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Executive Summary: Grouping of chemicals and read-across of propettiéd data gaps is a valuable
method used in the safety assessment of chemikaaever, there is still insecurity about the picadt
application and regulatory acceptance. A previpdslised strategy (Schultz et al. 2015) is usestriecture
and report this case study which constructs a aeaolss line of reasoning for selected perfluordadkyds
(PFAAs). This group of compounds represents a sceahchemicals with no or very slow metabolisBased
on similarities in chemistry, toxicokinetics, esjadly clearance, and toxicodynamics, especiallyogesome
proliferator-activated receptor (PPARNd/or PPAR) activation, a small congeneric series (i.e., QD)®f
straight-chain PFAAs is proposed as a read-aciategory. Perfluoronated octanoic acid (PFOA) entdied
as the source substance. It was demonstratethtia@b oral repeated-dose exposure of rats to PFAAs gives
rise to a standard set of symptoms, including ltegicity. Specifically, hepatocellular injury &ccompanied
by oxidative stress and inflammatory response,elkag alteration in lipid transport and metaboliswihile
there is evidence that PFAAs activate a multipfioit nuclear receptors, peroxisome proliferatoivated
receptors (PPA&Rand/or PPAR) activation are the most likely initiating eveilgading to rat oral repeated-
dose, liver toxicity. Following the “traditionatjroup formation for read-across basisionivo, in vitro and
structure-activity data, similarity and uncertaifdy the category were assessed. Chemical unoriai
deemed low. Uncertainty associated with the furetgals of chemical transformation/toxicokinetic gamty
is deemed low to moderate. Uncertainty associattdthe fundamentals of toxicodynamic similarisyalso
deemed to be deemed low to moderate. Lastly, taiogr associated with mechanistic relevance and
completeness of the read-across is judged to bédomoderate. Following the consideration of infiation

derived “new methods” approaches, including resaflthe US EPA ToxCast programme, uncertainty and
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weight-of-evidence associated with transformatmxidiokinetic were unchanged; however, uncertainty a
weight-of-evidence associated with toxicodynamigiksirity were reduced and increased, respectivilis
concluded that the rat oral 90-day NOAEL for PFOA6 mg/kg body weight (bw)/day (d) (based on
hepatocyte necrosis and hepatocellular hypertraplayincreased liver weight), may be read acrofiseto
untested C9 and C10 analogues with low uncertaintyused to inform regulatory decisions. It istvor
noting, this conclusion is supported by thesivo data (i.e., NOAELs of 0.1 mg/kg bw/d) for the Cdrid C12
derivatives. Further it is concluded that the @@lday NOAEL for PFOA can be red across to the C7
derivative as the most conservative argument.

1. Introduction

The underlying beliefs of a toxicological read-ag@re that chemicals which are similar in structuitl have
similar chemical properties and thereby have simbdaicokinetic and toxicodynamic properties. [Has
reason, experimentally-derived toxicokinetic anxidcodynamic properties from one compound, the sourc
chemical, can be read across to fill the data gaght second compound, the target chemical, wiasha
similar chemical structure. The grouping of orgachiemicals, with the intention of conducting reemess, is
a valuable method which has application to a nurobeggulatory decisions. Despite this fact, otiléfsids a
number of the challenges, especially in regardainigg more universal acceptance of read-acrosiqbi@ns
(Cronin et al., 2013).

Recently, a Strategy for Structuring and Reporting a Read-Astegs proposed by Schultz et al. (2015). To

examine the utility of this strategy, we have utalezn the first of a series of case studies asfgmieconcept.
The case study follows th&Vorkflow for Reporting a Read-Across Predictias detailed in Appendix C of
Schultz et al. (2015). In addition to identifyirgettarget and source substances, the Workflow wegol
completing up to eight tables to compare the snityl@f the molecules and two tables addressingettamty
(detailed in Appendices A and B of Schultz et 201(5), respectively). Ideally each table is asged with a

narrative evaluating the various aspects of thdenge leading to an overall conclusion (Schulal e2015).

In addition to applying the Schultz et al. (2015pMflow, case study was undertaken in a two-stepegss.
The purpose of the two-step process is to demdadtra usefulness of new approach data in redubeng
uncertainty in the read-across prediction of théctogical properties and thereby improve thelllk@od that
it will be accepted for regulatory use. The iliiasessment is a “traditional” read-across usstghdishedn
vivo data supplemented, as applicable, with conventianavo, in vitro and structure-activity relationship

information. The second assessment supplemergdaditial exercise with “new-approach” data, indhugl
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high-throughput molecular screening, nowevitro methodology and/or toxicogenomics information cormed
in a rational manner (Whelan and Schwarz, 2011 hGeical., 2014, Sturla et al., 2014).

The case described in this study involves substaw@é no or very slow metabolism. In this sceoari
chemicals are able to reach the target organ witbwidence of producing toxic metabolites, typigatl the
liver. The aim of this investigation was to undé&s, report and justify, using the Workflow and pgates
provided by Schultz et al. (2015), the groupingeifluoroalkyl acids (PFAAS) and the read-acros8tay
rat oral repeated-dose toxicity from perfluoroociaracid (PFOA) to other compounds in this categdrkie
read-across was performed initially without “newpagach” data. Subsequently new methods data were

considered to determine if they have any significgaapact on the uncertainty associated with the+@aoss.

2. Approach

This study reports efforts to form a category foe perfluoroalkyl acids (PFAASs), as an illustratmfione of
the potential read-across scenarios reported byggéen et al. (2015). Following initial problem foulation,
the read-across was performed according to the #garklescribed in Appendix C of Schultz et al. (8D1
Templates describing similarity and uncertaintassprovided in Appendices A and B of Schultz e{z015)

were completed.
2.1 Resources utilised

Every effort was made to use freely available resesito undertake this study, where possible. speeific

resources utilised are described in Supplementdoyrhation Tables Suppl.A.1-8.

2.2. Premise
The premise for this case study is for read-acobsat oral repeated-dose toxicity, the C7 — C18R$form a

consistent category. Specifically, the hypothé&sighis read-across is:

* PFAAs are chemically very similar. For examplayhhy fluorinated chemicals that consist of a stn&ig

chain hydrocarbon backbone and a single termirrbbsglate moiety.

* From a toxicokinetics standpoint PFAAs are absotibethe gut, bind to albumin and other proteins and

are not metabolised in the liver. Their persiséeiscmarkedly influenced by reabsorption in the

kidneys. In rats, measured half-lives for C7 t& ®FAAs are consistent.

» Toxicodynamically, PFAAs are direct-acting toxicafite., where metabolism is not a factor) with
similar modes of action, (MoA), most likely a comation of PPAR/ PPARy interactions, leading to

rat oral repeated-dose hepatotoxicity via pertuobatto fatty acid uptake, lipogenesis, fatty acid
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oxidation, and centrilobular hepatocellular hypaptry correlated with higher liver weights. Repédate
dose toxicity data for PFOA (the proposed souraarabal) are supported by those for the C6, C11 and
C12 derivatives, which reside outside the applidggldomain of the proposed category.

» The molecular mechanism of PFAA-induced liver tdyics not completely characterised.
Toxicogenomics studies suggest that PFAAs suppmassinity and induce fatty acid transport and
metabolism, as well as inflammation. While PFAAwé& been shown to be involved in several
mechanistic-relevant events, the length of therioarbon-backbone has not been shown to have an

impact on mechanism of action.

2.3. Justification

PFOA is the best studied analogue of the categBecause of strong carbon-fluorine bonds, PFOAIl&irto
other PFAAs, is resistant to environmental degiadand biotransformation. Extensive data in husramd
animals demonstrate PFOA is readily absorbed astdited throughout mammals via non-covalent lnigdi
to plasma proteins. Oral rat acute toxicity (LC&Y)PFOA is between 400 and 700 mg/kg bw (EFSA80

Recent reviews of the literature (Bull et al., 20USEPA, 2014) have shown the liver is a key sitaabion, or
target organ, with increased liver weight in lalborg animals being one of the earliest and lowesedo
manifestations of exposure. At least three traridpmilies seem to play a role in PFOA absorption,
distribution, and excretion: organic anion transg (OATS), organic anion transporting peptideAT0s)
and multidrug resistance-associated proteins (MRRs)evidenced by the half-life of 2.3 years, PF@Aot
readily eliminated from humans. In contrast, th#-hfe in the monkey and rodent is in the 10 tbday range.
PFOA is known to activate the peroxisome proliferatctivated receptor (PPAR) pathway by increasing
transcription of proteins involved in mitochondraald peroxisomal lipid metabolism, sterol, and bitel
biosynthesis and retinol metabolism. However, Basetranscriptional activation of many genes ilARE
null mice, the effects of PFOA involve more thatiation of PPAR: (e.g., PPAR, the constitutive
androstane receptor (CAR), farnesoid receptor (F4RJ pregnane X receptor (PXR)).

2.4. Applicability domain
The applicability domain for this read-across isfated to straight-chain perfluorinated carboxyids of C7
to C10.

2.5. Analogues or category members

1) Perfluoroheptanoic acid PFHpA 375-85-9 C7F1302
2) Perfluorooctanoic acid PFOA 335-67-1 C8F1502
3) Perfluorononanoic acid PFNA 375-95-1 C9F1702
4) Perfluorodecanoic acid PFDA 335-76-2 C10F1902



127 The chemical structures of the category membergiges in Table 1 in Annex I.
128
129  2.6. Purity/impurities

130 A purity/impurity profile for the analogues list@a 2.4 is unknown. However, since the categooisimited

131 structurally, the potential impact of any impurdtien the endpoint being evaluated is considereglsraall.
132
133 3.Report on therat oral 90 day repeated-dose toxicity and related infor mation on PFAAS

134  3.1. Short characterisation of perfluoroalkyl acids

135 PFAAs are highly fluorinated chemicals that consfst backbone of 4 to 18 C-atoms and a singleiteim
136 carboxylate moiety. In PFAAs, charge repulsiothef partially negative F-atoms and steric factive g
137 preference to the lowest energy conformer beingaa linear molecular shape. This most likely comier is
138 highly similar to the preferred conformation of msponding fatty acid analogues. The ionized cayllate
139 grouping and the F-atom’s partial negative chapgemote electrostatic interactions between PFAAL an

140 positively charged surfaces on macromolecules,cgspeproteins.

