
A Web-basedSimulatorfor SampleSizeand

PowerEstimationin Animal Carcinogenicity

Studies

Hojin Moon1, J. Jack Lee1, Hongshik Ahn2 and Rumiana G. Nikolova1

1Departmentof Biostatistics
TheUniversityof TexasM:D: AndersonCancerCenter

1515HolcombeBoulevard- 447,Houston,TX 77030-4009
e-mail: hojin@mdanderson.org

2Departmentof AppliedMathematicsandStatistics
StateUniversityof New York, Stony Brook,NY 11794-3600

Abstract

A Web-basedstatisticaltool for samplesizeandpower estimationin animal

carcinogenicitystudiesis presentedin thispaper. It canbeusedto provideadesign

with suf�cient powerfor detectingadose-relatedtrendin theoccurrenceof atumor

of interestwhencompetingrisksarepresent.Thetumorsof interesttypically are

occulttumorsfor which thetimeto tumoronsetis notdirectlyobservable. It is ap-

plicableto rodenttumorigenicityassaysthathave eitherasingleterminalsacri�ce

or multiple(interval) sacri�ces.Thedesignis achievedby varyingsamplesizeper

group,numberof sacri�ces,numberof sacri�ced animalsat eachinterval, if any,

andscheduledtimepointsfor sacri�ce. MonteCarlosimulationiscarriedoutin this

tool tosimulateexperimentsof rodentbioassaysbecausenoclosed-formsolutionis

available.It takesdesignparametersfor samplesizeandpowerestimationasinputs

throughtheWorld Wide Web. Thecoreprogramis written in C andexecutedin

thebackground.It communicateswith theWebfront endvia a ComponentObject

Model interfacepassinganExtensibleMarkupLanguagestring. Theproposedsta-
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tistical tool is illustratedwith ananimalstudyin lung cancerpreventionresearch.

Key Words:Competingrisks;Experimentaldesign;MonteCarlosimulation;Mul-

tiple/SingleSacri�ce.

1 Intr oduction

Dueto easyaccessibility, theWorld WideWeb(WWW) providesanexcellentenviron-

mentfor deploying statisticaltools. Onemajoradvantageto theusersis thatstatistical

designandanalysiscanbeperformedatany placewhereanInternetconnectionis avail-

able.It doesnotrequirethatauseracquire,download,or purchaseastatisticalsoftware

to run a program. The technologyfor the WWW interfacehasbeendevelopedand

appliedto variousstatisticalapplications(to namea few: Ban�eld, 1999;Firth, 2000;

WestandOgden,1997).

A Web-basedsamplesizeandpowerestimatorusingMonteCarlosimulationispro-

posedin thispaper. Thisstatisticaltool isdesignedfor animalcarcinogenicity/tumorigenicity

studieson occult tumors,andfor rodentbioassayswith a singleterminalsacri�ce or

multiple (interval) sacri�ces. The estimatortakesinputsfrom theWWW throughan

ExtensibleMarkupLanguage(XML) interfaceandsimulatesthespeci�eddesignin the

background.Thedesigninput parametersinclude(a) numberof dosegroups,(b) type

of experimentswith the numberof interval sacri�ces, (c) dosemetric in eachgroup,

(d) samplesizepergroup,(e) timepointsfor sacri�ce, (f) numberof sacri�cedanimals

at eachinterval, (g) tumor onsetprobability in the control group,(h) shapeof tumor

onsetdistribution, (i) hazardratio betweeneachdosegroupandthecontrolgroup,(j)

competingrisks survival ratein eachgroup,(k) parameterto determinelethality rate

in thecontrolgroup,(l) signi�cancelevel of a one-or two-sidedtest,and(m) number

of simulationruns. This tool sendsresultsback to the uservia e-mail. The results

includesummarystatistics,suchasthe simulatedaveragetumor onsetprobability in

eachgroup,thesimulatedaveragecompetingriskssurvivalratepergroup,thesimulated

averagetumor lethality ratein eachgroup,alongwith thedesignconsiderations,and

2



theestimatedpower. In this study, thecoresimulationprogramis written in C.

Animal carcinogenicitybioassaysareroutinely usedto evaluatethe carcinogenic

potentialof chemicalsubstancesto which humansareexposed. In a typical animal

carcinogenicitystudyon occult tumors,eachanimalis assumedto begin with a tumor

free state. Mice or rats are commonlyusedspecies. They are randomizedinto a

controlgroup(typically, animalsthatareexposedto acontrolagentorobservedwithout

any exposure)or into 2 to 3 testgroupsthat receive speci�ed levels of exposureand

are observed until they eitherdie or are sacri�ced. In an experimentwith multiple

sacri�ces,sacri�cedanimalsarepre-assignedto aspeci�c doselevel andsacri�ce time

at thebeginningof theexperiment.In a singleterminalsacri�ce,all surviving animals

aresacri�cedandsubjectedto necropsyat theendof theexperiment,whichis typically

a periodof 104 weeks(2 years). During the study, ageat deathandthe information

on thepresenceor absenceof thetumorof interestarecollectedfor eachanimal. The

primarygoalof theexperimentis toassessadose-relatedtrendof testagentexposuresin

theincidenceof thetumorof interest.Thetumorof interestcanbeany occulttumorfor

which thetime to tumoronsetis notdirectly observable.Our softwarecanalsoseeka

reduceddesign(78- 104weeks)with anacceptablepower. Theproposedstatisticaltool

canalsobeusedto seekanoptimaldesignby choosingthedesignwith themaximum

power of the trendtestfor a given total samplesize. This tool will help researchers

conductmoreef�cient andcosteffectiveexperiments.

