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Abstract

A Web-basedstatisticaltool for samplesize and pawer estimationin animal
carcinogenicitystudiess presentedéh this paper It canbeusedto provide adesign
with sufcient powerfor detectingadose-relatettendin theoccurrencef atumor
of interestwhencompetingrisks arepresent.The tumorsof interesttypically are
occulttumorsfor whichthetime to tumoronsets notdirectly obserable. It is ap-
plicableto rodenttumorigenicityassayshathave eithera singleterminalsacri ce
or multiple (interval) sacri ces. Thedesignis achiezed by varyingsamplesizeper
group,numberof sacri ces,numberof sacri ced animalsat eachinterval, if ary,
andscheduledime pointsfor sacri ce. MonteCarlosimulationis carriedoutin this
tool to simulateexperimentf rodentbioassaybecausao closed-fornsolutionis
available. It takesdesignparameterfor samplesizeandpower estimatiorasinputs
throughthe World Wide Weh The core programis written in C andexecutedin
thebackgroundlt communicatesvith theWebfront endvia a ComponenDbject

ModelinterfacepassinganExtensibleMarkupLanguagestring. Theproposedsta-



tistical tool is illustratedwith ananimalstudyin lung cancempreventionresearch.
Key Words: Competingisks; Experimentatiesign;Monte Carlosimulation;Mul-

tiple/SingleSacri ce.

1 Intr oduction

Dueto easyaccessibilitythe World Wide Web (WWW) providesanexcellentenviron-
mentfor deploying statisticaltools. Onemajoradwantageto the userss thatstatistical
designandanalysiscanbeperformedatary placewhereaninternetconnections avail-
able. It doesnotrequirethata useracquire download,or purchase statisticalsoftware
to run a program. The technologyfor the WWW interface hasbeendevelopedand
appliedto variousstatisticalapplicationgto namea few: Ban eld, 1999;Firth, 2000;
WestandOgden,1997).

A Web-basedamplesizeandpowerestimatomusingMonte Carlosimulationis pro-
posedn thispaper Thisstatisticatoolisdesignedor animalcarcirogenicity/tumorigenicity
studieson occulttumors,andfor rodentbioassaysvith a singleterminalsacri ce or
multiple (interval) sacri ces. The estimatortakesinputsfrom the WWW throughan
ExtensibleMarkupLanguagdXML) interfaceandsimulategshespeci eddesignin the
background.The designinput parameterinclude (a) numberof dosegroups,(b) type
of experimentswith the numberof interval sacri ces, (c) dosemetricin eachgroup,
(d) samplesizepergroup,(e) time pointsfor sacri ce, (f) numberof sacri cedanimals
at eachinterval, (g) tumor onsetprobability in the control group, (h) shapeof tumor
onsetdistribution, (i) hazardratio betweeneachdosegroupandthe controlgroup,(j)
competingrisks survival ratein eachgroup, (k) parameteto determineethality rate
in the controlgroup,(l) signi cancelevel of a one-or two-sidedtest,and(m) number
of simulationruns. This tool sendsresultsbackto the uservia e-mail. The results
include summarystatistics,suchasthe simulatedaveragetumor onsetprobability in
eachgroup,thesimulatedaveragecompetingiskssurvival ratepergroup thesimulated

averagetumor lethality ratein eachgroup,alongwith the designconsiderationsand



theestimatedower. In this study the coresimulationprogramis writtenin C.

Animal carcinogenicitybioassaysre routinely usedto evaluatethe carcinogenic
potentialof chemicalsubstance$o which humansare exposed. In a typical animal
carcinogenicitystudyon occulttumors,eachanimalis assumedo begin with atumor
free state. Mice or rats are commonly usedspecies. They are randomizedinto a
controlgroup(typically, animalshatareexposedo acontrolagentor obsenedwithout
any exposure)or into 2 to 3 testgroupsthat receve speci ed levels of exposureand
are obsened until they eitherdie or are sacri ced. In an experimentwith multiple
sacri ces,sacri cedanimalsarepre-assignetb aspeci ¢ doselevel andsacri cetime
atthebeginningof theexperiment.In a singleterminalsacri ce, all surviving animals
aresacri cedandsubjectedo necropsyatthe endof theexperimentwhichis typically
a periodof 104 weeks(2 years). During the study ageat deathandthe information
onthepresencer absencef the tumor of interestarecollectedfor eachanimal. The
primarygoalof theexperimenis to assesadose-relatettendof testagenexposuresn
theincidenceof thetumorof interest. Thetumorof interestcanbeany occulttumorfor
which thetime to tumoronsetis not directly obsenable. Our softwarecanalsoseeka
reducedlesign(78- 104weekswith anacceptabl@ower. Theproposedtatisticatool
canalsobeusedto seekan optimal designby choosingthe designwith the maximum
power of the trendtestfor a given total samplesize. This tool will help researchers
conductmoreef cient andcosteffective experiments.

Thelogranktestof MantelandHaensze{1959)maybeusedfor comparinghazards
of deathfrom rapidly lethaltumors. To comparethe prevalenceof nonlethaltumors,
the prevalencetestproposedy Hoel and Walburg (1972) may be usedfor incidental
tumors.However, thedataobtainedromacarcinogericity experimentgeneally contain
a combinationof fatalandincidentaltumors. Petoet al. (1980)suggeste¢ombining
the fatal andincidentaltestsfor comparingtumor onsetdistributions. The procedure
proposedy Petoetal., hasbeencalledthe cause-of-deattestor the Petotest.