141 The acid dissociation constants, pKa, for PFAAsvarg low; the result is in most biological fluids¢cluding
142 gastric secretions, PFAAs are primarily in the arfarm. This is an important feature governingapson

143 and membrane transport.

144 While the toxicokinetics of PFOA is well-studietiettoxicokinetic understanding of other PFAAs is

145 incomplete.lt is clear that there are species differences,(kraif-lives in human vs. monkey/rodent) in the
146 toxicokineticsof PFAAs. TypicallyPFAAs are readily absorbed following oral exposamd distributed

147 mainly to the serum, kidney, and liver, with liva@ncentrations being several times higher thamseru

148 concentrations. Oral absorption is mainly medidtgdransporter proteins or mechanisms other tiraple
149 diffusion (Launay-Vacher et al., 2006; Zair et 2008). PFAAs are resistant to biotransformatidherefore,
150 toxicity of the parent compound and not that ofetabolite is of concern. Due to their impact ctegors and
151 other cellular proteins, PFAAs have the abilityatter intermediate metabolism and transformatiodietfary
152 molecules by altering enzyme activities and transkioetics. In general, the rate of eliminatisrenhanced
153 with decreasing C-atom chain length. However bibeby-burden, especially in primates but also is st
154 increased by efficient reabsorption of PFOA inkitneys and thus retention in the body. The riecefs
155 clearance rates that are both species- and anattgpendent with lowest total clearance expectdxbtfor
156 PFDA (Han et al., 2012; Fuijii et al., 2015).

157 A first examination of mammalian toxicity data sops the contention that repeated-dosage oral expas
158 PFAAs is linked to liver toxicity. PFAAS, in rata repeated-dose testing, exhibit liver toxicitgitally in the
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form of hepatocyte necrosis and increased liveghtei While there are 90-day oral repeated-doseitgxdata

for the octanoic and hexanoic derivatives, theeedata gaps for other PFAA analogues in the cayegor

Besides hepatocellular adenomas in rats, PFAAasseciated with liver enlargement (hepatomegaly) in
rodents and non-human primates. Based in largeopastudies of perfluoronated octanoic acid, PR@4.,
Son, 2008; EFSA, 2008; Chu et al., 2009; Bull gt2014; Yang et al., 2014; USEPA, 2018AAsare
considered to be direct-acting toxicants whichveéetmultiple receptor interactions, including PPARsS
addition to hepatotoxicity, PFAAs are linked to depmental toxicity (Lau et al., 2004; Wolf et &010) and
immunotoxicity (DeWitt et al., 2012).

Due to their structural similarity to naturally agdng fatty acids, mechanistic studies of PFAAséntocused
on the peroxisome proliferator-activated recepR®AR) pathways leading to liver toxicity; howewvether
molecular mechanism have also been implicated reTias been a sharp increase in the number of
toxicological studies of perfluorinated chemicatixes 2008; however, the mechanistic pathways atiiyxof

PFAAs are far from clear.

The molecular mechanisms of PFAA-induced liver ¢ayiinclude binding to PPARs. Specifically, PPAR
and/or PPAR binding is considered to mediate many toxic efedtPFAAs (van den Heuvel et al., 2006;
Takacs and Abbott, 200/Rosen et al., 2008; Wolff et al., 2008; 2012; Bjarld Wallace, 2009). In addition
to PPARSs, other studies of PFAAS’ toxicities hagparted other potential molecular mechanisms. &hes

findings have led Bjork et al. (2011) to conclulere is a multiplicity of nuclear receptor actieatiby PFAAs.

Several studies in rats and mice have examined BR&Aetermine the potential impact of the carlwairc
length (C6-C9) on hepatic toxicity and peroxisomdiferation. Results suggest the difference in
accumulation of these compounds in the liver wapaasible for the different hepatic responses oleser
between PFAAs with different C-atom chain length.any case, it is generally believed that the poyeof
PFAAs increases with increasing C-atom chain lengtho C8 (Wolf et al., 2012).

3.2. Statement target substance(s) and the regylatadpoint(s) to be read across

This read-across is for the perfluoroalkyl acidBARSs). Specifically a category of four PFAAs hagbe
formed (further described in Supplementary Infoiorafable Suppl.A.1). The PFAASs range in carbon

number from seven to ten. The endpoint to be reeabsa is 90-day rat oral repeated-dose toxicity.

While there are several 28-day rodent oral gavagdies of various PFAAs, there are not many 90+daypral
in vivorepeated-dose data for PFAAs. Whilst not incluidetthis category, it should be noted that theee ar
(OECD Test Guideline 422, Combined Repeat DoseRamtoductive/Developmental Toxicity Screening Test)
data for perfluoroundecanoic acid (PFUA) [2058-948d perfluorododecanoic acid (PFDoA) [307-55&t]d
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90-day oral repeated-dose for perfluorohexanoid geFHxA) [307-24-4]. More to the point of thiseexise,
there is extensive high quality 90-day oral repeéatese data for PFOA [335-67-1]. Hence, an evalnatas
conducted to determine the suitability of PFOA asarce substance with the NOEAL data being resmsac

to fill the data gaps for the other analogues endategory.

3.3. Existing Relevant Toxicity Data for PFOA
Chronic toxicity data for PFOA are summarised ibl€al There is a substantive body of evidencelivet
toxicity is prevalent at higher doses of PFOA arfdist other organ level effect occur, those toliher

dominate.

3.4. 90-day Rat Oral Repeated-dose Studies of PFOA

In a dietary study, Goldenthal (1978) administeZddR-CD rats (5/sex/group) PFOA at concentrationslte
equivalent to doses of 0, 0.56, 1.72, 5.64, 1'h8,68.5 mg/kg bw/d in males, and 0.74, 2.3, 7.73@2nd
76.47 mg/kg-day in females. Body weight and foodsuimption were recorded weekly. Blood and urine
samples were collected during the pre-test penabat 1 and 3 months of the study for haematololgyical
chemistry and urinalysis. At necropsy, the orgamis the control, and the three highest dose grovgre
weighed and examined for histopathological lesidimers from all dose groups were also examined
microscopically. There were neither treatment-eglateaths nor changes in behaviour or appeararicae
was a decrease in body weight gain for male ratseatwo highest dose levels. At 13 weeks, mealy bo
weight of males in the highest does group was Sagmitly less than that of controls. There werdneatment
related effects on the haematological, biochenocalrinary parameters were observed. Relative kidne
weights were significantly increased in males i tttree highest dose groups. However, absolutesiid
weights were comparable among dose groups, anel Wexe no histopathological lesions. Absoluterlive
weights were significantly increased in males i igher dose groups and in females in the highest
group. The mean absolute liver weight of each grae., 13.4, 14.3, 19.1, 18.6, 20.1, and 19:12gpectively)
increased with dosage. Relative liver weights veggaificantly increased in males in the two highdisse
groups and in females in the highest dose growgpatbcellular hypertrophy (focal to multifocal et
centrilobular to mid-zonal regions) was observed/By 5/5, and 5/5 males in the 5.64, 17.9, an8 68)/kg
bw/d groups, respectively. Hepatocyte necrosisoserved in 2/5, 2/5, 1/5, and 2/5 males in tfi@,15.64,
17.9, and 63.5 mg/kg bw/d groups, respectivelydeédrthe conditions reported above, the Lowest Qieser
Adverse Effect Level (LOAEL) for males is 1.72 mg/w /d) based on liver effects and the No Observed
Adverse Effect Level (NOAEL) is 0.56 mg/kg bw/dethOAEL for females is 76.5 mg/kg bw/d based on
increased liver weight, and the NOAEL is 22.4 mdbkgd.
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In another dietary study (Perkins et al., 2004;EE8A, 2008), male ChR-CD rats in groups&0 were
administered concentrations of 1, 10, 30, or 106 p-OA for 13 weeks (i.e., doses equivalent to ,000&4,
1.94, and 6.50 mg/kg bw/d). There were two corgrolips, a non-pair-fed control group and a corgroup
pair-fed to the 6.50 mg/kg bw/d dose group. Foifmthe 13-week exposure period, 10 animals pasgro
were fed a basal diet for an 8-week recovery peribloe animals were observed for clinical signsoafcity,
and body weights and food consumption were recordiethe analysis of the relevant data, animalgroups
exposed to feed at 0.06, 0.64, 1.94, and 6.50 mgikd PFOA were compared to the control animakhén
non-pair-fed group, while the data from the pad-é®ntrol animals were compared to animals exptsédb0
mg/kg bw/d PFOA. With diets at 6.50 mg/kg bw/dyrsficant reductions in body weight and body weigain
were seen compared to the pair-fed control groummguveek 1 and the non-pair-fed control group wlgiri
weeks 1-13. Body weight data in the other dosedyas were comparable to controls. At feeds wi@id &nd
1.94 mg/kg bw/d, mean body weight gains were sicguiitly lower than the non-pair-fed control groupvaek
2. These differences in body weight and body weggins were not observed during the recovery gerio
Animals fed the 6.50 mg/kg diet consumed signifitaless food during weeks 1 and 2, when compavetie
non-pair-fed control group. Overall, there wassignificant difference in food consumption. A tobé& 15
animals per group were sacrificed following 4, 718 weeks of treatment; in addition, 10 animalseve
sacrificed after 13 weeks of treatment and follaytine 8 week recovery period. Serum samples ¢etldcom
10 animals per group at each scheduled sacrifidagitreatment and from 5 animals per group during
recovery were analyzed for estradiol, total testmste and luteinizing hormone. There were no Saanit
differences among the groups for any of the horm@waluated. Weights of selected organs werededor
and these tissues were examined histologicallyadtfition, some organs were prepared for electron
microscopic examination. Significant increaseabsolute and relative liver weights and hepatotzallu
hypertrophy were observed at weeks 4, 7, or 1Bargtoups fed 0.64, 1.94, and 6.50 mg/kg bw/d PFOA.
There was no histological evidence of any degeiverahanges. Hepatic palmitoyl CoA oxidase agtiwhs
significantly increased at weeks 4, 7, and 13 engfoups fed the two highest concentrations. 84 @ng/kg
bw/d level, hepatic palmitoyl CoA oxidase actiwtgas significantly increased at week 4 only. During
recovery, however, no liver effects were obserusdicating that the treatment-related liver effastye
reversible. EFSA (2008), report a LOAEL of 0.64/kegbw/d) based on increases in absolute and velatier
weights with hepatocellular hypertrophy and a NOA®I0.06 mg/kg bw/d.