Thelogranktestof MantelandHaenszel(1959)maybeusedfor comparinghazards

of deathfrom rapidly lethal tumors. To comparetheprevalenceof nonlethaltumors,

theprevalencetestproposedby Hoel andWalburg (1972)maybeusedfor incidental

tumors.However, thedataobtainedfromacarcinogenicity experimentgenerally contain

a combinationof fatalandincidentaltumors. Petoet al. (1980)suggestedcombining

the fatalandincidentaltestsfor comparingtumor onsetdistributions. The procedure

proposedby Petoet al., hasbeencalledthecause-of-deathtestor thePetotest.

Thedevelopmentof thepresentedstatisticaltool is motivatedby aseriesof animal

studiesatM: D: AndersonCancerCenterthatexploresthemechanismsunderlyingthe
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chemopreventive effectsof testagents.The �rst stepis to establishthe carcinogenic

potentialof thetobaccocarcinogenNNK, abyproductof tobaccosmoke,in retinoicacid

receptor-� (RAR-� ) transgenicmice. ThePetotest,recommendedby theInternational

Agency for Researchon Cancer(IARC), is usedto comparethe tumor incidencerate

amonggroupsin thepresenceof potentialconfounders.It is a widely usedstatistical

testto determineadose-relatedtrendfor atestagentin theoccurrenceof occulttumors.

Thepurposeof this paperis to presenta statisticaltool for Web-basedsamplesize

andpowerestimationusingthePetoteststatistictoprovidesuf�cien t powerfor detecting

a dose-relatedtrendin theoccurrenceof a tumorof interest. This packagesimulates

rodentbioassayexperimentswith either a single sacri�ce or multiple sacri�ces. A

comprehensivelist of designparameterscanbespeci�edbytheusersthroughtheWWW.

The underlyingmodelsaredescribedin Section2. A detaileddescriptionof the use

of theproposedestimatoris demonstratedin Section3. A designof a carcinogenesis

experimentfor lungcancerpreventionresearchis illustratedin Section4 asanexample.

Concludingremarksand suggestedfuture study directionsare describedin the last

section.

2 Model and Testfor a SampleSizeand Power Estima-

tor

Consideracarcinogenicity/tumorigenicityexperimentwith thecontrolgroupandG� 1

dosegroupsof animals. Supposethat Ni animalsarerandomlyassignedto the i -th

group,andthey arefollowedover time for thedevelopmentof irreversibleandoccult

tumors. The animalsin the i -th groupreceive a doselevel of ` i of a testagent. We

assumethatall animalscomefrom thesamepopulationandhavenotumorondayzero

of theexperiment.Thetimescaleis dividedinto J intervalssuchthatthe j -th interval

is givenby I j D .t j � 1; t j U; j D 1; : : : ; J. Note that t0 D 0 andt j denotessacri�ce

timepointfor j D 1; : : : ; J. Foranexperimentwith eitherasinglesacri�ceormultiple
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sacri�ces,tJ denotestheterminalsacri�ce timepoint.

It is assumedthat threeindependentrandomvariablescompletelydeterminethe

observed outcomefor eachanimal. The randomvariablesare the time to onsetof

tumor, T1; the time after onsetuntil deathfrom the tumor, T2; andthe time to death

from competingrisks, TC. Also let T1 C T2 D TD, whereTD representsthe overall

time to deathfrom the tumor of interest. Thusthe tumor of interestis presentin an

animalat the time of deathif T1 � minfTC; TSg, whereTS denotesa scheduledtime

to sacri�ce of ananimal. WhenTD � minfTC; TSg, ananimaldiesfrom thetumorof

interest.Otherwise,it diesfrom competingrisksor sacri�ce.

2.1 Distrib ution of the RandomVariables

• Time to tumor onset(T1)

Let Si . t/ bea survival functionof thei -th groupwith respectto a randomvariable

T1 representingtime to onsetof thetumorof interest.AssumeSi . t/ followsa Weibull

distribution: Si . t/ D exp
�
� � i � 1. t=tmax/ � 2

�
; (1)

where� 1 � 0, � 2 � 0, andtmax representsthedurationof thestudyor the time for a

terminalsacri�ce. Thehazardratio� i betweenthei -thdosegroupandthecontrolgroup

(i D 1) is typically greaterthanor equalto 1 (� i D 1 for i D 1 and� i > 1 for i > 1) for

i D 1; : : : ; G. Thescaleparameter� 1 canbecalculatedby specifyingthetumoronset

probability1 � S1. tmax/ at theendof thestudyin thecontrolgroup.With � 1 D 1 anda

givenshapeparameter� 2; � 1 D � log S1. tmax/ . In thisestimator, weallow thevalueof

theparameter� 2 of theWeibull distributionfor rangingbetween1:0 and6:0 in orderto

re�ect awidevarietyof tumoronsetdistributions.Whentherearenocompetingrisks,

thetumoronsetprobabilityat theendof thestudyin eachdosegroupis determinedby

thehazardratioandthebaselinetumoronsetprobabilityin thecontrolgroupby theend

of thestudy.