The developmenif the presentedtatisticaltool is motivatedby a seriesof animal

studiesatM: D: AndersonCanceiCenterthatexploresthe mechanismsinderlyingthe



chemopreentive effectsof testagents. The rst stepis to establishthe carcinogenic
potentialof thetobaccacarcinogemMINK, abyproducof tobaccasmole,in retinoicacid
receptor (RAR- ) transgeniaenice. ThePetotest,recommendedy thelnternational
Ageng for Researcton Cancer(IARC), is usedto comparethe tumorincidencerate
amonggroupsin the presencef potentialconfounders.It is a widely usedstatistical
testto determineadose-relatetrendfor atestagentin theoccurrencef occulttumors.
The purposeof this paperis to presenta statisticaltool for Web-basedamplesize
andpowerestimatiorusingthe Petateststatisticto provide suf cient powerfor detectirg
a dose-relatedrendin the occurrenceof a tumor of interest. This packagesimulates
rodentbioassayexperimentswith either a single sacri ce or multiple sacri ces. A
comprehensielist of desigrparametersanbespeci edby theusesthroughthe WWW.
The underlyingmodelsare describedn Section2 A detaileddescriptionof the use
of the proposecestimatoris demonstrateih Sectionld A designof a carcinogenesis
experimentfor lungcancempreventionresearchisillustratedin Sectiordlasanexample.
Concludingremarksand suggesteduture study directionsare describedn the last

section.

2 Model and Testfor a SampleSizeand Power Estima-
tor

Considemcarcinogenicity/tumorigenicitgxperimentith thecontrolgroupandG 1
dosegroupsof animals. Supposehat N; animalsarerandomlyassignedo thei-th
group,andthey arefollowed over time for the developmentof irreversibleandoccult
tumors. The animalsin thei-th groupreceie a doselevel of *; of atestagent. We
assumehatall animalscomefrom the samepopulationandhave notumorondayzero

of theexperiment.Thetime scaleis dividedinto J intenalssuchthatthe j-th interval



sacri ces,tjy denotegheterminalsacri ce time point.

It is assumedhat threeindependentandomvariablescompletelydeterminethe
obsened outcomefor eachanimal. The randomvariablesare the time to onsetof
tumor, Ty; the time after onsetuntil deathfrom the tumor, T; andthetime to death
from competingrisks, Tc. Also let T1 C T D Tp, whereTp representshe overall
time to deathfrom the tumor of interest. Thusthe tumor of interestis presentin an
animalatthetime of deathif Ty  minfTc; Tsg whereTs denotesa scheduledime
to sacri ce of ananimal. WhenTp  minfTc; Tsg ananimaldiesfrom the tumor of

interest.Otherwisejt diesfrom competingrisksor sacri ce.

2.1 Distrib ution of the Random Variables

e Time to tumor onset(Ty)

Let §.t/ beasurvival functionof thei-th groupwith respecto arandomvariable

T, representingime to onsetof thetumorof interest.AssumeS .t/ follows a Weibull

distribution: S.t/ D exp Ct=tnad 2 1)
where 1 0, 2 0, andtmax representshe durationof the studyor thetime for a

terminalsacri ce. Thehazardatio ; betweerhei-th dosegroupandthecontrolgroup

(i D 1)istypically greatetthanorequalto1 ( ; D 1fori D 1and ; > 1fori > 1)for

probabilityl S.tnmax attheendof thestudyin thecontrolgroup.With 1 D 1anda
givenshapeparametery; 1D log S .tmax/ - In thisestimatoywe allow the valueof
theparameter, of theWeikhull distributionfor rangingbetweenl:0 and6:0 in orderto
re ect awide variety of tumoronsetdistributions. Whenthereareno competingrisks,
thetumoronsetprobabilityatthe endof the studyin eachdosegroupis determinedy
thehazardatioandthebaselindaumoronsetprobabilityin thecontrolgroupby theend

of thestudy

» Time to death from competingrisks (Tc)




Thesurvival functionfor time to deathfrom competingrisks, Tc, is takento be
Q;.t/ D exp i. it C ot 3/ ; (2)
where ; 1, 1 0; 2 Oand 3 O(Portieretal.,1986). With ;1 D 1linthe
controlgroup(i D 1), 3 canbecalculatecas
|Og f |Og Qltmax/C 1tmaxg: 2 zlogtmax
underthe constrainthat Q1.tmax < eXp.  1tmax, WwhereQ1.tmax/ is the probability

of survival with respecto competingrisksin the controlgroupat the endof the study
Thevaluesof 1 and , arechoseras10 # and10 16, respectiely. Thesevaluesare
closetotheonestted to thehistoricalcontroldatasuchasFisher344ratsandB6C3FH
micein Portieretal. (1986). Theseparameteraluescanbe alsofoundin mary other
settings(KodellandAhn, 1996,1997;Kodell etal., 1997; Ahn, Zhu andYang,1998;
Ahn et al., 2002). The competingrisks survival rate canbe determinedaccordingto
tumortypesandhistoricaldatashowving the survival ratesof miceandrats. Thevalue
of i canbecalculatedafterspecifyingthecompetingiskssurvival rate Q;. tmax/ in @)

suchthat ;| D log[Qj.tmax/] =10gTQ1.tmax/ U

e Time to tumor death (T2)