Butenhoff et al. (2012) investigated the chroniidily of PFOA in a two year study with Sprague-Day
(Crl:CD BR) rats. Briefly, large groups (i.e., 56x) were fed diets containing 0, 30 or 300 ppm RFD 1.3,
and 14.2 mg/kg/d for males; 0, 1.6, and 16.1 mg/kgy females). Additionally, groups (15/sex) wésd O or

300 ppm PFOA and evaluated at one year. All Olagiemvs included body weights and feed consumption,
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haematology, serum chemistry, urinalysis, grosegagy, organ weights, and histopathology. Theseamo
significant differences in mortality between thedated and untreated groups (Butenhoff et al., 20TRBg
authors further report there were dose-relatededsers in body weight gains in male and femaleasats
compared to the controls with statistical significa attained in both sexes for the high-dose gr&ipce feed
consumption increased during the study, the bodgiwehanges (decrease in gain) were considerathisant-
related. Additionally, significant decreases (ampared to control values) in haematological-relatalues
were observed at the high-dose for both sexesddse- or treatment-related differences in absalnte

relative organ weights were found between thedband control groups at two years (Butenhoff e28i12).

Significantly increased incidences of lesions ia likier were observed in the high-dose male gr@uienhoff
et al., 2012). Specifically, at 1 year, diffusgpatomegalocytosis, portal mononuclear cell infiloa and
hepatocellular necrosis were reported. At 2-yesggiificant increases in megalocytosis were oleskfor
both sexes in the high-dose group. Hepatic cystegkneration and localized hepatic parenchymagipyasia
were also significantly increased in high-dose mal&mong the high dose males histological chamgase
noted in tissues other than the liver.

Butenhoff et al. (2012) report under the conditiohghe studies a LOAEL for male rats of 14.2 mgikgd
based on a decrease in body weight gain and hgstallochanges, especially in the liver; the LOABL female
rats is 16.1 mg/kg bw/d based on decreased bodyhtvgain and haematologic effects. The NOAEL & 1.
mg/kg bw/d and 1.6 mg/kg bw/d for females.

Biegel et al. (2001) conducted a two-year mecharsstidy. Briefly, male Crl:CD BR (CD) rats (156dgp)
were fed a diet containing 0 or 300 ppm PFOA (@26 mg/kg/d), sacrifices were conducted everyehre
months up to 21 months and quantification of Imeight and testes weight, peroxisome proliferataond cell
replication reported. Body weight was significgrdecreased from days 8 to 630 in PFOA-exposed rats
(Biegel et al., 2001). Further, when compared#&dontrols, relative liver weights and hep@toxidation
activity were statistically significantly increasatall time points between 1 and 21 months. Altedlestis

weights were significantly increased, but only ad ef the experiment.

Effects of PFOA on cell proliferation in variousgans were reported (Biegel et al., 2001). No hepat
Leydig cell proliferation was observed at any sangptimes. The incidence of Leydig cell hyperpéasias
significantly increased in PFOA-exposed rats (46%1¥% control). Pancreatic acinar cell prolifenatvas
significantly increased at 15, 18, and 21 monthise incidence of pancreatic hyperplasia was high@FOA-

exposed animals than in controls 39% and 18%, ctispéy.

3.5. 28-day Rat Oral Repeated-dose Studies of PFOA



285  Currently, 28-day repeated-dose toxicity studieslianited. Loveless et al. (2008) administered RHY oral
286 gavage at doses of 0, 0.3, 1, 10, or 30 mg/kg levidale CD rats in groups of ten for 29 days. Badyght
287 was recorded. At necropsy, haematology, clinibangistry, and corticosterone measurements were.made
288 Tissues were collected for weight and histopathiokdgexamination. Body weight, weight gain, haevoait,
289 and haemoglobin were reducedad mg PFOA/kg/day. Increased reticulocytes andnadepoiesis were
290 observed in the rats dosed with 30 mg/kg bw/d.alTatd non-HDL cholesterol were significantly reddat
291 0.3 and 1 mg/kg/day compared to control. HDL ch@ml was significantly decreased at 0.3, 1, &hd 1
292 mg/kg/day. Triglyceride levels were significantlgcreased at all doses except 1 mg/kg. Absokge Weight
293 (21 mg/kg bw/d) and relative liver weigrtX0 mg/kg bw/d) were significantly increased, minimto mild
294 (0.3, 1 mg/kg bw/d) and moderatelQ mg/kg/day) hepatocellular hypertrophy, and fowadrosisx10

295 mg/kg/day) were observed. Although not statislycsilgnificant, serum corticosterone was increased10
296 mg/kg/day.

297 Cui et al. (2009) exposed male Sprague-Dawleyimagsoups of ten by gavage once daily to PFOA &, @r
298 20 mg/kg/day for 28 days. The rats dosed with %kgiday exhibited hypoactivity, decreased food

299 consumption and lethargy, during the third weekhefstudy. Rats dosed with 20 mg/kg/day also etdub
300 enhanced sensitivity to external stimuli. All ratsre sacrificed after the final exposure. Hepagoal,

301 gonadal weight/animal’s body weight was calculatedvaluate hyperplasia, swelling, or atrophy & BFOA-
302 treated animals compared to controls. In the Jitreatment with 5 or 20 mg/kg bw/d hepatic hypty, fatty
303 degeneration, acidophilic lesions as well as gdilssion and congestion in the hepatic sinusoidemtral vein
304 were reported. No effects were observed in thedyd of the low dose animals, however turbidity and
305 swelling in the epithelium of the proximal convadttubule was observed at the 20 mg/kg bw/d duseler
306 the conditions of this study, the LOAEL was 5 mgliwg/d based on liver effects; no NOAEL was estéiglds

307 Elcombe et al. (2010) exposed male Sprague-Dawalisyim groups of ten by diets containing O or 3pthp

308 PFOA for 1, 7, or 28 days in two studies. The m@aity intake for study 1 and study 2 were 19 aBarigy/kg

309 bwi/d, respectively. In addition, a group of rats.(ithe positive control) was fed diets contairb@gopm of the
310 PPARux agonist, Wyeth 14,643. The animals were obsededgt and body weights and food consumption were
311 recorded. At necropsy, day 2, day 8, or day 29 otigans were weighed, examined for gross pathaady

312 preserved for histopathology. Liver DNA contentl@oncentration were determined, and plasma was

313 collected for analysis (study 1 only) of liver enzgs, cholesterol, triglycerides, and glucose. lHegeall

314 proliferation and apoptosis were also determiniadoth studies, body weight significantly decrehaéter 7

315 and 28 days on the PFOA diet. Body weight wasaffetted by Wyeth 14,643. Absolute liver weightswa

316 significantly increased in rats fed PFOA diets7atays in the first study and in rats treated fand 28 days in

317 the second study. The liver-to-body-weight ratesvgignificantly higher in rats fed PFOA diets Toand 28
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days in both studies. Absolute liver weight anedito-body-weight ratio were significantly increasin
Wyeth 14,643 diet fed rats in both studies.

3.6. Other Oral Repeated-dose Studies of PFOA

Thomford (2001) and Butenhoff et al. (2002) repdntesults from small groups of male Cynomolgus neysk
orally administered PFOA by capsule containing,d,G or 30/20 mg/kg body weight (bw)/day (d) fé@r 2
weeks. Because of succession of feeding (i.e.fé@ma consumption, decreased body weight, and dsetk
faeces) the dosing of animals in the 30 mg dosemceased after day 12. Subsequently, the dose was

decreased to 20 mg/kg bw/d and restarted on day 22.

At sacrifice (90 days), the mean absolute liverghieivas significantly increased in all dose growgrs] the
relative liver-to-body weight ratio was significgnincreased for the high dose group. The causbeof
increase in liver weights was suggested to be alepatocellular hypertrophy (indicated by decrddsspatic
DNA content) which was hypothesized to result fnmmtochondrial proliferation based on an increase in

hepatic succinate dehydrogenase activity (Butengtcdf., 2002).

Repeated-dose studies for short durations in laaghand mice also reported reductions in body vigigh
increases in liver weight with hepatocellular hypgwhy. Specifically, Son et al. (2008) evaluateale ICR
mice exposed continuously to 0, 2, 10, 50 and 250 pf PFOA in drinking water for 21 days. Theya#p
food and water consumption decreased in mice exjposthe highest concentration of PFOA. Mean body
weight gain was reduced in mice exposed to bothrsD250 ppm of PFOA. Most notably, the size atative
weight of the liver increased dose-dependentlyR@R-treated mice. In the histopathological evabmtthe
liver of PFOA-treated mice showed hepatocytomegaly acidophilic cytoplasm; at the high doses of RFO
diffuse hepatic damage by multifocal coagualatind Bguefaction necrosis were further noted (Soal et
2008)

Similar findings were reported by Yang et al. (2DMho studied the induction of hepatic effects iicerorally
administered different concentrations of PFOA (2e5, 5, or 10 mg/kg bw/d) for 14 consecutive days
Histological examination showed that the exposoéROA led to serious hepatocellular injury andiobs

inflammatory cell infiltration.