• Time to death fr om competingrisks (TC)
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Thesurvival functionfor time to deathfrom competingrisks,TC, is takento be
Qi . t/ D exp

�
� � i .
 1t C 
 2t 
 3/

�
; (2)

where� i � 1; 
 1 � 0; 
 2 � 0 and
 3 � 0 (Portieret al., 1986). With � 1 D 1 in the

controlgroup(i D 1), 
 3 canbecalculatedas

log
�
�f log Q1. tmax/ C 
 1tmaxg=
 2

�
=logtmax

undertheconstraintthat Q1. tmax/ < exp.� 
 1tmax/ , whereQ1. tmax/ is theprobability

of survival with respectto competingrisksin thecontrolgroupat theendof thestudy.

Thevaluesof 
 1 and
 2 arechosenas10� 4 and10� 16, respectively. Thesevaluesare

closeto theones�tted to thehistoricalcontroldatasuchasFisher344ratsandB6C3F1

micein Portieret al. (1986). Theseparametervaluescanbealsofoundin many other

settings(Kodell andAhn, 1996,1997;Kodell et al., 1997;Ahn, Zhu andYang,1998;

Ahn et al., 2002). The competingrisks survival ratecanbe determinedaccordingto

tumortypesandhistoricaldatashowing thesurvival ratesof miceandrats. Thevalue

of � i canbecalculatedafterspecifyingthecompetingriskssurvival rateQi . tmax/ in (2)

suchthat� i D log[Qi . tmax/ ] =logTQ1. tmax/U.

• Time to tumor death (T2)

For simplicity, thesurvival distribution for tumor-inducedmortality, T2, is takento

havethesameform asthatfor deathfrom competingrisks

Fi . t/ D exp
�
�  i .
 1t C 
 2t 
 3/

�
; (3)

and the valuesof 
 1; 
 2 and 
 3 remainthe sameas in (2). Thesetypesof models

usinga modi�ed Weibull distribution canbe found in other literature(Kodell, Chen

andMoore,1994;Ahn andKodell,1995;KodellandAhn, 1997).Theparameter 1 is

selectedby theuserto re�ect varioustumorlethalitiesfrom low tumorlethality (where

approximately5% of observedtumorsarethecauseof death)to high tumor lethality

(whereapproximately60%or higherof observedtumorsarethecauseof death)in the

control group. We alsoassumethat oncethe tumor is developed,the distribution of

time to death(T2) is thesamein all dosegroups. Therefore, i D � 1 for all i . The

lethalityparameterindicateshow thepresenceof a tumorof interestaffectssurvival. A

highly lethal tumorcould leadto deathshortlyafter its onset.Lessrestrictive choices

for thedistributionof T2 canalsobeconsidered.

6



2.2 Construction of the PetoTest

Thedataaregeneratedaccordingto thedistributionsof T1, T2 andTC for eachanimal.

They arecollectedat the j -th interval accordingto thefollowing �v e events:animals

died from thetumorof interest(d j ), animalsdied from competingriskswhile having

the tumorof interest(a1j ), animalsdiedwithout tumor (b1j ), animalssacri�ced with

tumor(a2j ), andanimalssacri�cedwithouttumor(b2j ). An animaldiesfromthetumor

of interestin the j -th interval if TD 2 I j andTC > TD. An animaldiesfrom other

causeswith thetumorof interestin the j -th interval if TD > TC; T1 � TC; andTC 2 I j .

On theotherhand,ananimaldieswithout the tumorof interestin the j -th interval if

TC 2 I j andT1 > TC. A sacri�ced animalhasthe tumor of interestat the time of

sacri�ce(t j ) if T1 � t j ; TD > t j ; andTC > t j . It doesnothavethetumorat thetimeof

sacri�ce whenT1 > t j andTC > t j . Thesedataareappliedto thePetotestto estimate

samplesizeandpower.

First, considerthe animalsthat did not have the speci�c tumor beforedeathor

tumor-bearinganimalsfor which that tumor wasnot the causeof death. Let ni j D

a1i j C a2i j C b1i j C b2i j bethenumberof animalsin groupi dying duringinterval I j

fromcausesunrelatedtothepresenceof thetumorof interest,andlet yi j D a1i j Ca2i j be

thenumberof theseanimalsin whichthetumorwasobservedin theincidentalcontext,

for i D 1; : : : ; G andj D 1; : : : ; J. Foreachinterval I j , thetumorprevalencedatamay

besummarizedin a2� G table,asin Table1. All tumorsfoundin sacri�cedanimalsare

classi�edasincidental.Theintervalsde�nedby thepre-assignedNTPintervals(Bailer

andPortier, 1988)arerecommendedto implementtheincidentalpartof thePetotest.