For simplicity, the survival distribution for tumorinducedmortality, T», is takento
have the sameform asthatfor deathfrom competingrisks
Fi.t/ D exp i. 1t C ot 3/ ; 3)
andthe valuesof 1; 2 and 3 remainthe sameasin (). Thesetypesof models
usinga modi ed Weibull distribution canbe found in otherliterature (Kodell, Chen
andMoore,1994;Ahn andKodell,1995;KodellandAhn, 1997). Theparameter 1 is
selectedy theuserto re ect varioustumorlethalitiesfrom low tumorlethality (where
approximately5% of obsenedtumorsarethe causeof death)to high tumor lethality
(whereapproximatelys0%or higherof obsenedtumorsarethe causeof death)in the
control group. We alsoassumehat oncethe tumor is developed,the distribution of
time to death(T>») is the samein all dosegroups. Therefore, ; D 1 foralli. The
lethality parametemdicateshow the presencef atumorof interestaffectssurvival. A
highly lethaltumor could leadto deathshortly afterits onset. Lessrestrictive choices

for thedistribution of T, canalsobeconsidered.



2.2 Construction of the Peto Test

Thedataaregeneratecccordingo the distributionsof T1, To andT¢ for eachanimal.
They arecollectedat the j-th interval accordingto the following v e events: animals
died from the tumor of interest(d;), animalsdied from competingrisks while having
the tumor of interest(ayj), animalsdied without tumor (b1j), animalssacri ced with
tumor(az;j), andanimalssacri cedwithouttumor(bz;). An animaldiesfrom thetumor
of interestin the j-thinterval if Tp 2 |j andTc > Tp. An animaldiesfrom other
causesvith thetumorof interestn the j-thintervalif Tp > Tc; 1 Tc; andTc 2 1.
On the otherhand,an animaldieswithout the tumor of interestin the j-th interval if
Tc 2 Ij andTy > Tc. A sacri ced animalhasthe tumor of interestat the time of
sacrice(tj)if Ty tj; Tp > tj; andTc > t;. It doesnothavethetumoratthetime of
sacri cewhenTy > tj andTc > tj. Thesedataareappliedto the Petotestto estimate
samplesizeandpower.

First, considerthe animalsthat did not have the speci ¢ tumor beforedeathor
tumorbearinganimalsfor which that tumor was not the causeof death. Let njj D
agjj C agjj C byjj C byij bethe numberof animalsin groupi dying duringinterval I
from causesinrelatedo thepresencef thetumorofinterestandletyj; D ayjj Cagjj be

thenumberof theseanimalsin whichthetumorwasobsenedin theincidentalcontext,

besummarizeiha2 G table,asin Tabldll All tumorsfoundin sacri cedanimalsare
classi edasincidental. Theintervalsde ned by thepre-assigneti TP intervals(Bailer
andPortier 1988)arerecommendetb implementthe incidentalpartof the Petotest.

Theexpectechumberof tumorsin thei -thgroupfor the j -thintewvalis Ejj D y:j Kjj,
whereKjj D njj=n;j. Thus,theobsenedandexpectednumbersof tumorsin thei-th
groupovertheentireexperimentareO; D P ]-JDlyij andEj D P fDl Eij, respectiely,
fori D1;:::;G. De ne 3

DiDO; ED .yj Ejl

and ¥J ib1

Vii D iKej.o ri Kijl;
iD1



Tablel: Tumorprevalencedatafor incidentaltumorsin interval |

Dosegroup
1 2 G Total
# with tumors Yij Y2j YGj Y:j
#withouttumors nyj  y1; N2j  Yoj nGj Yej Nj VY
# deaths Ny n2j NG;j n;j

Table2: Tumormortality datafor interval |

Dosegroup
1 2 G Total
# fataltumordeathsn 1 X1j X2j XGj X:j
mij  X1j M2j X MGj XGj Mj X
#survivingin 1 my; my; mg;j m:j

where j D y:;j.n;j y:j/=.n;j 1/; and i isdenedaslif r D i and0 otherwise.

Secondgonsidetheanimalghatdiedwith atumorof interest. Themethodusedor
thefataltumorsis similarto thatusedfor theincidentatumors. Tabledis acontingeng
tablefor tumormortality datain the j -thinterval. Data-determinethtervalsde ned by
theactualdeathtime of ananimalwereusedfor thefataltumoranalysis.Let mjj bethe
numberof animalsin groupi surviving atthe beginningof theinterval, andxij D dij
be the numberof theseanimalsdying from the tumor of interestin thatintenal. A
vector Dy, that hasthe differencesof obsened and expectedvaluesusingthe datain
Tableldis calculatedn thesameway asfor theincidentaftumors,andthecorresponding
covariancematrix Vp, is computed.

Theanalysisof dataon occulttumorsusingcontexts of obsenationis basedn the
vectorD = D4 + Dy, with covariancematrixV D V4 C V. Thenadose-relatetrend

testcanbeconsideredy using



p____
ZrDITD= ITVI;

0D "1 < "2< :::< "g. Underthenull hypothesisZr is asymptoticallydistributed

asastandarchormal.