Yahia et al. (2010) gavage dosed pregnant ICR migeoups of 5 with PFOA at doses of 0, 1, 5, onmi@/kg
bw from gestation day 0-17 or 18. Maternal livedney, brain, and lungs were examined histologjycal
Serum was collected for clinical chemistry anddipnalysis. Body weight was significantly decrebisedams
receiving 10 mg/kg. Maternal absolute liver weiglats significantly increased at doseS mg/kg and relative
liver and kidney weights were significantly incredsat all doses. At the two lower doses, hepagetirophy
was localized to the centrilobular region; at tighkst dose, hepatic hypertrophy was diffuse. lliKdases,
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350 renal cells in the outer medullar and proximal felwere slightly hypertrophic. Treatment at thghigist dose
351 caused a significant increase in cytosolic enzyameka significant decrease in total serum prosgbymin,
352 globulin, triglycerides, phospholipids, total chetlerol, and free fatty acids. At the intermedddse (i.e., 5
353 mg/kg bw/d), total serum protein and globulin weignificantly decreased, and phosphorus was ineteas
354 Based on increased relative liver and kidney weithiie maternal LOAEL in this study is 1 mg/kg bwhd;
355 NOAEL was established.

356 3.7. Repeated-dose Studies of other PFAAS

357 There are no other repeated-dose data availabledarbers of the PFAA category with carbon numbanfr
358 seven to ten. However, rat, oral, 90-day, repedt=g NOAEL for the 6C derivative (i.e., 50 mg/kg/8) is
359 Dbased on centrilobular hepatocellular hypertroptryetated with higher liver weights and slightlygher

360 peroxisomeB-oxidation activity with zero evidence for metalsoti (Chengelis et al., 2009). Zhang et al. (2008)
361 demonstrates that 12C derivative exhibits hepatoitgxn male rats. Specifically, male rats (gagddor 14
362 days with 0, 1, 5, or 10 mg/kg bw/d) exhibited cimhed absolute liver weights with the relativeetiweights
363 significantly increased in the 5 and 10 mg doskdditionally, a combined repeated-dose and

364 reproductive/developmental toxicity screening sttatyC12 derivative was conducted in accordancé wit
365 OECD guideline 422 (Kato et al., 2014). Dosin@&tand 2.5 mg/kg bw/d for 42-47 days mainly addhe
366 liver, in which hypertrophy, necrosis, and inflantorg cholestasis were noted. The NOAEL of the PRAA
367 was concluded to be 0.1 mg/kg bw/d. Takahashi €2@14) conducted a combined repeated-dose and
368 reproductive/developmental toxicity screening sttafythe C11 derivative in accordance with OECDdgline
369 422. Specifically male and female rats were gastagelose of 0, 0.1, 0.3, or 1.0 mg/kg bw/d. Boyght
370 gain was inhibited in both sexes were observedtatt/kg/day. Liver weight was increased in maie8.3
371 mg/kg/day and above and in females at 1.0 mg/kg/daypoth sexes, centrilobular hypertrophy of hepgtes
372 was observed at 0.3 mg/kg/day and above and fecabsis was observed at 1.0 mg/kg/day. The NOAFL f
373 the 11C PFAA were concluded to be 0.1 mg/kg bw /d.

374 In summary, there ana vivo data of sufficient quality and quantity for PFQ#lie a source chemical and read
375 across to fill the data gaps for the rat oral 99-dpeated-dose endpoint of other analogues iodtegory.

376 Oral repeated dose data for the 6C, 11C and 12CARIeAivatives are in qualitative agreement witht tha

377 reported for PFOA. Moreover, the data for the Bh@ 12C derivatives are in quantitative with tlegtarted

378 for PFOA.

379 4. Datamatricesfor assessing similarity

380 The data supporting the similarity argument forfthe analogues listed above are reported in Arinex
381 4.1. Structural similarity
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382 As demonstrated in Table 1 of Annex I, all the PIRAAcluded in the category are structurally higdityilar.
383 Specifically, they possess common molecular sadifigl straight-chain C-atom backbone. Structurahg

384 only difference is the length of the C-atom bacldaon

385 4.2. Chemical property similarity

386 As demonstrated in Table 2 of Annex |, all the PBAAcluded in the category have physico-chemical
387 properties that typically are either constant @mvgla trend in values related to carbon chain length

388 Specifically, all category members exhibit high ewllar weights (i.e., >300), while hydrophobicikyg Kow)
389 increases with size, and ionization (pKa) is laygelaffected by size.

390 4.3. Chemical constituent similarity

391 As shown in Table 3 of Annex I, all the PFAAs irbhal in the category have common constituents ifiatime
392 of: 1) a single key substituent, -G 2) structural groups, -GRnd -Ck-, 3) extended structural fragment -
393 CRCOH. Further, all belong to the same chemical clasbksub-class, straight-chain perfluoronated

394 carboxylic acids of with a limited range of C-atoms

395 4.4. Toxicokinetic similarity

396 As demonstrated in Table 4 of Annex |, the toxioekic understanding of PFAAs is incomplete. Withtt

397 said, PFOA is well-studiedt is clear that there are in the toxkioetic (i.e., ADME-related) differences within
398 thePFAAs. These differences are animal species€hathical analogue-related (e.g., half-lives orreeee
399 rates). PFAAs are readily absorbed following oral exposamd distributed mainly to the serum, kidney, and
400 liver, with liver concentrations being several terleégher than serum concentrations. In general, th

401 elimination is decreased by renal resorption thetgntion in the body is increased (Andersen e2aD6;

402 Rusyn, 2015).

403 In mammalian studies, PFOA have been shown todmlyeabsorbed orally but poorly eliminated; theg aot
404 metabolized and undergo extensive uptake from emégatic circulation (Lau et al., 2007; Bull et 2014,
405 USEPA, 2014). For example, 24 hours post admatistn of a single dose 6fC-PFOA (averaging 11.4
406 mg/kg bw) by gavage to 3 male 10-week old CD rat80% of total carbon-14 was absorbed (Gibson and
407 Johnson, 1979). In another study, male Spragueldyaats (10/group) were exposed to PFOA (96% a0,
408 5, and 20 mg/kg bw/d once daily by gavage for 28ddt was demonstrated that >92% of both doses wa
409 absorbed (Cui et al., 2010).

410 Steady-state serum levels of PFAAs are reachednnatfew weeks with oral dosing. For example,steady-
411 state serum levels for PFOA in monkeys dosed wigh@apsules containing 3, 10, or 20 mg/kg bw for 6
412 months were reached within 4-6 weeks (Butenhodl.e2004b). Kennedy et al. (2004) observed tleakp
413 Dblood levels of PFOA were attained 1-2 hours folluyva 25 mg/kg bw dose to male and female rats.
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414  Moreover, it was noted that blood levels of PFO&mtvme were similar in rats given a single dos@®fng
415 PFOA/kg as compared to a rat given 10 daily do$@% ong PFOA/kg (Kennedy et al., 2004). In anostedy
416 (Elcombe et al., 2010), plasma PFOA concentratiomsale Sprague-Dawley rats fed a diet containio@ 3
417 ppm PFOA for 1, 7, or 28 days were noted to be 289, and 2529/mL, respectively.

418 In rats, a marked gender difference in serum asdidi levels exists following PFOA administration.
419 Specifically, males consistently have much higlegels than females with the difference maintainedl a
420 becoming more pronounced over time. Correspongirigiale rats show much greater urinary excretion

421 PFOA than do male rats with serum half-life valireBours for females compared with days for males.

422  Distribution of orally absorbed PFAAs includes uasc transport from the gut to other tissues. Ere

423 suggests that PFAAs circulate in the body by noralamt binding to plasma proteins. For examplg, ra
424 human, and monkey plasma proteins bind > 95% ofAP&@led at concentrations ranging from 1-500 ppm
425  (Kerstner-Wood et al., 2003). Serum albumin, tlestncommon serum protein and a common carrier of
426  hydrophobic materials in the blood including shamrtl medium chain fatty acids, carried the largestign of

427 the PFAAs among the protein components of plasma.

428 Wu et al. (2009) in examining the interaction ofd?Fand human serum albumin demonstrated PFAA bgnhdin
429 to the protein. Specifically, within 4 hours iretabsence of albumin, 98% of the dissolved PFOAfaasd in
430 the dialysate. Inthe presence of albumin, thewarhof PFOA detected in the dialysate after 4 hoeceased,;

431 reductions were in direct proportion to the albummcentration.

432 MacManus-Spencer et al. (2010) using a varietyppf@aches to quantify the binding of PFOA to serum
433 albumin suggest the presence of primary and secphiiading sites on albumin. Weiss et al. (2009gsned
434 30 perfluorinated compounds, differing by C-cha&ndth (C4-C18), fluorination degree, and polar geofor
435 potential protein binding. They concluded thatding affinity is highest for fully fluorinated matals and

436 compounds having at least eight C-atoms.