Theexpectednumberof tumorsin thei -thgroupfor the j -thinterval is Ei j D y: j K i j ,

whereK i j D ni j =n: j . Thus,theobservedandexpectednumbersof tumorsin thei -th

groupovertheentireexperimentareOi D
P J

j D1 yi j andEi D
P J

j D1 Ei j , respectively,

for i D 1; : : : ; G. De�ne

Di D Oi � Ei D
JX

j D1

. yi j � Ei j /

and
Vr i D

JX

j D1

� j Kr j .� r i � K i j /;
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Table1: Tumorprevalencedatafor incidentaltumorsin interval I j

Dosegroup

1 2 � � � G Total

# with tumors y1j y2j � � � yGj y: j

# without tumors n1j � y1j n2j � y2j � � � nGj � yGj n: j � y: j

# deaths n1j n2j � � � nGj n: j

Table2: Tumormortality datafor interval I j

Dosegroup

1 2 � � � G Total

# fataltumordeathsin I j x1j x2j � � � xGj x: j

m1j � x1j m2j � x2j � � � mGj � xGj m: j � x: j

# surviving in I j m1j m2j � � � mGj m: j

where� j D y: j .n: j � y: j /=.n: j � 1/; and� r i is de�ned as1 if r D i and0 otherwise.

Let Da = . D1; : : : ; DG/T ; andVa betheG � G matrixwith (r; i ) entryVr i .

Second,considertheanimalsthatdiedwith atumorof interest.Themethodusedfor

thefataltumorsissimilarto thatusedfor theincidentaltumors.Table2 isacontingency

tablefor tumormortalitydatain the j -th interval. Data-determinedintervalsde�nedby

theactualdeathtimeof ananimalwereusedfor thefataltumoranalysis.Let mi j bethe

numberof animalsin groupi surviving at thebeginningof theinterval, andxi j D di j

be the numberof theseanimalsdying from the tumor of interestin that interval. A

vector Db that hasthe differencesof observedandexpectedvaluesusingthe datain

Table2 iscalculatedin thesamewayasfor theincidentaltumors,andthecorresponding

covariancematrix Vb is computed.

Theanalysisof dataonocculttumorsusingcontextsof observationis basedon the

vectorD = Da + Db, with covariancematrix V D Va C Vb. Thenadose-relatedtrend

testcanbeconsideredby using
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ZR D l T D=
p

l T V l ;

wherel D .` 1; : : : ; ` G/T , and` i standsfor the dosemetric for the i -th groupwith

0 D ` 1 < ` 2 < : : : < ` G. Underthenull hypothesis,ZR is asymptoticallydistributed

asastandardnormal.

3 Usageof SampleSizeand Power Estimator

Theproposedestimatorfor samplesizeandpowertakesinputparametersfrom aseries

of pagesin theWebsite (http://biostatistics.mdanderson.org/ACSS).The title pagein

Figure 1 providesa generaldescriptionof the proposedestimator. By clicking the

Continuebutton,it movesto a userlog-in andregistrationpage,asshown in Figure2.

A new useris requiredto registerto obtainausernameanda password.

Usersmaysaveor retrievetheirwork by enteringor selectinga�le name.For atest

run,thesessionmayremainas“default”, asshown in Figure3. A defaultsessionname

automaticallygeneratedby concatenatingtheusername,dateandtimeis provided,and

it shall be usedas the “subject” of an e-mail for delivering the output. The session

namemaybechangedastheuserwishes.Figure4 shows a pageof thedetailedinput

parametersin anexperimentaldesign.It startswith requestingthreeinput parameters

(a) thenumberof dosegroups,(b) whethertheexperimentusesmultiple sacri�cesor

a singleterminalsacri�ce, and(c) an integer seedfor the randomnumbergenerator.

The numberof dose(or treatment)groupscommonlyconsideredare2 to 4 groups,

including the control group. An experimentwith multiple sacri�ces is simulatedto

performsacri�ces at speci�ed interim time points,aswell asa terminal sacri�ce at

the endof the study. All the remaininglive animalsareassumedto be sacri�ced at

theendof theexperiment.Thenumberof scheduledsacri�ces,includingtheterminal

sacri�ce,is typicallyeither3 or4 in atwo-yearstudy. In addition,aseedfor therandom

numbergeneratorcanbechosenby theuserasany positiveintegerfor theMonteCarlo

simulation.