3 Usageof SampleSizeand Power Estimator

Theproposedstimatoifor samplesizeandpowertakesinputparameterfrom aseries
of pagesin the Web site (http://biostatistics.mdandersongdACSS).Thetitle pagein
Figure[ provides a generaldescriptionof the proposedestimator By clicking the
Continuebutton, it movesto a userlog-in andregistrationpage asshavn in Figurel2
A new useris requiredto registerto obtaina usernameanda passvord.

Usersmaysave or retrieve theirwork by enteringor selectinga le name.For atest
run,thesessiomayremainas“default”, asshovnin Figureld A defaultsessiomame
automaticallygeneratedby concatenatingheusemame dateandtimeis provided,and
it shall be usedasthe “subject” of an e-mail for delivering the output. The session
namemay be changedasthe userwishes. Figuredl shavs a pageof the detailedinput
parameterin anexperimentaldesign. It startswith requestinghreeinput parameters
(a) the numberof dosegroups,(b) whetherthe experimentusesmultiple sacri cesor
a singleterminal sacri ce, and(c) aninteger seedfor the randomnumbergeneratar
The numberof dose(or treatment)groupscommonlyconsiderecare 2 to 4 groups,
including the control group. An experimentwith multiple sacri cesis simulatedto
performsacri ces at speci ed interim time points, aswell asa terminal sacri ce at
the endof the study All the remaininglive animalsare assumedo be sacri ced at
theendof the experiment. The numberof scheduledacri ces,includingtheterminal
sacri ce,istypically either3 or 4 in atwo-yearstudy In addition,aseedor therandom
numbergeneratocanbe choserby theuserasary positive integerfor theMonte Carlo
simulation.

Figured shows otherdetailedinput parametersyhich are (a) dosemetricin each
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Figurel: A generaldescriptionof the proposedstimator
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Figure2: A userlog-in page

Figure3: The rst inputpage
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Figure4: Input parametersnthe samplesizeandpower estimation
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group, (b) samplesize per group, (c) sacri ce time points, (d) numberof sacri ced
animalsattheendof eachtimeintenal, (e)tumoronsetprobabilityin thecontrolgroup,
(f) shapeparametenf the Weibull distribution for time to tumoronset,(g) hazardratio
betweeneachdosegroupandthe control group, (h) competingrisks survival rate per
group, (i) tumor lethality rate (low, intermediateandhigh), (j) value of the lethality
parameteto determinelethality ratein thecontrolgroup,(k) signi cancelevel of one-
or two-sidedtest,and(l) numberof simulationruns. Typically, animalcarcinogenicity
studieson occulttumorsareconductedn a durationof 104weeks.This statisticaltool
canalsoseekan ef cient reduceddesign(78 - 104 weeks)with anacceptablgower.
Thedefaultvaluesareshavnin Figures3 - 5 for atypicaltwo-yearbioassayxperiment
that hasmultiple sacri ces. For a designwith 4 groups,the doselevels may be set
asarelative dosemetricof 0, 1, 2 and3 or 0, 1, 2 and4 with respecto the control
and3 dosegroups. Alternatively, the actualdoselevelsmay be usedin adesign.In a
typicaltwo-yearanimalcarcinogenicitystudyon occulttumors,50 or moreanimalsare
consideredn agroup. However, adifferentnumberof animalspergroupmaybeused
in adesign.Oneneeddo specifythetime pointsof sacri cesin weeks.For atwo-year
study NTP intenalsare,for example,0 - 52,53- 78,79- 92,and93 - 104weeks.For
analyzingsingle-sacri cedatawith thePetotest(describedn Section2), NTPintervals
wereusedfor theincidentaltumors. The NTP intervalsfor atwo-yearstudyaregiven
asadefault. The numberof sacri ced animalsis decidedat the beginning of a study
Eitherthe samenumberof sacri ced animalsor a differentnumberof animalscanbe
speci edin eachgroupand/oreachinterval.

Theprobabilityof tumoronsetby theendof thestudy in thecontrol group needdo be
speci edin adesignto determinghetime to tumoronset.A tumoronsetprobability of
eachdosegroup thereforejs determinedy ahazardatioandatumoronsefprobability
in the controlgroup. An underlyingdistribution of time to tumor onsetis assumedo
beaWeibull distribution (KodellandAhn, 1997). The shapgrarametein the Weibull
tumoronsetdistribution rangesetweerll.0 (exponentialdistribution) and6.0in order

to re ect a wide variety of tumor onsetdistributions. The hazardratio is a ratio of
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Figure5: More input parametersnthe samplesizeandpower estimation
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hazardatesbetweeradosegroupandthecontrolgroup. A usemeedgo specifyG 1
hazardatios,whereG isthenumberof groupsjn theestimatiorof samplesizeto havea
desirabladegreeof powerto detectaspeci edhazardatio. Intercurrentnortality refers
to all deathsnot relatedto tumorsof interest. The cause®f intercurrentmortality are
referredto ascompetingisks. Sinceaspeci ¢ typeof tumormayoccurin thepresence
of competingrisks, intercurrentmortality rates(competingrisks survival/deathrates)
areconsideredn ourdesign.They maybethe sameor differentacrossdosegroups.