437  Studies of tissue distributions are available Bresal species including monkeys, rats, and mBigenhoff et
438 al. (2002; 2004b) studied the fate of PFOA in myski@ a six-month oral exposure study. Brieflyogps of
439 4-6 male monkeys each were administered PFOA dailgral capsule at dose rates of 0, 3, 10, or kg
440 bw. Serum, urine and faecal samples were collestdso-week intervals and were analyzed for PFOA
441 concentrations. Liver samples were collectedna¢ tof sacrifice. Serum concentrations reachedlgtstate
442 levels within four to six weeks in all dose groupghe mean serum concentration of PFOA in contrmhkeys
443 was 0.1341g/mL. The serum steady-state concentrations ofA&dich varied markedly between animals
444  were 77, 86, and 158)/ml after six weeks (Butenhoff et al., 2002) add 89, and 15@g/ml (Butenhoff et al.,
445  2004b) after six months for the 3, 10, and 20 mdpkg respectively.
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446  Urine PFOA concentrations reached steady-state 4fteeks and were 53, 166, and 1@Iml with SD of
447  50% in the 3, 10, and 20 mg/kg dose groups, resedct Liver PFOA concentrations at terminal shce in
448 the 3 mg/kg and 10 mg/kg dose groups were simildrranged from 6.29 to 21,@/g. Liver PFOA

449  concentrations in two monkeys exposed to 20 mg/gew 6.0 and 833g/g. Liver PFOA concentrations in
450 two monkeys dosed with 10 mg/kg-day at the end I8-aveek recovery period were 0.08 and Quiify

451 (Butenhoff et al., 2004b).

452 Han et al (2012) reviewed the clearance of PFOA @it emphasis on renal clearance. Human cleaisnce
453 clearly demonstrated to be much longer than inratpecies (e.g. rodents, monkeys) with half-lifeuea of 2.3
454 — 3.5 years reported (Olsen et al., 2007; Bartedl.e2010). Total clearance with rats was obseéito be
455 greatest for the C6 analogues and then decreagaticzintly with minimal clearance for PFDA. Withe

456 exception of PFDA, total clearance was less in mattethan female rats.

457  Fujii et al (2015) studied the toxicokinetics af $d fourteen carbon chain length PFAAs in botheraad

458 humans. In mice, C6 and C7 PFAAs were eliminasgidty in the urine, as compared to C8 to C14 which
459 accumulated in the liver and were excreted slowlaeces. Fujii also showed a large interspecdiésrence
460 which was related to the sequestration volumehl@fiver. Urinary clearance of PFFAs in humans als
461 decreased with increasing alkyl chain lengths, evhiliary clearances increased. The C9 to C1(/deves

462 had the smallest total clearance for both micelamdans.

463 Ng and Hungerbuhler (2014) examined the two preagathypotheses for the mechanisms that control the
464  bioaccumulation of PFAAs. The first assumes tlatifoning to membrane phospholipids, which have a
465 higher affinity for charged species than neutratage lipids, can explain the high bioaccumulapotential of
466 these compounds. The second assumes that inberetith proteins, including serum albumin, livatty acid
467 binding proteins (L-FABP), and organic anion traor$grs determine the distribution, accumulation hald-
468 lives of PFAAs. After consideration of: 1) obsatvmatterns of tissue distribution in the laboratanyg field, 2)
469 the relationship between perfluorinated chain leragtd bioaccumulation, and 3) species- and gerpbi{c
470 variation in elimination half-lives, it was concled that the two models need not be mutually exodydiut that

471 protein interactions are needed to explain someitapt features of PFAA bioaccumulation.

472  4.5. Metabolic similarity

473 Results ofn silico metabolism simulations are presented in TableAnofex . METEOR reveals the potential
474  for Il phase: glucuronidation of carboxylic acid iety, but overall the compounds are predicted adiet

475 metabolised.

476 4.6 Toxicophore similarity
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As demonstrated in Table 6 of Annex I, basedhosilico predictions the PFAAs are considered Cramer class
[l compounds. While none of the other profilenghe OECD QSAR Toolboxv3.3 are triggered, sominef
newly developed COSMOS profilers are activatedpdrticular, PFAAs are associated by full agonism

predictionin silico with PPARy ligand-dependent activation, see section 6.

4.7. Mechanistic plausibility similarity
As summarised in Table 7 of Annex |, the PFAAsuded in the category are associated with a nuntber o
molecular mechanisms of toxicity. As previouslyet) while the toxicology of perfluorinated chentscis

well-studied, the mechanistic pathways of toxiatyPFAAs are likely multiplicative.

PFAAs have been associated with interference wttd metabolism and bind to fatty acid-binding @iot
(Luebker et al., 2002; Zang et al., 2013), and blad to human serum albumin (Chen and Gao, 200Bgre
is growing evidence that underlines liver PPAR higalependent activation as a key MIE in the eliictaof
liver steatosis (Al Sharif et al., 2014). PFAA-uad liver toxicity is considered to be mediatesl RPARS,
especially PPAR binding (Takacs and Abbott, 2007; Rosen et aD820Volff et al., 2008; 2012; Bjork and
Wallace, 2009).

While several perfluorinated compounds can actiPR&Ry, they may also induce peroxisome proliferation by
perturbing lipid metabolism and transport. Thisyrba significant, as the subsequence of key events

perturbing lipid metabolism and transport is natsistent with only a PPAdRagonist mode of action.

PPARs are members of the steroid-thyroid hormoperstamily of ligand-activated transcription facor
Because of their role in glucose and lipid homesistahey are well studied. The mechanisms of PPAR
genomic activity (transactivation and transrep@sgsinvolve the nuclear receptor forming a hetawati with
retinoid X receptor alpha (RX8 and binding to specific DNA sequences within phemoter regions of target
genes. PPARs bind and respond to a diverse setdofgenic lipid metabolites, including eicosan@dd fatty
acids. Briefly, the activation of PPARs is brougbbut by specific conformational changes assatiatth

ligand binding. Subsequently, these changes eleaepressors and allow for the recruitment otteators.

In addition to PPARs dysregulation, studies of PEBAtAxicities have reported other potential molecul
mechanisms. Specifically, previous studies asddabsebinding potency of PFAAs with several progein
including other nuclear receptors such as the agsir receptor (Benninghoff et al., 2011; Gao eR8l13), as
well as transport proteins such as Transthyreten(& al., 2015). Bjork et al. (2011) concludeat thultiple

nuclear receptors are activated by PFAASs.

While there is evidence supporting PFOA-inducedrliwxicity and adenomas via a PRPABgonist mode of
action in rodents, there is also some evidencehtiya@tomegaly may be associated with a PleiBependent

mode of action (Rosen et al., 2008). Itis likilis is a PPAR-mediated mode of action. While PPAR
16
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more likely related to fatty acids oxidation, PPAR the main regulator of adipocyte differentiation
stimulating the expression of lipogenic proteins.(itransporters, fatty acid synthesizing enzyraerzymes
related to triglyceride synthesis and lipid dro@ss$ociated proteins). Therefore, the liver erlargnt
observed in PPA&Null mouse may be due to the accumulation of Igraplets or the accumulation of PFOA
in the liver and PPARRand adipose differentiation-related protein (ADRBpporting this argument is gene
expression profile data for rat liver treated WAROA, where the largest categories of induced gareethose

involved in metabolism and transport of lipids, tpardarly fatty acids (Rosen et al., 2008).

The above findings are supported by the findingBiofj et al. (2009). Ding et al. (2009) studied tosage-
dependent metabonomic and transcriptomic resparisaale rats’ exposure to the C12 derivative fod tiays.
NMR-based metabonomic results for both liver tissaied serum revealed that exposure to PFDoA leads t
hepatic lipidosis, which is characterized by a sewdevation in hepatic triglycerides and a dedimserum
lipoprotein levels. Moreover, results from tramgtmic changes induced by the C12 derivative conthese
results as changes in gene transcript levels agsdawith fatty acid homeostasis. It was concluithed
PFDoA induces hepatic steatosis via perturbatioriatty acid uptake, lipogenesis, and fatty acidiation. .

A dose-dependent increase in the expression ofief&kRy and PPAR and also of CD36 (fatty acid
translocase), which is a common target of the weeptors is reported (Ding et al., 2009). Its exgoression
is one of the most probable key intermediate eveutined in the prosteatotic PPARnediated mode of action
recently proposed (Al Sharif et al., 2014).

A potential mode of action is thought to be agonadmeroxisome proliferator receptors. For example
APOE*3-Leiden.CETP mice were fed a high-fat dietgietent with food eaten in Western parts of thedvo
with perfluorobutanoic sulfonate, perfluorohexansutfonate or perfluorooctanoic sulfonate (30,r6] @
mg/kg bw/day, respectively) for 4-6 weeks (Bijlagtcal., 2011). Whereas perfluorobutanoic sulfonate
modestly reduced only plasma triglycerides, perfthhexanoic sulfonate and perfluorooctanoic sulfenat
markedly reduced triglycerides, non-HDL- cholesteand HDL- cholesterol (Bijland et al., 2011). pégic
gene expression profiling data indicated that ttegfeets were the combined result of PRA&Nd pregnane X

receptor (PXR) activation.

It is worth noting, he PXR induces lipogenesis is via activation of 60BPAR, SCD1, and FAE gene
expression. The PXR inhibits fatty aiebxidation through its suppression of PRA&d thiolase gene

expression (Lopez-Velazquez et al., 2012).

