about several deathsin protocol A in this validation study can be explained also by one of
this unforeseen events). Taking together all these observations suggest that at least an improved oral dosing
technique should have been taken into account.
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Other Considerations

Considering the need to employ the Uterotrophic Bioassay internationally, can the test method be readily
transferred among properly equipped and staffed laboratories. Specifically comment on the following:

g. Are there complications or limitations that have not been addressed by the protocol s?

Member 7

It should be included in the protocols that in the immature assay pups outside a 35 to 50 g body weight should
not be used on pnd 19 since pups smaller than 35 g may not respond as well as pups larger than 35 g whereas pups
larger than 50 g may begin to secret E, by day three of the assay when they reach or exceed a body weight of 60 g.

Due to the appearance of false positive and false negative with the Uterotrophic bioassay, the need for clear
criteria for data acceptance is necessary e.g. maxima for acceptable vehicle control uterine weights, and how to
interpret a modest increase in uterine weight (20 to 40 %).

It should also be included in the protocol that when unknown substances are tested a reference substance e.g.,
EE and a known weak agonist should be included in the test.

Care should al so be taken not to exceed the maximum tolerated dose, to reduce animal pain and mortality.

It also should have been included in the protocols that the level of phytoestrogens in the diet should have been
controlled.

Member 8
| did not find any.

Observer 1

As noted earlier, the protocols evaluated in this program are developmental protocols not yet developed
sufficiently for assessment in a state-of-the-art validation study. Notes found in the submission package and
summary data files note problems laboratories had in following the protocols.
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h. Considering the need to employ the Uterotrophic Bioassay internationally, can the test method be
readily transferred among properly equipped and staffed laboratories?

Member 1
It appearsthat it can, given the correct identification rate of 94% of the participating labs.

Member 2
Yes.

Member 3

The experience with the outcome of both phase | and phase |1 studies indicates that the test method can be
readily transferred internationally among properly equipped and staffed laboratories (regardless of whether these
use GLP or not).

Member 4

Panel member has addressed thisand the previous question together.

The example protocols provided have not been optimised/standardised and do not contain all necessary details
(see comments from various PRP members during the first stage of the review process). However, experience
suggests that the assay is transferable between competent laboratories; several of the issues that arose during the
validation study appear to be individua laboratory-specific and due to lack of adherence to the protocol and/or
other guidance provided.

Member 5
No problem.

Member 6
If the SOP s have been improved: yes.

Member 7
Y es, the method is robust and reproducible.

Member 8
Yes.

Observer 1
The high between laboratory CV in uterus weight change suggests there are transferability issues. The cause
of the high CV to be understood before this question can be answered.
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i. Is there any other information that should have been added to the Submission Package, published or
un-published?

Member 1
I can think of no omitted information. Additiona studies (or literature-based conclusions) will be required to
separate estrogenic activity from the uterotrophic activity of other steroids.

Member 2
No.

Member 3
No comment — need more time to contempl ate this point.

Member 4

Isit possible to expand Table 12 (Owens & Ashby, 2002) / Table 36, p. 111 in the DBR document, to
supplement it with data for other relevant substances tested outside of the validation study but with comparable
test protocols? Data from a single laboratory would be fine. The data would need to be made available for peer
review. Thiswould greatly facilitate a judgement on the overall validity (predictive performance) of the rat
uterotrophic bioassay for correctly identifying oestrogen agonists and antagonists.

All supporting data/information requested by the PRP members that was not initialy provided in the
Submission Package has been distributed in a timely manner by the Peer Review Coordinator (e.g. statisticians
reports, raw data, tc.).

Member 5
No.

Member 6
The contrary results of the negative compound DBP was missed in the submission package.
This point was addressed in the 2™ question of test method performance.

Member 7
Not, asfar as | can see.

Member 8
No, perhaps a few more words about the function(s) of ER-alpha.

Observer 1
Yes. See previous comments.




9" February, 2004 — Summary Peer Review Panel Responses and Overall Discussion

This section records all comments from the Panel Members and Observers for the Uterotrophic Validation
Peer Review on the summary charge questions. These were discussed at the tel econference on Monday, 9"
February, 2004.