Thelethalityparameteneedgo besetto govemthetumor lethality ratein thecontrol
group. Threetumor lethality rates(low, intermediateandhigh) areconsideredn this
paper Tumorsof low lethalitygenerallyhaveratesbelon 10%. Tumorsof intermediate
lethality aretypically thosewith ratesbetweer85%and40%. Therates60%andabove
areconsideredshighly lethal. To facilitatethe choiceof a tumorlethality parameter
referencetable(s),dependingon study duration, tumor onsetprobability and tumor
onsetdistribution, will be shovn in a separatevindow by clicking the Help buttonin
the sectiondescribingthe tumor lethality parameteillustratedin Figure5. Thetable
entriesare obtainedfrom a databasehat storesthe information of a wide rangeof
lethality ratesby the durationof the study tumor rate and tumor onsetdistribution.
The value of a lethality parameterthen, canbe chosenfrom the referenceables. A
referenceableis shovn in Figure6 asanexample. Tables3-5 containparametevalues
to re ect tumorlethality. Thesevaluesarepredeterminedy a numericalmethodfor
a simulationmodelsimilar to (1)—(3) in Section2.1becaus¢hereis no a closed-form
solutionto obtainthelethality parametewalues.

The signi cancelevel of thetesttypically canbe speci ed 1%, 5% or 10%. The
choiceof a one-or two-sidedtestis alsoneededo estimatgpower. Thenumberof data
sets(i.e., simulationruns)needgo be decidedfor the Monte Carlosimulation. In this
example,5000simulationrunsaregivenasa default value. The e-mailaddres®f the
useris requiredto receve simulatedresultsvia e-mail.

Beforesubmittinginputparametersall designparameteraredisplayedonceagain

ontheWeb pagefor veri cation (SeeFigure7). Onceall theinput parametergntered
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Figure5: More inputparametersn thesamplesizeandpower estimation(continued)
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Figure6: Helpful guidelinesfor selectingthe tumorlethality parameter

Figure7: Input parametersonsidered
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Figure7: Input parametersonsideredcontinued)

arecon rmed, they aresubmittedto the compiledC programfor simulationruns.
Whenthesimulationrunsarecompletedanoutput le is sentto thee-mailaddress
speci ed by the user A simulationwith 5000runstypically takes about5 minutes.
The output le containsdesignparametersaveragetumor rate, averagecompeting
risks survival rate, averagelethality ratefor eachgroup,andaveragedeathrate with
informationon tumorsandsacri cesperdosegroup. At the end,the powerto detecta
dose-relatetrendis shovn. Figure8 shavsanimageof theoutput le generatedrom

theabove example.

4 Example: Testingthe CarcinogenicPotential of NNK
in a Prevention Study for Lung Cancer

Thedevelopmenbf thisstatisticatool wasmotivatedby arecenfungcanceprevention

studydevelopedat M: D: AndersonCancerCenter Oneparticulargoal wasto evalu-
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Figure8: Contentsof anoutput le
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Figure8: Contentsof anoutput le (continued)
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atethe carcinogenigotentialof thetobaccaocarcinogerNNK, a byproductof tobacco
smole,ontheincidenceof lungadenomaandadenocarcinomgsccurringeitherspon-
taneouslyor following exposureto the tobaccocarcinogerNNK) in transgeniamice
thatexpressantisenseetinoicacidreceptor (RAR- ). A Web-basedamplesizeand
power estimatomwasappliedto provide sufcient power to detecta dose-relatedrend
of the occurrenceof lung adenomasind adenocarcinomaslhe estimationof sample
sizeandpowerwasconductedy the Petotest(seeSection?2).

The power computationis basedon the following assumptionsOnehundredanti-
senseRAR- hemizygoug+/0) miceandonehundredantisens&RAR- homozygous
(+/+) micewill be obtainedfor the experiments.For eachtype of mice, fty micewill
berandomizednto a groupthateitherrecevesor doesnot receve exposureto NNK.
Totestthecarcinogenig@otentialof NNK, adosemetricof 0 or 1 is usedfor thecontrol
groupor exposedgroup,respectiely. Serialsacri cesarescheduledit weeks39, 52,
65, and78 (atthe endof the study). Thetime to lung cancerdevelopmentis assumed
to follow a Weihull distribution with theshapeparameteB. It is expectedthat55% of
theantisens®AR- hemizygousnicewill developalungcanceby 78weeks.Onthe
otherhand,86% of the antisensd&RAR- homozygousnice areexpectedo developa
lung cancerby 78 weeks. In this experimentaldesign,85% competingrisks survival
rateis consideredThelung adenomasndadenocarcinomageassumedo be highly
lethal. Five thousandsimulationtrials arerun.

The statisticalpower (in %) underthe one-sidedb% nominalsigni cancelevel is
listedin Table6. A hazardratio betweerthe treatmengroupandthe controlgroupin
eachtypeof miceis choseras2:0, 2:5 and3:0. Threedifferentdesignsareconsidered.
Oneis to estimatepower with 6 mice at eachserialsacri ce (39,52 and65 weeks)in
atotal of 50 mice pergroup. Anothersettingis to calculatepower with 6 sacri cesat
52 weeksout of atotal of 55in the controlgroupandwith 3 sacri cesat52 weeksout
of atotal of 45in the dosegroup. The othercon guration is to estimatepower with
a total of 30 mice per groupand3 mice per serialsacri ce at 39, 52 and 65 weeks.