In vitro studies have evaluated the ability of numerous P&fAnduce mouse and human PRARTtivity in a
transiently transfected COS-1 cell assay (Wolfle2808). Specifically, COS-1 cells were trangéelcwith

either a mouse or human PPAReceptor-luciferase reporter plasmid. After 24iisp cells were exposed to
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either negative controls (water or dimethyl sult®); positive control (the PPARagonist WY-14643); PFOA
or PFNA at 0.5-100M; perfluorobutanoic acid, PFHxA, or PFDA at 5-100. Following 24 hours of
exposure, luciferase activity from the plasmid wassasured. Wolf et al. (2008) concluded in gendral:
PFAAs of increasing C-atom chain length, up to @8uce increasing activity of the mouse and human
PPARu, 2) Carboxyl derivatives are stronger activatdrsiouse and human PP&Rhan the corresponding

sulfonate derivatives, and 3) The mouse PRARMore sensitive to PFAAs than the human P&#AR

A more recent study by Wolf et al. (2012) furtheported additional work on the vitro activity of PFAAs
with mouse and human PPAR They note that PPARactivity exhibits a bell-shaped curve, with PFOdirg
the strongest activator. Moreover, longer C-attvairc PFAAS (i.e., > C10) are relatively less potami some

do not activate human PPAR

Bjork and Wallace (2009) conducted a structurevédgtrelationship study of the transcriptional &etiion of
peroxisome proliferation in primary rat liver cellltures for perfluoronated carboxylic and sulfodérivatives
of varying C-atom chain length. Moreover, theyraksed whether this activity can be translated tman

liver cells in culture. They concluded: 1) PFAAsuse a concentration- and chain length-dependergase in
expression of gene targets related to cell injmy BPAR activation in primary rat hepatocytes, and 2) The
sulfonates are less potent than the correspondirigrylates in stimulating PPARelated gene expression in

rat hepatocytes.

Liver fatty acid binding protein (L-FABP) is highBxpressed in hepatocytes. Perfluorinated subssanc
including PFAAs, may bind with FABP and change ithexicokinetics and toxicity profile. Zhang et al
(2013) examined the binding interaction of 17 dtadly diverse perfluorinated substances with hara
FABP in an effort to assess their potential toupsifatty acid binding. The binding affinity of BFAAs, as
determined by fluorescence displacement assayased significantly with their carbon number froehtG
C11 and decreased slightly when the C-number wik 3While perfluorinated sulfonic acids exhibitgchilar
affinity, no binding was detected for perfluorindt@cohols. Molecular docking experiments show tha
driving forces for the binding of PFAAs with FABPegpredominantly hydrophobic and hydrogen-bonding
interactions, and the binding geometry is dependeriioth the size and rigidity of the PFAAs.

The mechanism proposed by Ding et al., 2009, rntbtdghe activation of PPARIriggers oxidation of fatty
acids, which increases the pool of acetyl-CoAanimals, acetyl-CoA and other acyl-CoA coenzymes ar
essential to the balance between carbohydratei@ddietabolism. Under normal circumstances, d€ebA
from fatty acid metabolism feeds into the citriedacycle, contributing to the cell's energy supplyg.the liver,
when levels of circulating fatty acids are higle giroduction of acetyl-CoA from the catabolismipfds

exceeds cellular energy requirements. From thessxacetyl-CoA, ketone bodies are produced, wlaaltleen
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573 enter the circulation. Further consideration afidpet al. (2009), specifically the increase ingkpression of
574 PPARy and its role in fatty acids and triglyceride syagis, together with the stimulation of accumulation

575 lipid droplets, suggest a synergistic action of ReAand PPAR in the liver pathology of PFAAs.

576 4.8. Other endpoint similarity
577 In addition to the mammalian vivo data noted above, other data has been gathetedhaipurpose of

578 strengthening the similarity hypothesis.

579 4.8.1. Fish toxicity

580 PFAAs have been tested in fish. PFAAs also haea lassociated with oxidative stress and mitochahdri

581 toxicity (Hagenaars et al., 2013; Huang et al.,3J0IPFOA also acts as a mixed-type enzyme indusgemt

582  with inductions of CYP2B2, CYP3A4, and CYP4ALl imdr microsomes. Specifically, male Japanese medaka
583 (Oryzias latipeswere exposed to the nominal concentrations 0600100 mg/L PFOA for 7 days. There was
584 no impact on survival, relative liver and gonacesiar condition factor (measure of growth) at any

585 concentration tested. Peroxisomal acyl-CoA oxidA$0) activity was elevated at the highest doske

586 increase of ACO activity was paralleled by the Bigant up-regulation of PPAR-expression at the same

587 dose. PFOA also induced a significant inhibitidrcatalase activity at high doses but showed nogés of

588 superoxide dismutase or glutathione peroxidaseiges in the liver. These results suggest thadRfnay

589 induce peroxisomal fatty acid oxidation and impthee=oxidative stress through the alteration ofutail

590 oxidative homeostasis in the liver. PFOA also@ased the mRNA levels of proinflammatory cytokite$,

591 TNF-a and IL-18. The latter indicates that inflammation may beoimed.

592 Hagenaars et al. (2013) studied male and femalafzgt exposed to nominal concentrations of 0.1a8db1
593 mg/L PFOA for 4 and 28 days. They described theegd mode of action of PFOA as an increase of the
594  mitochondrial membrane permeability followed byimapairment of aerobic ATP production. This

595 mitochondrial dysfunction further resulted in etfeon oxidative stress and apoptosis at the ganedript and

596 protein level.

597 Benninghoff et al. (2011) studied the structurareleteristics of PFAAs which elicit oestrogen- |d@ivity in
598 juvenile rainbow trout and determined, usingitro species comparisons whether these chemicals a¢htera
599 directly with the oestrogen receptor (ER). PFAAES to C 11 are inducers of the oestrogen-respensi
600 biomarker vitellogenirin vivo. Thesan vivo findings were corroborated Iy vitro mechanistic assays for
601 trout and human ER. All PFAAs tested weakly botmttout liver ER, with half maximal inhibitory

602 concentration (IC50) values of 15.2-289mM. Addiadly, they significantly enhanced humand&Rependent
603 transcriptional activation at concentrations ragdgnom 10-1000nM. Overall, these data supportcth@ention

604 that intermediate size PFAAs are weak environmergtibgens.
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605 4.8.2. In vitro toxicity

606 PFAAs have been evaluatedvitro. Viability tests were performed here at varyimge-exposures on C6 -

607 C18PFAAs with human colon carcinoma (HCT116) cellsegdczyiski et al., 2008). A chain length-depended
608 correlation was observed for EC50 values for C61d derivatives. Responses to further increas€satoms
609 were non-linear and even partially reversed. Hiied observation is likely due to reduced bioalklity due

610 to protein binding. It was concluded that PFAAs aot acutely toxic at the cellular level; howevbey can

611 trigger cell apoptosis (Kleszcagki et al., 2008).

612 Wallace et al. (2013) examined the structure-agtrglationships by which PFAAs interfere with

613 mitochondrial respiratiom vitro. Briefly, freshly isolated rat liver mitochondneere incubated with one of 16
614 different PFAAs, including perfluorinated carboxylacetic, and sulfonic acids, sulfonamides anfasutio

615 acetates, and alcohols. The effect on mitochohgspiration, measured at five concentrations Gosk-

616 response curves, was used to describe the effecte 3 and 4 respiration and respiratory cantfble data
617 for carboxylic acids support prior evidence tha perfluorinated carboxylic and acetic acids indihee

618 mitochondrial permeability transition. In contra$ie sulphonamides are protonophoric uncoupleoxiofative
619 phosphorylation. In both cases, potency increastédincreasing number of C-atoms, with a prominent

620 inflection point between C6 and C8.

621 In the study of PFOA by Haung et al. (2013), floytoznetry analysis demonstrated that PFOA induced
622 oxidative stress, cell cycle arrestment and apaptod -02 (a human non-tumour hepatic cell line).
623 Furthermore, alterations in protein profile withirD2 cells exposed to PFOA suggest involvements® p

624 activation, which triggers apoptosis in L-02 cells.
625

626 5. Statement of uncertainty in similarity

627 In Annex Il, the assessment of uncertainty is preese Data uncertainty associated with chemicallarity is
628 | judged to be low.Data uncertainty and weight-of-evidence associai#it the fundamentals of chemical

629 transformation/toxicokinetic similarity is judged be low to moderate. Data uncertainty and wedadght-

630 evidence associated with the fundamentals of tayieamic similarity is also judged to be deemed tow

631 moderate. Finally, uncertainty associated with ma@cstic relevance and completeness of the rearbsis
632 judged to be low to moderate. In terms of chemishre narrowly defined applicability domain ofglgategory
633 leads to all analogues or category members begtgyhsimilar chemically. Specifically, the key faee,

634 perfluoronated carboxylic acid, relevant for toias common within the category. While there differences
635 among the category members with respect to phyisasoical properties, these differences are not densd

636 toxicologically relevant outside of their impact bioavailability.
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All analogues or category members are considerenh & toxicokinetic standpoint, to be similar. BRetless
of the species of mammals, all four category meshbes judged to be readily absorbed orally, noabwized,
and with similar distributions and similar elimir@at mechanisms. However, there are sex-, spenttslain
length-dependent difference in the rates of keggsees. While there is evidence that PFNA and P&
lower clearance in both rodents and humans thamARR(S is not considered to be significant to thad-
across. Limiting the read-across to rats and mangthe range of C-atoms for the applicability domlimits

increases the similarity of ADME-related featurespecially clearance rates.

The greatest toxicodynamic uncertainty for the PEBA#cluded in the category is mechanistic plausybil
Specifically, PFAAs are experimentally associateith\® number of molecular mechanisms of toxiciltyis
unclear if the repeated-dose toxicity is relatedrie mechanism or the combination of more than one

mechanism.

All analogues or category members are considereah & toxicodynamic standpoint, to be moderate in
similarity. Specifically, from a qualitative stgomaint, all analogues or category members exhilitllyisimilar
toxicological profiles foin vivo liver adverse effects, as well as spediiiwitro endpoints. In contrast, potency

either shows a linear trend with increased in Cdpemnor a bell-shaped trend with the apex at C8.