Has Uterotrophic Bioassay been sufficiently evaluated and has its performance been satisfactorily
characterized by the OECD validation program to support its proposed use for screening the
potential of substancesto act as oestrogen agonists and antagonistsin vivo?

Member 1

Most aspects of the Uterotrophic Bioassay have been thoroughly evaluated: we know that when specified
doses are tested, and analysis is performed by a central laboratory, most of the agonists will come up positive.
Only a single proof-of-concept study was performed with an antagonist, and while the concept was proven, the
actua performance of the test in identifying antagonists was not demonstrated. The bioassay protocol still needs
to specify methods of setting doses, statistical methods, methods for identifying estrogen antagonists (relative
doses of estrogen and the antagonist, and timing of administration), and criteria for identifying that a compound is
or is not estrogenic. When these are addressed, and only when used as part of a multi-step process that involves
receptor-binding studies and fertility assays, | believe this test would be ready to be used to help identify
estrogenic compounds.

Member 2

For estrogen agonists, yes, on the basis of a limited set of agonists tested plus existing knowledge about the
mechanism of uterotrophy. For antagonists, too few compounds have been tested to make a fina statement.
Remaining issues are however specificity (e.g. the uterotrophic response to androgens) and sensitivity ( e.g.
guidance on dose-response testing, statistical methods and use of positive and negative controls).

The answer to this question should also be related to the place of the test within a tiered approach. For
example, the uterotrophic can be a useful in vivo follow-up of in vitro estrogen receptor binding and activation
assays. On its own, the uncertai nty about specificity and sensitivity limits the predictivity of the assay.

Member 3
[no answer here— Secretariat]

Member 4

Overall, the Uterotrophic bioassay has been sufficiently evaluated by the OECD validation program to
support its proposed use for screening the potential of substances to act as oestrogen agonists or antagonists in
vivo. However, the use of only one negative substance, DBP, may limit the validation of the Uterotrophic
bioassay. At least 2 to 3 negative substances should have been included to better quantify fal se positive.

Sine the Uterotrophic bioassay is an in vivo screening assay for oestrogenic agonists/antagonists, a positive
response is not of itself an adverse effect but could be indicative of other or adverse properties of the chemical. A
positive response in the Uterotrophic bioassay suggests the need for the substance to advance to reproductive and
developmental testing for adverse effects.

Member 5
Yes, over-all the Uterotrophic Assay has been adequately characterized. This is especialy true for estrogen
agonists but is weaker on the antagonists.

Member 6

The Uterotrophic Bioassay studies conducted within the OECD Program (as well as additiona published data,
reviewed in the background documentation) clearly justify its intended use for screening the potential of
substances to act as oestrogen agonists and antagonists in vivo

Member 7

The study design of the Uterotrophic Bioassay did not assess the performance sufficiently. The defined data
interpretation procedure, prediction model, and a final trial plan, which includes the objectives of the validation
study, the study design as well asthe data analysis, are lacking.

The number of test substances was not selected adequately to address the performance of the assay. For
example: only one antagonist was tested at one time point, so solely the feasibility of the assay to screen for
antagonists was shown, its reproducibility and predictive capacity cannot be assessed. Neither the specificity was
adequately considered, since only one negative chemical was tested (that, according to literature, has been shown
to act as aweak oestrogenic agonist). Before the uterotrophic assay could be used for regulatory purposes, its role
in atesting strategy combined with other in vitro and in vivo tests should be defined.
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Has Uterotrophic Bioassay been sufficiently evaluated and has its performance been satisfactorily
characterized by the OECD validation program to support its proposed use for screening the
potential of substancesto act as oestrogen agonists and antagonistsin vivo?

Member 8

Yes. The test is detecting specifically and with a good sensitivity the tested estrogen agonists. Antagonists,
especially weak antagonists were not tested, although their biological relevance is questionable.

Overal, the in vivo assay measuring rat uterine weight changesis well characterized, reproducible in different
labs and may be validated.