The samecompetingrisks survival rate (85% for the control and a dosegroup) and
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differentcompetingrisks survival rates(85% for the control, 50% for a dosegroup)
areconsideredn this example.Underthenull hypothesiof notreatmeneffectonthe
tumor of interest,it may still be reasonableéo assumelifferentcompetingrisk rates
amongdifferentdosegroups. For example,eventhoughthe carcinogermay have no
effecton the developmentof lung cancerit mayincreasecompetingrisks, suchasthe
developmenbf alivertumoror bladdertumor, etc,and,consequentlyresultsin lower
competingiskssurvival ratesin thedosegroups.A lung canceiis typically considered
ashighly lethalin humans.The mediansurvival time is lessthana yearfor stagelll
andlessthan6 monthsfor stagelV non-smalicell lung cance(Ginsbeg etal., 1993).
Lethality parameter®f 1500 and 800 are selectedin hemizygousand homozygous
mice,respectiely, to re ect highly lethaltumors. Expectedethality correspondingo
theseparameterss about80%in this example.

With 50 hemizygousnicein eachgroupandthesamecompetingiskssurvival rate
betweergroups,79:9% powerwasachievedto detecta hazardratio of 2. However, the
power decreasedlightly to 75:8% with differentcompetingrisks survival rates. On
the otherhand,at least80% power was achiezed with 50 homozygousgnice in each
group. With 30 mice in eachgroup of hemizygousand homozygousmice, we had
lessthan80% power to detecta hazardratio of 2 in the presencef boththe sameand
differentintercurrentmortalities. A betterdesign,in this example,wasachievedwith
thecontrolgroupof 6 micefor aninterim sacri ce at 52 weeksout of 55 micein total,
andwith a treatmentgroup of 3 mice for an interim sacri ce at 52 weeksout of 45
micein total. In this design,80% power wasachievedto detecta hazardratio of 2 or
higheramongantisens&kAR- hemizygousandhomozygousnicewith the sameand

differentcompetingriskssurvival rates.

5 Discussion

Wehavedevelopedbasednourknowledgethe rst Web-basedamplesizeandpower

simulatorfor animal carcinogenicitystudiesto detecta dose-relatedrendin tumor
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incidencefollowing exposureto a putative carcinogen.lt is applicablefor studieson
occult tumorsfor which the time to tumor onsetis not directly obsenable. It was
designedor rodentbioassayshat have eithermultiple sacri cesor a singleterminal
sacri ce.

ThePetatest(Petoetal:, 1980)is usedo compardaheincidencerateof occut tumars
amonggroupsin the presencef potentialconfounderslt requiresdatawith cause-of-
deathinformationdeterminedy pathologists Monte Carlosimulationis introducedn
this tool to simulateexperimentsof rodentbioassay$decauseano closed-formsolution
is available.

This packagecould be usedto constructa designwith a sufcient powerto detect
speci ed hazardratios by varying the samplesize, numberof sacri ces, time points
for sacri ce,andnumberof sacri cedanimalsateachsacri ce, if any, underthegiven
designconsiderationsAs anexample theapplicationof thistool wasillustratedby an
animalexperimentfor lung cancempreventionresearchAn advantageof the proposed
Web-basedamplesizeandpower estimatoris wider accessibilityto theuser provided
thataninternetconnectiorandaWebbrowserare available(MicrosoftIntemetExplorer
5:5andabove, or Netscapet:76 andabove). In addition,this statisticaltool providesa
userfriendly ervironmentsothatthe usercansearchfor anoptimaldesign.

Figure9 shavsa o wchartfor thecommunicatiorbetweerthe Webfront endand
the core program. Input dataare suppliedto the proposedool via a userinterface
implementedvith Webpages Whentheuserpresseshe SubmitbuttononthelastWeb
page theuserinputis capturedby the Web applicationandpackagednto XML string
format (seepackSimDatalntoXML.inc JavaScript le in AppendixA.1). Then,
it is sentto a queueimplementeddy a Perl module(seexprocessOutputR.asp
in AppendixA.2) for temporarystorageuntil the time at which it canbe scheduled
for processindy the calculationkernelprogram.Every few minutesa QueueReader
processunningonaseparateompute-sergrmachinescanghequeudor waitinginput
data.Whennew datais found, it is sent(still in XML format)to thecalculationkernel

program.This returnstheresultsto the QueueReader The QueueReaderthensends
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theresultsto the uservia e-mail. This asynchronousqueued”architecturds chosen
sothatmultiple jobsrequiringcalculationtimesrangingfrom afew seconddo several
hourscould be accommodatedThe communicatiorwith the queueis donethrougha
customsoftwarecomponentmplementedvith Microsoft's ComponentDbjectModel
(COM) technology Thisallowstheactualqueugarelationaldatabasefp beabstracted
from the remainderof the system sothatthe queuecanbe changed/upgradedithout
requiringadditionalmaintenancen therestof the system.