6. Statement of the conclusions from traditional data

In vivo oral repeated-dose exposure to PFAAs, especiblA gives rise to a standard set of symptoms,
considering specifically liver toxicity, includiran increased liver weight, hepatocyte hypertroplepatic
triglyceride accumulation, multifocal coagulati@md liquefaction necrosis. This hepatocellulanfipijis
accompanied by inflammatory cell infiltration. Th#re,in vivo hepatic toxicity may be involved in oxidative
stress and inflammatory response, as well as atiare lipid transport and metabolism. While PF&®ary
from C4 to C18, by design, the category is limitecC7 to C10 analogues. This limitation assuras tie
impact of toxicokinetic and toxicodynamic uncertagn is minimal. While there is evidence that PRAA
activate a multiplicity of nuclear receptors, PRA&d/or PPAR interactions are the most likely initiating

events leading to repeated-dose, liver toxicity.

The NOAEL for PFOA of 0.06 mg/kg bw/d (based ondtepyte necrosis and hepatocellular hypertrophg, an
increased liver weight in males and females, raspayg (EFSA, 2008) is read across to the othesehr

analogues in the category.

The chemical category under consideration, interategize PFAA, is an extremely well-studies groifip

compounds. There is extensive high qualityivo data for repeated-dose toxicity and ampleitro data,
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668 especially for the source substance. Endpointifspéactors affecting the prediction include thecertainty
669 associated with is the true nature of the moleaukachanism of PFAA-induced liver toxicity and hoxaetly
670 the length of the fluorocarbon-backbone impacteaggd-dose toxic potency. However these uncedaiate
671 considered low to moderate, especially since thwet@nd higher molecular weight derivatives areinciuded

672 in the category. No endpoint non-specific factffecting the predictions have been identified.

673 Since the NOEAL value for the source substance,Ai8Q@upported by data for the C11 and C12 derrestia
674 quantitative read-across is possible. The reamsagredictions are clearly relevant to priorititing, hazard
675 identification, and classification and labellingowever, their applicability to risk assessment rhayontested

676 because of uncertainties in most relative toxiclmacsm(s) and trend analysis of toxic potency.
677

678 7. New methodsinformation

679 While read-across predictions are basethonvo data, information gathered from alternative methody
680 improve the weaker aspects of the category sirylargument and thereby reduce the uncertaintsscasgion
681 with the prediction (Schultz et al., 2015). Typigdor repeated-dose effects, this informatiotaigyeted

682 towards supporting mechanistic plausibility andnief toxicokinetic and toxicodynamic similaritie$n

683 addition, such data often add to the overall weajkgvidence of the read-across prediction. Thealed

684 “new methods” information includes the new generatfin vitro molecular screening and toxicogenomics
685 data (Sturla et al., 2013). In the current cagdystthere are two weak aspects of the similarnggment. The
686 first is the mechanistic plausibility of PPAR aetilon as the most likely initiating events leadiongepeated-

687 dose liver toxicity and the impact of the derivatispecific clearance rate (i.e., renal reabsorjption

688 Toxicogenomic studies of PFAAs reveal the largestig of induced genes is those involved in transpod
689 metabolism of lipids, particularly fatty acids. &targest groups of suppressed gene are thosed¢tat

690 inflammation and immunity. For example, gene amjplysis of PFOA (Guruge et al., 2006) revealed
691 approximately 106 and 38 genes were consistentiggplated or down-regulated, respectively, in all

692 treatment groups. Preliminary data from targetekegexpression profiling in metabolically-competent
693 HepaRG cells shows activity in several PPAR / CRRR genes (ACOX1, CYP2B6, CYP2C19, CYP2CS,
694 CYP3A4, CYP3A7, IL6, IL6R, PDK4), showing up-regtitan of many of these. The signal is strongest in
695 PFOA, followed by the heptanoic, nanonoic and deaderivatives (Judson, personal communication).

696 Eriksen et al. (2010) examined the ability of deseof five PFAAS to generate reactive oxygen sggeand to
697 induce oxidative DNA damage in HepG2 cells. Thmuls show that PFAAs induce only modest produatibn

698 reactive oxygen species and DNA damage in a c@lthat represents the human liver.
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Wang et al. (2014) studied the inhibitory effectlufteen PFAAs on lysine decarboxylase (LDC) attiin
vitro. The inhibitory effect (i.e., inhibition constanmbtained in fluorescence enzyme assays) of PFAAs
increased significantly with chain length (C7-C18hereas the PFAAs of < C7 did not show any effect.
Circular dichroism spectroscopy results showed Bi&A binding induced significant protein secondary
structural changes. Molecular docking revealedttiainhibitory effect could be rationalized wiell the cleft
binding mode, as well as the size, substituentgemd hydrophobic characteristics of the PFAAs.nét-
cytotoxic concentrations, three selected PFAAshid LDC activity in HepG2 cells and subsequently,
resulted in the decreased cadaverine level inxtpesed cells, suggesting that LDC may be a postibdet of

PFAAs for theinn vivotoxic effects.

Zhang et al. (2014) also examined the binding augons between PFAAs and PPARSpecifically, then
vitro binding of eleven PFAAs to human PPARjand binding domainhPPARy-LBD) and their activity on
the receptor in cells were investigated. The tesllowed that the binding affinity increased veiinbon
number from C4 to C11 and then decreased sligi#ttditionally, it was shown that tH®®PARy-LBD binding
affinity of perfluorinated sulfonic acids is strarghan their PFAA counterparts, while perfluoredhtlcohols
show nohPPARy-LBD binding. Circular dichroim spectroscopy shalitbat PFAA binding induced a
distinctive structural change of the receptordiial luciferase reporter assays using transierghstected
HepG2 cells, PFAAs acted BBPARy agonists with potency correlating witRPARy-LBD binding affinity.

Perfluoroalkyl compounds, including PFAAS, haverbskown to disrupt thyroid functions through thgroi
hormone receptor (TR)-mediated pathways. Spetifidaen et al. (2015) investigated the bindingenatctions
of 16 structurally diverse perfluorinated compoundth human TR and their activities on TR in cells.
Specifically, in fluorescence competitive bindirgsays, most of the 16 perfluorinated compounds Voensd
to bind to TR, with relative binding potency in tremge of 0.0003-0.05 compared to triiodothyrorifi&) (Ren
et al.,2015). A structure-binding relationship webserved, where fluorinated alkyl chain lengthglenthan
ten and an acid end-group were optimal for TR ligdiln thyroid hormone (TH)-responsive cell pretdtion
assays, PFHxA and perfluorooctadecanoic acid ebedilaigonistic activity by promoting cell growth. ithin
the same study, molecular docking analysis revehi@dmost of the tested perfluorinated compounds
efficiently fit into the T3-binding pocket in TR drformed a hydrogen bond with arginine 228 in a meain
similar to T3. The combineid vitro and computational data (Ren et al., 2015) strosghggest that some

PFAAs disrupt the normal activity of TR pathwaysdisectly binding to TR.

Within the COSMOS project of SEURAT-1, PFAAs weceeened with a variety af silico profilers. These
results are reported in Table 6 of Annex |. Speailly, the potential for full PPARagonism is predicted by a

virtual screening procedure, including docking wWittering by four PPAR pharmacophores (Tsakovska et al.,
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731 2014). The pharmacophore models were developamalysing 118 PPAR3D complexes from the Protein
732 Data Bank (PDB), taking into consideration struat@ements (e.g., hydrogen bonds, hydrophobic and
733 aromatic) of the ligands essential for their int#ians with the receptor. The key protein inte@cof the
734 most active agonists include hydrogen binding #oathino acids in the receptor pocket; the mosvacti
735 agonists interact directly with H12 residues. PR/ARtive full agonists share at least four common

736 pharmacophoric features; the most active ones adaional interactions. In addition, more prafddor

737 nuclear receptor binding were run to identify paéirbinding to the following nuclear receptors;A®, AR
738 (androgen receptor), AHR (aryl hydrocarbon recgptR (estrogen receptor), GR (glucocorticoid réaep
739 PR (progesterone receptor), FXR (farnesoid X rengptXR (Liver X receptor), PXR (pregnane X recapt
740 THR (thyroid hormone receptor), VDR (vitamin D rptar) as well as RXR (retinoic acid receptor). ®ovh
741 these receptors are associated with the developohéepatosteatosis, so chemicals likely to incueatic
742  steatosis are highlighted. The evaluation of ped€hinding to the receptors is based on strutfuasgments
743 and physico-chemical features that have been fikghtis essential to bind to these nuclear recepiod

744  induce aresponse. The profilers have been deselbp studying the physico-chemical features ofakmo
745 nuclear receptor binders and elucidating the siratfeatures needed for binding to the ligand imigghocket
746  (using the Protein Data Bank and ChEMBL) (Melloakt2015; Steinmetz et al. 2015); . C8-C10 PFAA a
747 profiled as positive for PPAR with the nuclear ngtoe binding profilers, with the C11 and C12 detivas
748 predicted as full agonist binders for PPAR

749  Otherin silico profilers, developed within COSMOS, also were &gabl The PFAAs were processed for their
750 potential LXR binding by employing and combinindfeientin silico approaches, including ensemble docking,
751 pharmacophore matching, fingerprint-based simylaitd a QSAR classification model (Fioravanzo et al

752 2013). Similarly as for the LXR nuclear receptoofpler, no LXR binding potential was found. Fugtimore,

753 the substances were screened with profilers fantiat hepatotoxicity, including sixteen structuaégrts

754  associated with observed human hepatotoxicity (Hewal. 2013), for phospholipidosis (Przybylakakt

755 2014) and for protein binding (Enoch et al. 201Hpwever, no positive responses were reported.