Observer 1

No, the data derived from the validation study indicate the uterotrophic assay is not suitable for use as a
screen for the identification of weak uterotrophic agonists. The data from the validation study are insufficient to
make any conclusion regarding the utility of the test for the identification of uterotrophic antagonists.

There are severa procedura and scientific issues that lead to this conclusion. The following comments do
not address the procedural issues except to note the following: there are several instances where the designers of
this study did not follow the guidance given in OECD guideline on the design and implementation of a toxicity
test validation study. The decision not to follow OECD’s guidance has decreased the clarity of results derived
from the study and made assessment of the study’s results difficult and contentious. It is recommended that these
issues be fully documented by the PRP so that future validation studies conducted by the VMG incorporate state
of the art validation principles.

The scientific issues that prevent one from drawing definitive conclusions on the utility of the uterotrophic
assay derive from two fundamenta flaws in the design of the validation study, incomplete and inappropriate
statistical anaysis of the study’ s results, and unacceptably high between laboratory reproducibility of the test.

Design flaws: There were two fundamental flaws in the design of this validation study. Firstly, an insufficient
number of negative test substances were included in the reference set of chemicas. When evauating the
performance of atoxicity test the key performance characteristic that needs to be assessed is whether or not a test
has the capacity to correctly distinguish between chemicals that are positive versus those that are negative. In
order to assess this performance metric it is necessary to include a sufficient number of positive and negative test
substances in the reference set of test chemicals. Recent contributions to the toxicity test validation and
epidemiology literature document the importance of this measurement and demonstrate why it is necessary to
include negative test substances in a validation study (4-6). There are two solutions to this problem. The first is
to conduct additional testing of negative test substances and use the results to determine the sum of the sensitivity
and specificity of the test. The second is to utilise Monte Carlo simulations to provide estimates of the predictive
capacity of the test. The advantage of the second suggestion is that useful results could be obtained quickly
without the need for additional anima tests but it would require general agreement that the between laboratory
reproducibility of the DBP derived from this study is representative of results from all negative chemicals.

The second design flaw was that the dosing schedule was specified to the participating laboratories. The

specification of the dosing schedule controlled a significant source of between laboratory variability. This means
that the results derived from the study underestimate the true between laboratory variability to be expected from
the test.
The statistical analysisis insufficient to characterise the predictive capacity of the test: There are two problems
associated with the statistical analysis of results from the study. The first is that the analysis presented to the PRP
is incomplete. The study statistician focused his work on an assessment of the capacity of the test to identify
positive test substances. This assessment aloneis not sufficient to characterise the predictive capacity of atoxicity
test. There are two other assessments needed in order to characterise the test's performance. The first, as noted
above, is a measurement of the capacity of the test to correctly distinguish between positive chemicals versus
those that are negative. The aim of this analysisis to determine whether the sum of the sensitivity and specificity
is greater than one. The importance of this measurement is reviewed in the documents provided to the PRP and in
the validation literature (2-4). The inclusion of negative test substances in the study design would have made it
possible to determine this metric. The second analysis missing is a quantitative assessment of the effects of the
between laboratory variability on the predictive capacity of the test. There are several ways to approach such an
assessment including the use of Monte Carlo ssmulations. An example of such an anaysis has been presented to
the team. This analysis is critical because it will provide potential users an indication of the reliability of test
results.
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Has Uterotrophic Bioassay been sufficiently evaluated and has its performance been satisfactorily
characterized by the OECD validation program to support its proposed use for screening the
potential of substancesto act as oestrogen agonists and antagonistsin vivo?

Observer 1 —(continued)

No, the data derived from the validation study indicate the uterotrophic assay is not suitable for use as a
screen for the identification of weak uterotrophic agonists. The data from the validation study are insufficient to
make any conclusion regarding the utility of the test for the identification of uterotrophic antagonists.

There are several procedural and scientific issues that lead to this conclusion. The following comments do
not address the procedural issues except to note the following: there are several instances where the designers of
this study did not follow the guidance given in OECD guideline on the design and implementation of a toxicity
test validation study. The decision not to follow OECD’s guidance has decreased the clarity of results derived
from the study and made assessment of the study’s results difficult and contentious. It is recommended that these
issues be fully documented by the PRP so that future validation studies conducted by the VMG incorporate state
of the art validation principles.