Figure5 shows otherdetailedinput parameters,which are(a) dosemetric in each

9



Figure1: A generaldescriptionof theproposedestimator
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Figure2: A userlog-in page

Figure3: The�rst input page
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Figure4: Inputparameterson thesamplesizeandpowerestimation
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group, (b) samplesizeper group, (c) sacri�ce time points, (d) numberof sacri�ced

animalsattheendof eachtimeinterval, (e)tumoronsetprobabilityin thecontrolgroup,

(f) shapeparameterof theWeibull distributionfor timeto tumoronset,(g) hazardratio

betweeneachdosegroupandthecontrolgroup,(h) competingriskssurvival rateper

group,(i) tumor lethality rate(low, intermediate,andhigh), (j) valueof the lethality

parametertodeterminealethalityratein thecontrolgroup,(k) signi�cancelevelof one-

or two-sidedtest,and(l) numberof simulationruns.Typically, animalcarcinogenicity

studiesonocculttumorsareconductedin adurationof 104weeks.Thisstatisticaltool

canalsoseekanef�cient reduceddesign(78 - 104weeks)with anacceptablepower.

Thedefaultvaluesareshown in Figures3 - 5 for atypicaltwo-yearbioassayexperiment

that hasmultiple sacri�ces. For a designwith 4 groups,the doselevels may be set

asa relative dosemetric of 0, 1, 2 and3 or 0, 1, 2 and4 with respectto the control

and3 dosegroups.Alternatively, theactualdoselevelsmaybeusedin a design.In a

typicaltwo-yearanimalcarcinogenicitystudyonocculttumors,50or moreanimalsare

consideredin a group.However, adifferentnumberof animalspergroupmaybeused

in adesign.Oneneedsto specifythetimepointsof sacri�cesin weeks.For a two-year

study, NTP intervalsare,for example,0 - 52,53- 78,79- 92,and93- 104weeks.For

analyzingsingle-sacri�cedatawith thePetotest(describedin Section2), NTPintervals

wereusedfor theincidentaltumors.TheNTP intervalsfor a two-yearstudyaregiven

asa default. Thenumberof sacri�ced animalsis decidedat thebeginningof a study.

Either thesamenumberof sacri�cedanimalsor a differentnumberof animalscanbe

speci�edin eachgroupand/oreachinterval.

Theprobabilityof tumoronsetbytheendof thestudy in thecontrol groupneedstobe

speci�edin adesignto determinethetimeto tumoronset.A tumoronsetprobabilityof

eachdosegroup,therefore,isdeterminedbyahazardratioandatumoronsetprobability

in thecontrolgroup. An underlyingdistribution of time to tumoronsetis assumedto

bea Weibull distribution (Kodell andAhn, 1997).Theshapeparameterin theWeibull

tumoronsetdistribution rangesbetween1.0(exponentialdistribution)and6.0 in order

to re�ect a wide variety of tumor onsetdistributions. The hazardratio is a ratio of
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Figure5: More input parameterson thesamplesizeandpowerestimation
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hazardratesbetweenadosegroupandthecontrolgroup.A userneedsto specifyG � 1

hazardratios,whereG is thenumberof groups,in theestimationof samplesizetohavea

desirabledegreeof powertodetectaspeci�edhazardratio. Intercurrentmortalityrefers

to all deathsnot relatedto tumorsof interest.Thecausesof intercurrentmortality are

referredto ascompetingrisks. Sinceaspeci�c typeof tumormayoccurin thepresence

of competingrisks, intercurrentmortality rates(competingrisks survival/deathrates)

areconsideredin ourdesign.They maybethesameor differentacrossdosegroups.

Thelethalityparameterneedstobesettogovernthetumor lethality ratein thecontrol

group. Threetumor lethality rates(low, intermediateandhigh) areconsideredin this

paper. Tumorsof low lethalitygenerallyhaveratesbelow 10%. Tumorsof intermediate

lethalityaretypically thosewith ratesbetween35%and40%. Therates60%andabove

areconsideredashighly lethal. To facilitatethechoiceof a tumorlethality parameter,

referencetable(s),dependingon study duration, tumor onsetprobability and tumor

onsetdistribution, will beshown in a separatewindow by clicking theHelp button in

thesectiondescribingthe tumor lethality parameterillustratedin Figure5. The table

entriesare obtainedfrom a databasethat storesthe information of a wide rangeof

lethality ratesby the durationof the study, tumor rateand tumor onsetdistribution.

The valueof a lethality parameter, then,canbe chosenfrom the referencetables. A

referencetableisshownin Figure6asanexample.Tables3–5containparametervalues

to re�ect tumor lethality. Thesevaluesarepredeterminedby a numericalmethodfor

a simulationmodelsimilar to (1)–(3) in Section2.1becausethereis no a closed-form

solutionto obtainthelethalityparametervalues.

The signi�cancelevel of the testtypically canbe speci�ed 1%, 5% or 10%. The

choiceof aone-or two-sidedtestis alsoneededto estimatepower. Thenumberof data

sets(i.e., simulationruns)needsto bedecidedfor theMonteCarlosimulation.In this

example,5000simulationrunsaregivenasa default value. Thee-mailaddressof the

useris requiredto receivesimulatedresultsvia e-mail.

Beforesubmittinginputparameters,all designparametersaredisplayedonceagain

on theWebpagefor veri�cation (SeeFigure7). Onceall theinput parametersentered
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Figure5: More inputparameterson thesamplesizeandpowerestimation(continued)
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Figure6: Helpful guidelinesfor selectingthetumorlethalityparameter

Figure7: Inputparametersconsidered

17



Figure7: Inputparametersconsidered(continued)

arecon�rmed, they aresubmittedto thecompiledC programfor simulationruns.

