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PathologyReview
ofTumors ReportedinRatsGivenFM-3924

Introduction:Thisreportpresentsanindependentassessmentoftumorigenesisdata
obtainedfroma studytodeterminethechronictoxicityand carcinogenicpotentialofthe
fluorochemicalFM-3924 in rats.The study,entitled"Two Year (Diet)Toxicity/
CarcinogenicityStudyofFluorochemicalFM-3924 inRats,"was sponsoredby the3M
Company, St. Paul, Minnesota. Biophaseprocedureswere conductedat Riker
Laboratories,Inc.,betweenApril,198,1and May, 1983 and were incompliancewith
FDA Good LaboratoryPractice(GLP) guidelines.At RikerLaboratories,LeonardJ.
Sibinski,BA, servedas theStudyDirector.Followingin-lifeprocedures,allmajor
organsand tumors were processedintomicroslidesand examinedby Robert G. Geil,
DVM, DACVP. Dr.Geil'sfindingsand interpretationswereincorporatedintothefinal
reportforthestudy.

For thetumorigenesisreview,thecompletestudyreport,includingallrelevantpathology
datawas forwardedtoPathologyAssociatesInternational(PAI),West Chester,Ohio for
examinationby RichardH. Bniner,DVM, DACVP. The sponsor(3M) regardedoriginal
pathologyinterpretationsby Dr.Geilas adequate,and examinationofmicroscopictissue.
sectionswas notincludedinthereviewprocess.Specificobjectivesofthereviewwere to
evaluatetumor dataand toprovidean opinionrelativetothepotentialrelationshipof
reportedneoplasmswiththetestmaterialbasedupon: 1.Ile incidenceand morphology
of observedtumors and associatedproliferativeand non-proliferativelesions.2. A
literaturereviewto examinethebiologicbehaviorandcarcinogeneticpotentialof similar
fluorochemicals,3. Contemporaryknowledgeoftumormechanisticdata,especiallywith
respectto possibleepigeneticpathways, 4. Considerationof chronictoxicity,
immunosuppression,hormonalmodulationor ancillarybiochemicalinteractionswhich
may serveas modulatingfactorsin thedevelopmentof tumorsin thisstudy,and
5.Personalexperienceinevaluatingrodentcarcinogenesisbioassays.

Review Procedures and Findings

1. Reported tumorigenesis and ancillarypathologicchanges for FM-3924:
Based upon reportedpathologyfindings,the*reviewpathologistconcurred that
treatment-relatedchangeswere presentat boththe 1-Year(interim)and 2-Year
(terminal)sacrificesaswellas insome unscheduleddeaths.At the 1-Yearinterim
sacrifice,treatment-relatedchangeswere generallyrestrictedto theliverand were
characterizedby a dose-dependentincreaseinhepatocellularcytomegaly,vacuolation
and necrosisalongwithslightlyincreasedinflammatorycellinfiltrates.Cytomegaly
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and vacuolationwere generallyconsistentwith treatment-inducedperturbationof
livercellmetabolism resultinginhypertrophyviaproliferationofperoxisomes and/or
smooth endoplasmic reticulum(P-450 enzyme induction).Hepatocellularnecrosis
was largelyattributedtochroniclivercellswellingwith compromised metabolism
and/orreduced bloodperfusion(hypoxia).

Treatment-relatedmicroscopicfindingsin unscheduleddeathsand animals continued
untiltheterminal(2-Year)sacrificeincludedpersistenthepatocellularcytomegaly and--
vacuolationinboth sexes.Additionally,cystoiddegeneration("spongiosishepatis")
of the liverwas significantlyincreasedin high dose males. Most notably,
hyperplasticnodules were increasedin the liverof both sexesand hepatocellular
adenomas and carcinomas were increasedinfemales.