The scientific issues that prevent one from drawing definitive conclusions on the utility of the uterotrophic
assay derive from two fundamentda flaws in the design of the validation study, incomplete and inappropriate
statistical anaysis of the study’ s results, and unacceptably high between laboratory reproducibility of the test.

Design flaws: There were two fundamental flaws in the design of this validation study. Firstly, an insufficient
number of negative test substances were included in the reference set of chemicals. When evaluating the
performance of atoxicity test the key performance characteristic that needs to be assessed is whether or not a test
has the capacity to correctly distinguish between chemicals that are positive versus those that are negative. In
order to assess this performance metric it is necessary to include a sufficient number of positive and negative test
substances in the reference set of test chemicals. Recent contributions to the toxicity test validation and
epidemiology literature document the importance of this measurement and demonstrate why it is necessary to
include negative test substances in a validation study (4-6). There are two solutions to this problem. The first is
to conduct additional testing of negative test substances and use the results to determine the sum of the sensitivity
and specificity of the test. The second is to utilise Monte Carlo simulations to provide estimates of the predictive
capacity of the test. The advantage of the second suggestion is that useful results could be obtained quickly
without the need for additional animal tests but it would require general agreement that the between laboratory
reproducibility of the DBP derived from this study is representative of results from al negative chemicals.

The second design flaw was that the dosing schedule was specified to the participating laboratories. The
specification of the dosing schedule controlled a significant source of between laboratory variability. This means
that the results derived from the study underestimate the true between |aboratory variability to be expected from
the test.

The datistical analysis is insufficient to characterise the predictive capacity of the test: There are two
problems associated with the statistical analysis of results from the study. The first is that the analysis presented
to the PRP is incomplete. The study statistician focused his work on an assessment of the capacity of the test to
identify positive test substances. This assessment alone is not sufficient to characterise the predictive capacity of
atoxicity test. There are two other assessments needed in order to characterise the test's performance. Thefirst, as
noted above, is a measurement of the capacity of the test to correctly distinguish between positive chemicals
versus those that are negative. The aim of this analysis is to determine whether the sum of the sensitivity and
specificity is greater than one. The importance of this measurement is reviewed in the documents provided to the
PRP and in the validation literature (2-4). The inclusion of negative test substances in the study design would
have made it possible to determine this metric. The second analysis missing is a quantitative assessment of the
effects of the between laboratory variability on the predictive capacity of the test. There are several ways to
approach such an assessment including the use of Monte Carlo simulations. An example of such an anaysis has
been presented to the team. This analysis is critical because it will provide potentia users an indication of the
reliability of test results.

The second issue regarding the statistical analysis of results from this study is whether or not the use of
analysis of covariance (ANCOVA) is valid. The study statistician's response to my earlier query does not
satisfactorily address the concerns raised. The appropriateness of the use of the ANCOVA procedure is
guestionable and its use requires further evaluation.
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Has Uterotrophic Bioassay been sufficiently evaluated and has its performance been satisfactorily
characterized by the OECD validation program to support its proposed use for screening the
potential of substancesto act as oestrogen agonists and antagonistsin vivo?

Observer 1 (continued)

Between laboratory reproducibility is unacceptably high: The between laboratory variability in the uterus
weight change is high, ranging into the hundreds and even thousands of percent. CVs at this level have a
significant negative effect on the predicative capacity of a toxicity test (1). The results from Monte Carlo
simulatons shared with the team provide useful quantitative perspective on the consequences of this variability on
the performance of the test. Given the between laboratory variability observed in the study it is expected that
negative chemicas will result in significant changes in uterus weight in approximately 40% of tests. Furthermore,
the simulations estimate that the sensitivity and specificity of the of the uterotrophic assay will be approximately
50% and 79%, respectively, assuming a between laboratory variability consistent with the results derived from
protocol B, a cut-off of 15 mg uterus weight change, and a true prevalence of 10%. The 95% prediction interval
for a uterus weight change of 20mg ranges between -9 mg to 66 mg! Performance at this level would not serve
the regulatory community's need to protect public health. Performance a this level would also result in
unnecessary loss of resources due to false positive results. The Monte Carlo analysis provided to the team should
be extended to the results from all protocols evaluated in the study. The analysis should also be peer-reviewed to
ensure that there is agreement with the approach taken and the conclusions derived from it.