Figure 10 shovs a communicatiordata- ow diagraminsidethe ACSScalculation
programin Figure9. InsidetheexecutabléheXML stringis processedn Proces sIOFu nc
and ComposeStruct  functions. The latter callsthe XML parserfrom an external
XML ParsingLibrary andinitializesthe XMLInputStruct  , which is passedasan
input parameteto the ACSSFuncfunction.

Througha Monte Carlo simulationstudy the proposedool canseekan ef cient
design.For agivensamplesizeandstudyduration,anoptimaldesigncanbe obtained
usingourtool by choosingthe designwith the maximumpower of thetrendtest. This

tool canhelpinvestigatorsonductmoreef cient andcosteffective experiments.
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A Appendix

A.1 packSimDatalntoXML.inc JavaScript le

<%

I

Pack

function

{

var

xml
xml
xml
xml
xml
xml
xml
xml
xml
xml
xml
xml

xml

xml
xml
xml
xml
xml
xml
xml
xml

xml

the data for the current simulation into an XML string
packSimDatalntoXML()

xml = "<acss

+= "numgroups = “x1'

+= "numsacrifices = 'x2'

+= "studyduration = x3 "

+= "tumoronsetprob = x4 "

+= "shapeparameter = x5 "

+= "lethalityrate = x6'

+= "tumorlethalityparameter = X7 "

+= "numdatasets = 'x8' ";

+= "testlevel = 'x9'

+= "testsides = k1’

+= "seed = 'k2'

+= "multiplicity = k3

+= "sessionName = "k4>"

= xml.replace(/x1/, Session("NumDoseGroups"));
= xml.replace(/x2/, Session("NumSacrifices"));

= xml.replace(/x3/, Session("StudyDuration"));

= xml.replace(/x4/, Session("TumorOnsetProb"));
= xml.replace(/x5/, Session("ShapeParameter"));
= xml.replace(/x6/, Session("LethalityRate"));

= xml.replace(/x7/, Session("TumorLethalityParameter"));
= xml.replace(/x8/, Session("NumbDataSets"));

= xml.replace(/x9/, Session("TestLevel"));
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xml = xml.replace(/k1/, Session("TestSides"));

xml = xml.replace(/k2/, Session("FixedSeed"));

xml = xml.replace(/k3/, Session("Experiments"));

xml = xml.replace(/k4/, Session("sessionName"));

var i, temp, length;

var groupTemplate = "<group crsr="xx' DoseMetric  ='zz' num=yy'

NumPerGroup="ff' >
for (i = 0; i < Session("NumDoseGroups"); i++)
{

temp = groupTemplate.replace(/xx/, Session(“crsr" + i));

temp = temp.replace(/zz/,Session("DoseMetric"+i));

temp = temp.replace(/ff/, Session("NumPerGroup"+i));
xml += temp.replace(lyy/, i);
}
var groupHazardTemplate = "<hazardgroup HazardRate ="xx' />
for (i = 1; i < Session("NumDoseGroups"); i++)
{
temp = groupHazardTemplate.replace(/xx/, Session("HazardRate"
+ D)
xml += temp;
}
var sacrificeTemplate = "<sacrifice SacrificeTimes="yy"' num="zz'/>";
for (i = 1; i <= Session("NumSacrifices")-1; i++)
{
temp = sacrificeTemplate.replace(/yy/, Session("SacrificeTimes"+i));
xml += temp.replace(/zz/, i);
}
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var interimSacrificesTemplate = "<interimsacrifices numlinterimSacrifices

=xx B
length = Session("NumDoseGroups")*(Session("NumSacrif ices")- 1),
for (i =0; i < length ; i++)
{
temp = interimSacrificesTemplate.replace(/xx/, Session("InterimSacrificeTimes"
+ D)
xml += temp;
}
var emailTemplate = "<guestemalil email="xx' />,

xml += emailTemplate.replace(/xx/,Session("Email"));

xml += "</acss>";

return ~ xml;

%>

A.2 XxprocessOutputR.asp

<%@Language=JScript %>
<%

var xmllnput,UserEmail,iHandlerID;

if ("™ + Request.Form("Submit") 1= "undefined")
{
UserEmail = Session("Email");
xmllnput = Session("xml");
iHandlerID = myQ.Constants("eACSS");
iMsgID = myQ.postMsg(iHandlerID, UserEmail,  xmlinput);
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if ( iMsgID == myQ.Constants("eINVALID_ID"))

Response.Redirect ("simStartError.asp");
}
else
{
Response.Redirect ("ACSS_Acknowledge.asp");
}
myQ= "
}
%>
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Table 3: Referencedable for the parametewaluesfor selectinglow tumor lethality

(< 10%)

Weibull-1.02  Weibull-3.0  Weihull-6.0

TumorRate 78° 104 78 104 78 104
.05 250 200 25.0 20.0 50.0 40.0

.10 240 190 240 19.0 450 39.0

15 230 180 23.0 18.0 43.0 38.0

.20 220 170 220 17.0 420 37.0

.25 210 160 21.0 16.0 410 365

.30 200 150 20.0 15.0 40.0 36.0
.35 190 140 19.0 140 395 355
40 180 130 180 13.0 39.0 350
45 170 120 17.0 120 385 345
.50 1.60 110 16.0 11.0 38.0 34.0
.55 150 105 150 105 375 334
.60 145 100 140 100 37.0 328
.65 140 095 13.0 95 36.0 32.2
.70 135 093 120 9.0 350 315
75 130 090 11.0 8.7 34.0 305
.80 125 0.87 100 85 33.0 29.0
.85 120 084 90 83 320 270
.90 115 080 85 80 310 250
.95 110 070 80 75 30.0 230

aTumoronsetdistributions; bStudydurationin weeks
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Table 4: Referenceable for the parametewvaluesfor selectingintermediatetumor

lethality (  40%)