Based upon reportedpathologydata,dietarylevelsof 100 ppm FM-3924 fortwo
yearsresultedin unequivocalhepatocellularcytomegaly,vacuolation and cystoid
degenerationas well as increasedhyperplasticnodules in both sexes and increased
adenomas and carcinomas in high dose females. Although increasedhepatocelludar
neoplasms were not reportedin males,itis likelythatsome of the "hyperplastic
nodules" (in both sexes)would be regardedas hepatocellularadenomas if
contemporarydiagnosticcriteriawere applied(1).Itisnoteworthy,also,thathepatic
cylomegaly was observed'inmales given 10 and 30 ppm of the testmatereial
suggestingthata NOEL forhepatocytomegalywas notachievedformales assignedto
thisinvestigation

2. Literaturereview ofthe biologicbehavior and carcinogenicpotentialof
fluorochemicals

The reviewerregardedthetestmaterial(N-ethylperfluorooctanesulfonamidoethanol)
as a unique xenobioticwith unknown structure-activityrelationships.A limited
literaturereview was conductedto determineifthe biologicalbehavior,including

tumorigenesis,of similarfluorochemicalshad been reported.The literaturereview
includeda survey of rodentcarcinogenesisbioassayscompleted by the National

Toxicology Program (NTP) and selectscientificjoumals and biologicalextracts.
Although no carcinogenesisbioassayswith "complex" fluorochemicalswere
discovered,severalrelevantreportsconcerning subchronic investigationswere
located.Additionally,severalreports,includingtheNTP 2-yearbioassayof sodium

fluoridewere availabletoprovideperspectiveson thebiologicaleffectsof long-term
fluorideexposure.Resultsof thesestudiesarebrieflysummarized as follows:

1. Subchronictoxicitystudiesin ratswith "complex" fluorochemicalshave
identifiedtreatment-relatedhepatocellularhypertrophy(cytomegaly)similarto
findingswith FM-3924. In studiesconductedby Van Rafelghem etal,a single
intraperitonealinjectionof perfluoro-n-decanoicacid (PFDA) in severalrodent
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speciesresultedinpersistenthepatocellularswellingwhich,ultrastructurally,was
characterizedby peroxisomalproliferation(12).

In subchronicstudiessponsoredby the 3M Company, Griffithand Long
administeredammonium perfluorooctanoateto rats,mice and monkeys via oral

routes(3).At doses of 30 ppm or greater,ratsdisplayedhepatocellular
hypertrophy.This change was more prevalentand severeinmales. Noteworthy
was the obser-vationthatallmice given doses of 1000 ppm ad libidum and all
monkeys given 100 mg/kg/day (gavage)died preterniinally.Additionally,all

monkeys given 30 mg/kg/day displayedanorexia,emesis,black stools,facial
pallor,and prostration;and one monkey given 10 mg/kg/day displayedanorexia,
blackstoolsand facialpallor.- Livereffects,however, were not observedin
monkeys assignedto thesestudies.Furthermore,microbialassays using five
Salmonella stainsand one Saccharomyces strain,with and without metabolic
activation,didnotrevealmutagenicactivityforthetestmaterial.

2. Review of studiesrelatingto thechronictoxicityof fluorideand fluoride-
containingcompounds was limitedtotheNT? 2-yearcarcinogenesisbioassayof
sodium fluorideand selectenvironmentalstudiesoffluorideincattle.IntheNTP

study,treatment-relatedpathologicchanges were not observed in the liverof rats
given dietaryconcentrationsof up to 175 ppm sodium fluoridein the drinking
waterfortwo years(11).Furthermore,in-an extensivesarveyof cattleexposed to

high environmentalfluorideconcentrationsfor lifetimeperiods,increasedliver
diseaseor neoplasiawas notreportedalthoughmany animalsexhibiteddentaland
skeletalchanges typicalofadvanced fluorosis(9).

3. Mechanisms resultingin increasedhepatocellularnodular hyperplasia and
neoplasiain ratsgiven FM-3924:

Resultsof possiblegenotoxicitystudieswithFM-3924 were not provided to the review
pathologist.Itwas reasonedthatthiscomplex fluorochemicalprobablywas not strongly

mutagenic and thatmost biologiceffectswere due to perturbationof livercell
metabolism,with peroxisomalproliferationand generaldisruptionofmultiplemetabolic
pathways. Accordingly,itislikelythatthedevelopmentoflivercelltumors (andnodular
hyerplasia)was associatedwith epigeneticmechanisms, possiblyincludingperoxisomal
proliferationand geneticdamage (ploidy)associatedwithoxidativestressand/oraltered

regulationof the cellcycle. Followingpublicationof the finalreportfor thisstudy
(1988), numerous journalarticleshave been publishedwhich identifycarcinogenesisin
rodentsfollowingexposuretonon-genotoxictestmaterials.Subsetsof thesechemicals
which inducelivercelltumors inrodentsare characterizedby antecendenthepatocyto-
megaly and peroxisomalproliferation(2,5,6,8).
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4. Effectsofancillarybiochemicalinteractionswhich may have served as tumor
promoters:

Comments relativeto allmetabolicaberrationswhich may have influencedlivercell

tumorigenesisinthisstudywould be largelyspeculative.Itshouldbe noted,however,
thathepatictoxicitywas unequivocallylinkedwith ingestionof FM-3924, and at high
dose levelslivercellalterationshad resultedin necrosis.Correspondingly,accelerated
proliferationof hepatocyteswould be expectedtorepairdamaged tissue,and may have
servedas a tinnorpromoter (10).Although itshouldbe emphasizedthatincreasedliver
cellproliferationwhich may occurinrodentsfollowingexposuretomany toxicmaterials
does not invariablyresultinincreasedturnorformation,most pathologistsagreethatcell

damage which promotes inincreasedmitoticactivitymay contributetotumor formation
(4,10,13).

5. Personalopinionrelativetoa relationshipbetweenproliferativelesionsand
FM-3924 observedinthisstudy:

Itismy opinionthatdistinctincreasesinhepatocellularneoplasmsinhighdosefemales,
combined with increasedhyperplasticnodules in both sexes areclearindicatorsthatthe
testmaterialshouldbe regardedas a livercarcinogenin Spmgue Dawley rats. Other
proliferativelesionsand neoplasms were consideredto be spontaneousalterationsor
secondaryto the systemiceffectsofalteredhepatocellularmetabolism (7). Based upon

histomorphologicchanges observedin thisstudy,itislikelythatepigeneticmechanisms
(especiallyperoxisomalproliferation,oxidativestressand otherfactorswhich deregulate
thecellcycle)were key factorsinthedevelopment of hepatocellularproliferativelesions.
Ancillarydatawhich would supportepigeneticpathways fortumorigenesisin thisstudy
would providea rationaleforselectionof exposurethresholdsinhumans. Based upon
referenceliteratureavailableforthepreparationof thisreview,liverdamage, including
carcinogenesis,has not been reportedin humans exposed to testmaterialsthatpromote
hepatocytomegaly and neoplasiain rodentsvia peroxisomalproliferationand associated
metabolicperturbations

Additional Information which might Contribute to the Safety

Assessment of FM-3924

I. Mutagenesis assaysor ancillaryproceduresto establishthegenotoxicpotentialof the

testmaterial.
2. Cellproliferationstudiestoprovidean index treatment-relatedincreasesin the cell

cycle.

3. Uluwtrucwral analysesor contemporaryanalyticalproceduresto confirm the
possibleperoxisomalproliferationand ancillarymetabolicperturbations.

4. Recovery studiestoestablishthepersistenceof livercelleffectsfollowingsubchronic
exposuresto FM-3924.
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Conclusions:Baseduponreviewoftheinformationavailableinthestudyreport,itis
my opinionthatdietary FM-3924 for 2 yearsresultedin chronicliverchanges
(megalocytosis)in malesatalldoselevels(10,30 and 100 ppm) and forfemalesatthe
highdose concentration(100ppm). At thehighdoselevel,hyperplasticnoduleswere
increasedin both sexesand hepatocellulartumors (adenomas and carcinomas)were
increasedin females.Incidencevaluesforliverproliferativelesionsindicated-thatFM- -
3924 shouldbe regardedas a livercarcinogenforSprague Dawley mts under the
conditionsofthisstudy.The presenceofpersistent,dose-dependentlivercellcytomegaly
suggestedthatepigeneticmechanisms were causativefortumorigenesisinthisstudy,and
thatsafe exposurethresholdsmay be establishedprovidingthattoxicokineticand
ancillarydatado not indicateadditionaladverseeffectssuch as reducedexcretionand
bioaccumulation.

RichardH. Bruner,DVM, DACVP Date
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