Conclusions. The results from this validation study indicate the uterotrophic assay is not yet ready for use as
a general screen for the identification of uterotrophic agonists and antagonists. Since the results from this
validation study represent performance under optimised conditions it can be expected that the performance of the
test will be worse when put into genera use. Releasing this test general with the performance characteristics
observed in this study would not provide the public health protection sought by the regulatory community.

The results from this study should be considered a useful pre-validation exercise that provides plenty of
information useful for further development of the test and refinement of the protocol. In order to move forward it
will be important to identify the sources of the high between laboratory variability and implement steps to control
it. When thiswork is done the test should be reassessed in an appropriately designed validation study.
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Summary Conclusions

Based on the information provided in the Submission Package:

a. Does this method adequately identify the potential for test substances to act in vivo as possible
oestrogen agonists and antagoni sts?

Member 1
‘Probably yes' for agonists, and ‘uncertain’ for antagonists.

Member 2

This judgment is limited again by the relatively low number of compounds tested. For the compounds that
were tested, the assay gave favourable results, which is promising. But a definitive statement can only be made
after more elaborate testing, with emphasis on antagonists and negative compounds.

Member 3

Possible oestrogen agonists — yes, but there is aso a currently unmet need to be able to determine whether the
significant increase in uterine weight observed is due to a chemica acting predominantly via an oestrogenic or
androgenic (or other?) effect. Other relevant issues raised during the peer review also need to be addressed
satisfactorily (e.g. additional detailsto be included in afinal test protocol).

Possible oestrogen antagonists — theoretically yes, but the data available currently are too limited to reach a
conclusion.

Member 4

Yes, the Uterotrophic bioassay is considered as a robust and rapid in vivo screening assay for possible
oestrogen agonists/antagonists, based on the responsiveness in oestrogen sensitive tissue, however, the assay may
have some limitations in its sensitivity and specificity compared to other endpoints used to determine a possible
oestrogen activity e.g. epithelial cell height, gland number, uterine cell proliferation, lactoferrin protein induction,
and measurement of the expression of oestrogen regulated genes or proteins. It is important to be aware of the
limitation of the assay in the evaluation of the results.

One limitation is that ERa is expressed in the uterus at significant levels, whereas ER is expressed in the
uterus in moderate levels, limiting the detection of substances binding to the ERp.

Member 5
Yes, it is adequate but testing of additional antagonist compounds would have strengthened the antagonist
issue.

Member 6
All published studies with the Uterotrophic Bioassay show that it is adequate to identify the potentia of test
substances to elicit the hormonal responses of interest, i.e. to act as oestrogen agonists and antagonists in vivo.

Member 7

This model could identify compounds that have a biological effect in vivo increasing the uterus weight but, a
positive result in the uterotrophic assay cannot exclusively result because the tested chemical is an oestrogen
agonist since other toxicological pathways can also lead to a stimulation of the uterus growth. On page 87-89 of
the background review document the authors describe that a positive uterotrophic result can also occur with non-
oestrogens, e.g. androgens, progestins, and growth factors. A definitive conclusion can only be drawn in
combination with additional tests such as receptor binding tests.

Furthermore, the advantages of the uterotrophic tests have only partialy been addressed in the validation
study (metabolism of non-active parental compounds and toxicokinetics). The validation study is not confirming
the ability of the uterotrophic test also to detect active metabolites from non or weak oestrogenic chemicals.

In order to decrease the level of false positives the authors suggest performing precursor assays such as ER
binding. It is questionable whether an Uterotrophic test is still necessary if the chemicals have demonstrated to be
positive in vitro assays. As discussed before the metabolic competence for this approach has not been proven. In
addition, a positive in vitro result should not automatically lead to an additional in vivo experiment.

This approach is therefore questionable.