Weibull-1.02  Weibull-3.0 Weibull-6.0

TumorRate 78° 104 78 104 78 104

.05 40.0 25.0 250.0 200.0 500.0 400.0
.10 39.0 24.0 240.0 190.0 450.0 390.0
15 38.0 23.0 230.0 180.0 440.0 380.0
.20 37.0 22.0 220.0 170.0 435.0 370.0
.25 36.0 215 210.0 160.0 430.0 360.0
.30 350 21.0 200.0 150.0 425.0 350.0
.35 34.0 205 195.0 1450 420.0 340.0
40 31.0 20.0 192.0 143.0 415.0 330.0
45 28.0 19.0 190.0 140.0 410.0 320.0
.50 26.0 18.0 186.0 137.0 405.0 310.0
.55 240 17.0 182.0 135.0 400.0 300.0
.60 220 16.0 178.0 132.0 390.0 285.0
.65 21.0 15.0 1740 130.0 380.0 270.0
.70 20.0 14.0 170.0 127.0 370.0 260.0

75 19.0 13.0 165.0 124.0 360.0 250.0
.80 18.0 11.0 160.0 120.0 340.0 240.0
.85 170 100 150.0 110.0 320.0 230.0
.90 13.0 8.0 130.0 100.0 300.0 220.0
.95 10.0 6.0 100.0 80.0 250.0 210.0

aTumoronsetdistributions; bStudydurationin weeks
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Table5: Referencdablefor the parametewvaluesfor selectinghigh tumor lethality

(> 60%)

Weihull-1.02 Weibull-3.0 Weibull-6.0
TumorRate 78 104 78 104 78 104

.05 300.0 250.0 2500.0 2000.0 4000.0 2800.0
.10 295.0 245.0 2400.0 1900.0 3500.0 2600.0
A5 290.0 240.0 2300.0 1800.0 3000.0 2400.0
.20 288.0 230.0 2200.0 1700.0 2800.0 2200.0
.25 285.0 220.0 2100.0 1600.0 2750.0 2100.0

.30 283.0 210.0 2000.0 1500.0 2700.0 2000.0

.35 280.0 200.0 1900.0 1400.0 2650.0 1900.0
.40 278.0 190.0 1800.0 1300.0 2600.0 1850.0
.45 275.0 180.0 1700.0 1200.0 2550.0 1800.0

.50 270.0 170.0 1600.0 1100.0 2500.0 1750.0

.55 265.0 160.0 1500.0 1000.0 2450.0 1700.0
.60 260.0 150.0 1400.0 900.0 2400.0 1650.0
.65 250.0 140.0 1300.0 800.0 2300.0 1600.0
.70 240.0 130.0 1200.0 700.0 2200.0 1550.0
75 210.0 120.0 1100.0 650.0 2100.0 1500.0
.80 180.0 110.0 900.0 600.0 2000.0 1400.0
.85 150.0 100.0 800.0 550.0 1800.0 1200.0
.90 110.0 80.0 700.0 500.0 1600.0 1050.0
.95 70.0 60.0 600.0 400.0 1400.0 900.0

aTumoronsetdistributions; bStudydurationin weeks
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Table 6: Pawer calculationfor animal carcinogenicitystudiesof NNK in Antisense

RAR- mice

Typeof mice CRSR  Hazardratio (6,50 (6,55,3,455 (3,30

AntisenseRAR- 2.0 79.9 84.6 61.2
hemizygoug+/0) samé 2.5 95.4 97.4 84.4
mice 3.0 99.2 99.7 94.2

2.0 75.8 80.4 57.9

different’ 2.5 94.0 96.0 81.8

3.0 98.9 99.5 92.8

AntisenseRAR- 2.0 84.8 87.8 66.1
homozygoug+/+) same 25 97.2 97.7 85.2
mice 3.0 99.3 99.7 93.6

2.0 82.8 84.7 63.5

different 25 96.4 96.8 83.6

3.0 99.2 99.4 93.0

a8CompetingRisksSurvival Rate

b6 miceat eachserialsacri ce (39,52, 65 weeks)andatotal of 50 mice pergroup
€6 miceataninterimsacri ce (52 weeks)andatotal of 55 mice (controlgroup);

3 miceataninterim sacri ce (52 weeks)andatotal of 45 mice (dosegroup)

d3 miceateachserialsacri ce (39,52, 65 weeks)andatotal of 30 mice pergroup
€85% CRSRfor the controlanda dosegroup

f 8506 CRSRfor the controland50% CRSRfor adosegroup
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Figure9: A o wchartfor thecommuricationbetweerthefrontendandthecoreprogram



Figure10: A data- ow diagraminsideACSScalculationprogramin Figure9.
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