Whenthesimulationrunsarecompleted,anoutput�le is sentto thee-mailaddress

speci�ed by the user. A simulationwith 5000runs typically takesabout5 minutes.

The output �le containsdesignparameters,averagetumor rate, averagecompeting

risks survival rate,averagelethality ratefor eachgroup,andaveragedeathratewith

informationon tumorsandsacri�cesperdosegroup.At theend,thepower to detecta

dose-relatedtrendis shown. Figure8 showsanimageof theoutput�le generatedfrom

theaboveexample.

4 Example: Testingthe CarcinogenicPotential of NNK

in a Prevention Study for Lung Cancer

Thedevelopmentof thisstatisticaltoolwasmotivatedbyarecentlungcancerprevention

studydevelopedat M: D: AndersonCancerCenter. Oneparticulargoalwasto evalu-
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Figure8: Contentsof anoutput�le
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Figure8: Contentsof anoutput�le (continued)
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atethecarcinogenicpotentialof thetobaccocarcinogenNNK, a byproductof tobacco

smoke,ontheincidenceof lungadenomasandadenocarcinomas(occurringeitherspon-

taneouslyor following exposureto the tobaccocarcinogenNNK) in transgenicmice

thatexpressantisenseretinoicacidreceptor-� (RAR-� ). A Web-basedsamplesizeand

power estimatorwasappliedto providesuf�cient power to detecta dose-relatedtrend

of theoccurrenceof lung adenomasandadenocarcinomas.Theestimationof sample

sizeandpowerwasconductedby thePetotest(seeSection2).

Thepowercomputationis basedon thefollowing assumptions.Onehundredanti-

senseRAR-� hemizygous(+/0) miceandonehundredantisenseRAR-� homozygous

(+/+) micewill beobtainedfor theexperiments.For eachtypeof mice,�fty micewill

berandomizedinto a groupthateitherreceivesor doesnot receive exposureto NNK.

To testthecarcinogenicpotentialof NNK, adosemetricof 0 or 1 is usedfor thecontrol

groupor exposedgroup,respectively. Serialsacri�cesarescheduledat weeks39,52,

65,and78 (at theendof thestudy). Thetime to lung cancerdevelopmentis assumed

to follow a Weibull distribution with theshapeparameter3. It is expectedthat55%of

theantisenseRAR-� hemizygousmicewill developalungcancerby 78weeks.Onthe

otherhand,86%of theantisenseRAR-� homozygousmiceareexpectedto developa

lung cancerby 78 weeks. In this experimentaldesign,85% competingrisks survival

rateis considered.Thelungadenomasandadenocarcinomasareassumedto behighly

lethal. Five thousandsimulationtrials arerun.

Thestatisticalpower (in %) undertheone-sided5% nominalsigni�cancelevel is

listedin Table6. A hazardratio betweenthetreatmentgroupandthecontrolgroupin

eachtypeof miceis chosenas2:0, 2:5 and3:0. Threedifferentdesignsareconsidered.

Oneis to estimatepower with 6 miceat eachserialsacri�ce (39,52 and65 weeks)in

a total of 50 micepergroup. Anothersettingis to calculatepower with 6 sacri�cesat

52weeksoutof a totalof 55 in thecontrolgroupandwith 3 sacri�cesat 52weeksout

of a total of 45 in the dosegroup. The othercon�guration is to estimatepower with

a total of 30 mice per groupand3 mice per serialsacri�ce at 39, 52 and65 weeks.

The samecompetingrisks survival rate (85% for the control anda dosegroup)and
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differentcompetingrisks survival rates(85% for the control, 50% for a dosegroup)

areconsideredin thisexample.Underthenull hypothesisof notreatmenteffecton the

tumor of interest,it may still be reasonableto assumedifferentcompetingrisk rates

amongdifferentdosegroups.For example,eventhoughthecarcinogenmayhave no

effecton thedevelopmentof lung cancer, it mayincreasecompetingrisks,suchasthe

developmentof a liver tumoror bladdertumor, etc,and,consequently, resultsin lower

competingriskssurvival ratesin thedosegroups.A lungcanceris typically considered

ashighly lethal in humans.Themediansurvival time is lessthana yearfor stageIII

andlessthan6 monthsfor stageIV non-smallcell lungcancer(Ginsberg et al., 1993).

Lethality parametersof 1500 and 800 are selectedin hemizygousand homozygous

mice,respectively, to re�ect highly lethaltumors.Expectedlethality correspondingto

theseparametersis about80%in thisexample.