Member 8
See my first comment, for agonists with very good efficiency, for antagonists only one case proved.

Observer 1
No. See comments above. [to first question — Secr etariat]
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b. Are there currently available methods that can provide equivalent or better in vivo predictions of
oestrogen agonists and antagonist (reliability), with equivalent or better relevance, with equivalent or
lower costs, and with equivalent or lower use animals?

Member 1

Having been out of the mainstream of thisfield for afew years, this reviewer is unaware of atest that does a
better job of integrating a biologica response. Other tests encompass smaller pieces of estrogen biology; one
attraction of the U.B. is that it is an apical, holistic test for showing estrogenicity (and probably some other
hormone actions as well). | know of no other tests that have been subjected to any degree of cross-lab validation,
so thistest is several steps ahead in that area.

Member 2

It is difficult if not impossible to give a judgment here as one compares methods which are in very different
stages of development and validation. This validation has shown that the uterotrophic assay is reproducible
between labs, its predictivity is still open to questions about specificity and sensitivity. Other assays have not been
validated to this extent, and the first impression is that the Nacif assay is more laborious and requires more
specific technical skills.

Member 3
None that, to my knowledge, have been evaluated to the same extent as the rodent uterotrophic bioassay (i.e.
subjected to a detailed, systematic review of experimental procedures and dataintegrity and interpretation).

Member 4

The Uterotrophic bioassay is a robust and cost-effective in vivo screening assay for oestrogen
agonistyantagonists.

The measurement of expression of oestrogen regulated genes is a sensitive and specific approach, however,
such methods needs a high level of technical skill, and are not cost-effective.

Measurement of the luminal epithelial cell height or uterine cell proliferation by BrdU labelling or PCNA are
aternative cost-effective methods that could be used widely as the Uterotrophic bioassay, however, these methods
have not evaluated at the same level as the Uterotrophic bioassay.

Member 5
No, but | think we should remain aert to the possibility of other assays being developed. Thisisadynamic
field and the proposed uterotrophic assay the best at this time but it could be supplanted in the future.

Member 6

Recent studies of gene expression (anaysis by conventiona or microarray techniques; e.g. Diel et a. 2000;
Newbold et al. 2001; Naciff et a. 2003), dong with an analysis of classical gravimetric and histological
parameters in target tissues, have indicated that changes in gene expression provide useful additional information,
and can increase the sensitivity for detecting responses to oestrogens.

However, such methods presently cannot compete with regard to costs (exceed by far those of the classica
uterotrophic response assay), and do not result in lower use of animals. Furthermore, as yet they have not been
shown to provide better or more reliable in vivo predictions of oestrogen agonists and antagonist.

Member 7

No other in vitro/in vivo method has been validated to reassure the reliability or relevance to predict hormonal
activity yet. However, a validation of in vitro assays should be considered as a priority, these will have lower
costs, and fundamentally no use of animals (3R’s). In fact in this validation exercise, atota of 7200 animals were
used. The study did not take animal welfare into account i.e. in accepted validation criteria 3-4 |abs are sufficient
for aformal validation study.

Member 8
No, especially not for mammalians. The inter-species variability of the estrogen function is high. It is true that
in case of xenoestrogen contamination a so other species should be checked.

Observer 1
No comment.
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c. Discuss conditions/limitations/restrictions that may affect the intended use of Uterotrophic Bioassay, and
that are justified based upon the current presence or lack of scientific evidence.

Member 1

Again, uncertainties about the effects of testosterone (which should be caught in a receptor-binding assay),
and the consistency of the ability to identify antagonists. Solubility might also be an issue, but that would aso
tend to reduce exposure to most other animal systems. A high background weight, due to diet or bedding, or a
malicious Fate, would limit the usefulness of an assay, but this should be intermittent and not an inherent
structural flaw in the biology of the assay itself.

Member 2

Limitations are secondary to the low number of compounds tested, with specia reference to antagonists and
negative compounds. We have insufficient information from this validation study about sensitivity and specificity
of the assay. Still, in atiered approach as a follow-up to receptor-specific in vitro assays, the test can play a useful
role asthefirst in vivo screen for estrogenicity performed.