756 The USEPA ToxCast program screened the PFAA masawuith chain length 6-11 in up to 800 sepanate
757 vitro assays. They note an increasing trend in cytoitgxvith C-atom chain length as measured in @887
758 cell-proliferation decrease and cytotoxicity assayke ranges of AC50 values are given in Table 8rinex I.
759 Limited cytotoxicity was seen up to C8, but abo\& @any assays while activated were concentraitioiteld.
760  Specifically, activity was seen in several tardasses including PPAR, PXR/CAR, FXR, ER (estrogen
761 receptor), AR (androgen receptor), cell stresswayls and a number of enzymes and G-protein-coupled
762 receptors (GPCRs). PFOA, in the middle of the tlemgnge, had the most evidence for PPAR actiwity i

763 concentration ranges not also associated with@yiwity. Longer chains activated the PPAR assagbaut
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the same concentration as does PFOA, but theylarga@toxic in that range. Shorter chain leng#riants
activate PPAR at higher concentration, or notlahahe concentration range tested (up to @d). PXR
activity is only seen in the middle length rangghviPFOA, again being the only one of these anaeguth
consistent activity outside of the cytotoxicity gan There is some evidence of FXR activity for RFd
PFDA. For ER and AR, there are several activeyassdth the most evidence for receptor-mediateviae
being in PFOA. However, in a more complete analg$ia large number of ER and AR assays, the weight
evidence points towards this activity being nonefgor-mediated, and likely due to some assay-ietenice
process (Judson, personal communicafiofthere is activity in several cell-stress proesser C7 and above,
leading to frank cytotoxicity by C9. GPCR activityseen increasingly with C-atom length. It is tharoting
that the ToxCast program has observed with the@esing assays that surfactants can cause faisgyact
potentially through a protein-denaturation MoA.blea8 in Annex | summarises the Activity in Cell
proliferation depression and cytotoxicity assagsfiToxCast and demonstrates that as the chairhlengt

increases, the evidence for cytotoxicity increasesthe concentration tends to decrease.

Taken collectively, these new methods data sugherpremise that the molecular mechanism of action
inducing repeated-dose liver toxicity of PFAAs BAR-linked; most likely a most likely a combinatioh
PPARy/ PPAR interactions. The new methods data have no ingratie toxicokinetic uncertainty. However
they reduce the uncertainty and increase the weighvidence associated with the toxicodynamic lsirity as

well as the uncertainty associated with mechanistevance and completeness of the read-across.

3Judson, R. 2015. Personal communication referemeerhanuscript currently in development by the USEP

8. Statement of conclusion after considering new methods data

Intermediate size PFAAs are a well-studied grouposhpounds. There is quality vivo data for repeated-
dose toxicity test schemes. Moreover, there arg@eanmew methods data, especially from ToxCast.

Specifically these data better clarify the PPAR«id molecular mechanism of PFAA-induced liver tayic

The new methods data add weight-of-evidence tanitial read-across prediction and the use of tiARL
value for PFOA in quantitative read-across to ottagegory members as the read across predictrefersant
to all regulatory decisions including risk assesstnd he final conclusion of the data evaluatiothest read-
across may be conducted from the most studied gmaJ&®FOA. Specifically, the rat oral 90-day NOAIGL
PFOA, 0.06 mg/kg bw/d (based on hepatocyte necamsishepatocellular hypertrophy and increased liver
weight), may be read across to the untested CZa0danalogues with low uncertainty and used torinfo

regulatory decisions. It is worth noting, this clusion is supported by the vivo data (i.e., NOAELs of 0.1
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mg/kg bw/d) for the C11 and C12 derivatives. Famhore, it is concluded that the oral 90-day NOA&L
PFOA can be red across to the C7 derivative amtist conservative argument.

Disclaimer

This case study has been designed to illustrateifspessues associated with read-across and tougtte
discussion on the topic. It is not intended to &ated to any currently ongoing regulatory discossi on this
group of compounds. The background document hasgrepared to facilitate the discussion at the Tapi
Scientific Workshop and does not necessarily regmeSECHA'’s position. The papers are not final pcdions

and are solely intended for the purposes of thekérmp.
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Table 1. Data Uncertainty and Weight-of-Evidence Associated with the Fundamentals of Chemical,

Annex |1: Template for Assessing Uncertainty for Read-Across

Transformation/T oxicokinetic and Toxicological Similarity

Similarity Parameter

Data

Uncertainty 2
(empirical, modelled)

(low, medium, high)

Strength of

Evidence”
(low, medium, high)

Comment

Substance Identification, low high All category members have CAS numbersjlam2D
Structure and Chemical structure and belong to the same chemical class and
Classifications subclasse
Physio-Chem & Molecular | Empirical: high All category members are appropriately simiéh respect to
Properties low key physicochemical and molecular properties. Where
appropriate (e.g., log Kow) changes in valuesiafet to
Modeled: changes in C-atom chain length. There is a higjnegeof
low consistency between measured and model estimaligesva
Substituents, Functional low high Substituents, functional groups and ex¢ehstructural
Groups, & Extended fragments are consistent across all category member
Structural Fragments
Transformation/Toxicokineti| Empirical: medium Based oim vivo data for multiple category members, there i
¢s and Metabolic Similarity In vivo: low evidence for similar toxicokinetics and metabolathways
In vitro: none within a species. However, bioavailability and retion
different are observed. Comparison of results fesnpirical
Simulated: low studies and model predictions indicate similar inefiam
(i.e., no metabolism) among all category members.
Potential Metabolic Products low high Based oim silico metabolic simulations, no potential
metabolic products are predicted to be produceanyyof the
category members.
Toxicophores /Mechanistic | medium medium Based am silico profilers, outside of PPAR-binding, no
alerts category member contains any established toxicagshor
Mechanistic plausibility and | medium medium Although no AOP is currently avaiator the hypothesized
AOP-Related Events toxicity pathway, many category members have bested for
what is accepted as mechanistically-relevant events
other relevantin vivo, in low high Although not part of the hypothesized i pathway, many

vitro andex vivoendpoints

category members have been tegtedvoin fish for
oxidative stress, oestrogen-like activity and ntitmudrial
toxicity. In addition, many category members hbeen
testedin vitro for cell viability, mitochondrial toxicity and
thyroid hormone receptor binding. There is genagatement
in the trend of the reported EC50 values.

Similarity of chemistry within the category is higWithin the category data similarity and weigiitevidence associated with the
fundamentals of chemical, transformation/toxicokimes moderate to high and uncertainty, mainhatell to excretion, is low to
moderate. Within the category data similarity amght-of-evidence associated with toxicodynamicsbderate to high and
uncertainty mainly related, to the molecular medsrarinducing repeated-dose liver toxicity, is lawmhoderate. Uncertainties
associated with mechanistic relevance and comm@eteof the read-across (i.e., uncertainty in tlediptions) are reduced with the
addition of new methods data and by reading-adross the best studied and most potent analoguéupgnated octanoic acid.

Summary: Key features of chemistry are highly saimitithin the structurally-limited category. Witloted differences between specie
and analogues, key features of toxicokinetics arenson within the category. Category members ansidered mechanistically similaf.
Category members exhibit a similar toxicologicalffle with respect tan vivo toxicity.

2Uncertainty associated with underlying informatitata used in the exercise
P Consistency within the information/data used topgupthe similarity rational and prediction
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Table 2. Template for Assessing Uncertainty Associated with M echanistic Relevance
and Completeness of the Read-Acr oss

Factor

Uncertainty
(low, medium, high)

Comment

The problem and
premise of the read-
across

Low

The endpoint to be read across, oral 90-dagateul-dose toxicity, for straight
chain perfluoronated carboxylic acids, is well-sgadbut not well-understood.
The scenario of the read-across hinges on no mitahaimilar clearance or
excretion and LOAEL of hepatocellular hypertrophigher liver weights and
hepatic inflammatiot

In vivo data read
acr 0ss

Number of analogues i
the source s

n Low; 1 of 4 tested

There is only one suitable catggnember withn vivo apical endpoint data
usable for ree-across

Quality of thein vivo
apical endpoint data
read across

Low; consistent phenotypic
expression of toxicity.

High quality empirical data from standard test gliites for the stated
regulatory endpoint exists for PFOA. Similar ndarslard test data exists for
PFUA and PFDoA. All these data are consistenégards to qualitative
description of effects

Severity of the apicah
vivo hazard

Low.

Potency data for thia vivo apical endpoint is the NOAEL of 0.06 mg/kg bw/|
bases on hepatocyte necrosis (males) and hepatacélypertrophy and
increased liver weight (females) for PFOA (EFSAQ8D This is supported by
thein vivodata (i.e., NOAELs of 0.1 mg/kg bw/d) for the Cdrid C12
derivatives.

jon

Evidenceto the
biological argument
for RA

Robustness of analogu
data set

eLow; numerous endpoints
reveal the same structure-
activity relationships.

The available data froin vivo studies for the category members is extensiy,
with several assays being used and most if nthalhnalogues tested,
especially the source analogue. The tests wegeflith be reliable and
conducted under the appropriate conditions.

Concordance with
regard to the
intermediate and apica
effects and potency
data

Medium; limited by lack of
mechanistic plausibility.

While data is limited, there appears to be gooeéement between the
sequences of biochemical and physiological eveaidihg to thén vivoliver
toxicity. There is consistency and high specifi¢dr the association between|
in vivo symptoms anéh vitro endpoints, and the structural domain of the
category. There is general agreement among tterdsponse relationships
the tested category members for relein vitro event

of

Weight of Evidence

Low to medium

Overall the avialéainformation is generally consistent with thatst
premise. The sharp structural limitations on th&gory strengthen the WoE.
While the toxicokinetics data is limited, the laatkinconsistencies and lack of
metabolism adds to the WoE. However, the varighiti clearance rates do td
reabsorption in the kidney reduces the WoE. Thetfe source substanice

vivo data is supported by similar data for two othalegues adds to the WoE.

The fact that there is consistent releviantitro data for most if not all the
category members strengthens the WoE. The lackriistent mechanistic
plausibility weakens the WoE. However, this isseffby the consistency in
results from molecular interaction assays. Newho@tdata is consistent with
the premise of the read acr.

The overall uncertainty associated with this reeibss prediction is judged to be acceptable taesé-across-based predictions to fill
data gaps for regulatory decisi.
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