With 50hemizygousmicein eachgroupandthesamecompetingriskssurvival rate

betweengroups,79:9%powerwasachievedto detectahazardratioof 2. However, the

power decreasedslightly to 75:8% with differentcompetingrisks survival rates. On

the otherhand,at least80% power wasachieved with 50 homozygousmice in each

group. With 30 mice in eachgroupof hemizygousandhomozygousmice, we had

lessthan80%power to detecta hazardratio of 2 in thepresenceof boththesameand

differentintercurrentmortalities. A betterdesign,in this example,wasachievedwith

thecontrolgroupof 6 micefor aninterim sacri�ce at52weeksoutof 55micein total,

andwith a treatmentgroupof 3 mice for an interim sacri�ce at 52 weeksout of 45

mice in total. In this design,80%power wasachievedto detecta hazardratio of 2 or

higheramongantisenseRAR-� hemizygousandhomozygousmicewith thesameand

differentcompetingriskssurvival rates.

5 Discussion

Wehavedeveloped,basedonourknowledge,the�rst Web-basedsamplesizeandpower

simulatorfor animal carcinogenicitystudiesto detecta dose-relatedtrend in tumor
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incidencefollowing exposureto a putative carcinogen.It is applicablefor studieson

occult tumorsfor which the time to tumor onsetis not directly observable. It was

designedfor rodentbioassaysthathave eithermultiple sacri�cesor a singleterminal

sacri�ce.

ThePetotest(Petoetal:, 1980)isusedtocomparetheincidencerateof occult tumors

amonggroupsin thepresenceof potentialconfounders.It requiresdatawith cause-of-

deathinformationdeterminedby pathologists.MonteCarlosimulationis introducedin

this tool to simulateexperimentsof rodentbioassaysbecauseno closed-formsolution

is available.

This packagecouldbeusedto constructa designwith a suf�cient power to detect

speci�ed hazardratiosby varying the samplesize,numberof sacri�ces, time points

for sacri�ce,andnumberof sacri�cedanimalsateachsacri�ce, if any, underthegiven

designconsiderations.As anexample,theapplicationof this tool wasillustratedby an

animalexperimentfor lung cancerpreventionresearch.An advantageof theproposed

Web-basedsamplesizeandpowerestimatoris wideraccessibilityto theuser, provided

thatanInternetconnectionandaWebbrowserareavailable(MicrosoftInternetExplorer

5:5 andabove,or Netscape4:76andabove). In addition,thisstatisticaltool providesa

user-friendly environmentsothattheusercansearchfor anoptimaldesign.

Figure9 showsa �o wchartfor thecommunicationbetweentheWebfront endand

the core program. Input dataare suppliedto the proposedtool via a user-interface

implementedwith Webpages.WhentheuserpressestheSubmitbuttononthelastWeb

page,theuserinput is capturedby theWebapplicationandpackagedinto XML string

format(seepackSimDataIntoXML.inc JavaScript�le in AppendixA.1). Then,

it is sentto a queueimplementedby a Perl module(seexprocessOutputR.asp

in AppendixA.2) for temporarystorageuntil the time at which it canbe scheduled

for processingby thecalculationkernelprogram.Every few minutesa QueueReader

processrunningonaseparatecompute-servermachinescansthequeuefor waitinginput

data.Whennew datais found,it is sent(still in XML format)to thecalculationkernel

program.This returnstheresultsto theQueueReader. TheQueueReaderthensends
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the resultsto theuservia e-mail. This asynchronous“queued”architectureis chosen

sothatmultiple jobsrequiringcalculationtimesrangingfrom afew secondsto several

hourscouldbeaccommodated.Thecommunicationwith thequeueis donethrougha

customsoftwarecomponentimplementedwith Microsoft'sComponentObjectModel

(COM) technology. Thisallowstheactualqueue(arelationaldatabase)to beabstracted

from theremainderof thesystem,sothatthequeuecanbechanged/upgradedwithout

requiringadditionalmaintenanceon therestof thesystem.

Figure10 shows a communicationdata-�ow diagraminsidetheACSScalculation

programin Figure9. InsidetheexecutabletheXML stringisprocessedin Proces sIOFu nc

andComposeStruct functions. The latter calls the XML parserfrom an external

XML ParsingLibrary andinitializes the XMLInputStruct , which is passedasan

inputparameterto theACSSFuncfunction.

Througha Monte Carlo simulationstudy, the proposedtool canseekan ef�cient

design.For a givensamplesizeandstudyduration,anoptimaldesigncanbeobtained

usingour tool by choosingthedesignwith themaximumpowerof thetrendtest.This

tool canhelpinvestigatorsconductmoreef�cient andcosteffectiveexperiments.
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A Appendix

A.1 packSimDataIntoXML.inc JavaScript �le

<%

// Pack the data for the current simulation into an XML string

function packSimDataIntoXML()

{

var xml = "<acss ";

xml += "numgroups = `x1' ";

xml += "numsacrifices = `x2' ";

xml += "studyduration = `x3' " ;

xml += "tumoronsetprob = `x4' ";

xml += "shapeparameter = `x5' ";

xml += "lethalityrate = `x6' ";

xml += "tumorlethalityparameter = `x7' ";

xml += "numdatasets = `x8' ";

xml += "testlevel = `x9' ";

xml += "testsides = `k1' ";

xml += "seed = `k2' ";

xml += "multiplicity = `k3' ";

xml += "sessionName = `k4'>";