Member 3

Lack of clarity on the context / scope of use of the bioassay, and still a rather limited understanding of the
assay limitations (need for a larger database) and data interpretation for risk assessment purposes, are the main
concerns. | don’t think the uterotrophic bioassay is ready to be proposed for routine regulatory use for testing
chemicals until thereis a clear rationale for how it would be used in atiered testing strategy and how the resulting
data would be used in regulatory decision-making. Based on the scientific evidence submitted for review, the
bioassay appears useful for in-house decision-making in an overall scientific weight-of-evidence type of approach
(relatively flexible) but not yet a the stage where it should be incorporated into a more-rigid regulatory testing
framework.

Member 4

Due to the appearance of false negative and positive with the Uterotrophic bioassay, the need for clear criteria
for data acceptance is necessary, e.g. maxima for acceptable vehicle control uterine weights, and how to interpret
amodest increase in uterine weight (20 to 40 % increase).

The selection of doses used in the Uterotrophic bioassay may also influence the outcome of the test if
mortality or systemic toxicity is achieved at the doses tested.

The lab experience/technical skill may also influence the outcome of the Uterotrophic bioassay.

The EU policy related to toxicological testing isto reduce the number of animals used in toxicological testing,
how this will influence the use of the Uterotrophic bioassay as an in vivo screening test is uncertain.

Member 5

Over-al, | think the uterotrophic assay has been adequately described and the consistency among the test
laboratories was quite impressive given that there were variables uncontrolled such as food, caging, and strain of
rat used. | am concerned about the \possible confound of phytoestrogens and, in future tests, some control over
the upper concentration of phytoestrogens would be warranted.

Member 6

All published studies (conducted within and outside the OECD Program) with the Uterotrophic Bioassay
justify its intended use for screening the potential of substances to act as oestrogen agonists and antagonists in
Vivo.

One (minor) uncertainty pertains to the question how sensitive the assay will detect weak oestrogen
antagonists. But, thisis not based on principle doubts, just a poor data basis of studies demonstrating such effects
for agents other than the prototypical antioestrogens.

Member 7

The Uterotrophic bioassay aims to detect strong and weak oestrogens and antioestrogens. Since very high
concentrations (up to 1000mg/kg) have to be applied in order to receive some biological responses it is
questionable if these results are relevant for human hazard assessment.

The protocols for detecting oestrogens remain to be optimised, particularly for minimising all sources of
variation to make the protocols more reliable and economical with regard to use of animals.




Responses for 9" February, 2004, teleconference

c. Discuss conditions/limitations/restrictions that may affect the intended use of Uterotrophic Bioassay, and
that are justified based upon the current presence or lack of scientific evidence.

M ember 7 (continued)

It is impossible to fully assess the predictivity of the assay in terms of its specificity and its sensitivity,

without the use of more negative controls. An additional study to analyse the reliability and relevance of the assay
for detecting anti-oestrogens is necessary to eval uate the predictive power.
The design and outcome of this validation study do not conform with the validation criteria as discussed in the
OECD document No 34 that is currently under discussion for new and revised tests. Although it is claimed severa
times that the study followed international principles of validation, severa aspects of validation principles have
been ignored e.g. study design, selection of laboratories, selection of test chemicals etc. The helpful separation of
pre-validation, including protocol transfer, protocol refinement, as well as a small-scale study, and the formal
validation process was followed insufficiently resulting in mixture of these tasksin three different study parts. The
overload with reports makes it difficult to extract the crucia information needed to peer-review the validation.

Member 8

The estrogenic response detected by the uterotrophic assay had been demonstrated not only by the OECD
validation procedure but also by many other laboratories. The scientific evidence is enough to use it for in vivo
screening with awell- and clearly-documented protocol.

Observer 1

The results from the validation study indicate there is unacceptably high between laboratory variability in
results. Monte Carlo simulations suggest that the test will not reliably distinguish weak uterotrophic chemicas
from those that have no uterotrophic activity. Additional work should be undertaken characterise the
conseguences of high between laboratory variability on the predictive capacity of the test.
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