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

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

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

xml = xml.replace(/x4/, Session("TumorOnsetProb"));

xml = xml.replace(/x5/, Session("ShapeParameter"));

xml = xml.replace(/x6/, Session("LethalityRate"));

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

xml = xml.replace(/x8/, Session("NumDataSets"));

xml = 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(/yy/, i);

}

var groupHazardTemplate = "<hazardgroup HazardRate =`xx' />";

for (i = 1; i < Session("NumDoseGroups"); i++)

{

temp = groupHazardTemplate.replace(/xx/, Session("HazardRate"

+ i));

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 numInterimSacrifices

=`xx' />";

length = Session("NumDoseGroups")*(Session("NumSacrif ices")- 1);

for (i = 0; i < length ; i++)

{

temp = interimSacrificesTemplate.replace(/xx/, Session("InterimSacrificeTimes"

+ i));

xml += temp;

}

var emailTemplate = "<guestemail email=`xx' />";

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

xml += "</acss>";

return xml;

}

%>

A.2 xprocessOutputR.asp

<%@Language=JScript %>

<%

var xmlInput,UserEmail,iHandlerID;

.....

if ("" + Request.Form("Submit") != "undefined")

{

UserEmail = Session("Email");

xmlInput = 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: Referencetable for the parametervaluesfor selectinglow tumor lethality

(< 10%)

Weibull-1.0a Weibull-3.0 Weibull-6.0

TumorRate 78b 104 78 104 78 104

.05 2.50 2.00 25.0 20.0 50.0 40.0

.10 2.40 1.90 24.0 19.0 45.0 39.0

.15 2.30 1.80 23.0 18.0 43.0 38.0

.20 2.20 1.70 22.0 17.0 42.0 37.0

.25 2.10 1.60 21.0 16.0 41.0 36.5

.30 2.00 1.50 20.0 15.0 40.0 36.0

.35 1.90 1.40 19.0 14.0 39.5 35.5

.40 1.80 1.30 18.0 13.0 39.0 35.0

.45 1.70 1.20 17.0 12.0 38.5 34.5

.50 1.60 1.10 16.0 11.0 38.0 34.0

.55 1.50 1.05 15.0 10.5 37.5 33.4

.60 1.45 1.00 14.0 10.0 37.0 32.8

.65 1.40 0.95 13.0 9.5 36.0 32.2

.70 1.35 0.93 12.0 9.0 35.0 31.5

.75 1.30 0.90 11.0 8.7 34.0 30.5

.80 1.25 0.87 10.0 8.5 33.0 29.0

.85 1.20 0.84 9.0 8.3 32.0 27.0

.90 1.15 0.80 8.5 8.0 31.0 25.0

.95 1.10 0.70 8.0 7.5 30.0 23.0

aTumoronsetdistributions; bStudydurationin weeks
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Table 4: Referencetable for the parametervaluesfor selectingintermediatetumor

lethality (� 40%)

Weibull-1.0a Weibull-3.0 Weibull-6.0

TumorRate 78b 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 21.5 210.0 160.0 430.0 360.0

.30 35.0 21.0 200.0 150.0 425.0 350.0

.35 34.0 20.5 195.0 145.0 420.0 340.0

.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 24.0 17.0 182.0 135.0 400.0 300.0

.60 22.0 16.0 178.0 132.0 390.0 285.0

.65 21.0 15.0 174.0 130.0 380.0 270.0

.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 17.0 10.0 150.0 110.0 320.0 230.0

.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: Referencetable for the parametervaluesfor selectinghigh tumor lethality

(> 60%)

Weibull-1.0a Weibull-3.0 Weibull-6.0

TumorRate 78b 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

.15 290.0 240.0 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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Table6: Power calculationfor animalcarcinogenicitystudiesof NNK in Antisense

RAR-� mice

Typeof mice CRSRa Hazardratio (6,50)b (6,55,3,45)c (3,30)d

AntisenseRAR-� 2.0 79.9 84.6 61.2

hemizygous(+/0) samee 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

differentf 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

homozygous(+/+) same 2.5 97.2 97.7 85.2

mice 3.0 99.3 99.7 93.6

2.0 82.8 84.7 63.5

different 2.5 96.4 96.8 83.6

3.0 99.2 99.4 93.0

aCompetingRisksSurvival Rate

b6 miceat eachserialsacri�ce (39,52,65weeks)anda total of 50micepergroup

c6 miceat aninterimsacri�ce (52weeks)anda totalof 55mice(controlgroup);

3 miceat aninterim sacri�ce (52weeks)anda total of 45mice(dosegroup)

d3 miceat eachserialsacri�ce (39,52,65weeks)anda total of 30micepergroup

e85%CRSRfor thecontrolandadosegroup

f 85%CRSRfor thecontroland50%CRSRfor adosegroup
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Figure9: A �o wchartfor thecommunicationbetweenthefrontendandthecoreprogram
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Figure10: A data-�ow diagraminsideACSScalculationprogramin Figure9.
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