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2.1 Phase I clinical trials (from Dr. Marie

Davidian)

Broad definition: Phase I trials are the first studies in which a new

drug is administered to human subjects.

• Previous studies in the laboratory (in vitro)

• Previous studies in animals, e.g. rats, dogs (in vivo)

Objectives: Before efficacy (activity of a drug on disease) of the drug

may be established, first must

• Determine a “safe,” “tolerable” dose (through dose-escalation)

• Develop an appropriate schedule of administration

• Gain understanding of the pharmacology of the drug

• Need to examine interaction effects (drug-drug, drug-food,

drug-alcohol) for safety profile and proper labeling.
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In addition: Do this in a timely manner, using a small number of

subjects.

Features:

• Most are not comparative but rather are “informational”

• “Interaction studies” are comparative, but not aimed for efficacy,

still “informational” (for safety).
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Types of studies:

• “Dose-finding” studies – determine the maximum dosage that can

be given without serious “problems” – these studies are often

themselves called “phase I studies” (especially for cancer studies)

• Clinical pharmacology studies – determine the pharmacokinetics of

the drug to aid in setting dosage schedules, understanding how

“problems” are related to amount of drug present

• Drug-drug interaction studies – determine how other commonly used

drugs affect important PK parameters, using a cross-over or parallel

design

• Drug-food interaction studies – determine how food affects

important PK parameters, using a cross-over or parallel design

• Alcohol/benzo interaction studies – determine how alcohol/benzo

affects PD parameters, using a cross-over or parallel design
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Pre-clinical Studies

Before administration to humans:

• In vitro studies – laboratory investigations using biological material

but not actual organisms; look for biologic activity of the drug

• Dose-finding studies in rodents, large animal species (e.g. dogs)

• Pharmacology studies in rodents, dogs, etc

• Goal – “scale up” previous results to provide first idea of behavior in

humans

• Advantage – Ethical issues involved in human experimentation

circumvented (coming up)
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PhaseIDose-findingStudies

Paradox:Althoughresultsof“dose-finding”willbecarriedforwardto

beusedinstudiesofefficacy(phaseII)andlatertocomparativetrials

(phaseIII)andeventuallytoroutinepatientcare

•Standardapproachestodesignandanalysishavelittlestatistical

justification

•Manytextsonclinicaltrialsdevotelittleornodiscussionto

dose-finding(orpharmacology)studies,e.g.Freedmanetal.

mentiononlyonp.3–4!
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Toxicity:“Problems”thatmayariseindirectresponseto

administrationofthedrug–sideeffects

•Naturedependsonthedrug

•E.g.changeinorganfunction–adrugtotreatcancermayinduce

irregularheartbeat

•Maybelife-threateningandirreversible

•Maybelife-threateningandreversible

•Maybenon-life-threatening
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Characterization:Oftendoneonastandard,“graded”scale

(especiallyforcancerresearch)

•Orderedcategoriesincreasinginseverity–GradesI–IVorV

•Examples:

IIIIIIIV

AbdominalMildModerateModerateSevere

Pain(Notrt)(Trt)(Hospital)

Creatinine60–7550–5935–49<35

Clearance

(cc/min/1.73m
2
)

Slide50

CHAPTER2ST520,D.Zhang

Definingtoxicity:

•Whichtoxicitiesarerelevantdependsonintervention,natureoflikely

subjects,clinicaljudgment–mustbedefinedbytheinvestigators

•Whatdegreeoftoxicityis“acceptable”mustbeestablished

Terminology:DoseLimitingToxicity(DLT)

•Seriousorlife-threateningbutreversible

•Oftenusedasthedefinitionfordose-findingincancerresearch

Assumption:Maximumbenefitoccursatmaximumdoses
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Mainobjective:DeterminetheMaximumToleratedDose(MTD)

•The“highestpossiblewhilestilltolerable”dose

•Involvessomeleveloftoxicitywearewillingtotoleratebecauseof

thedrug’spotentialbenefit

•E.g.“thedosethatproducestoxicityofgradeIIIorworseinnot

morethanoneoutofthreepatients”(oftenusedforanticancer

agents)

Statisticallyspeaking:Determinethedoseatwhichtheproportion

ofsubjectsinthepopulationwhowoulddeveloptoxicityifgiventhis

doseis1/3

•I.e.the33rdpercentileofthedistributionoftoxicityinthe

population
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IllustrationofMTD:ahypotheticalexample
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Subjects:Natureofsubjectsuseddependsondrug

•Healthyvolunteers–usedwheretoxicitiesunlikelytobesevere,e.g.

topicalagents

•Patientswithadvanceddisease–usedwheresubjectshavefailed

othertherapies,toxicitieslikely.e.g.chemotherapy

Goal:Establishappropriatedosequicklywhileexposingasfewsubjects

aspossibletosuboptimaldosesthatarelikelynottobeefficacious
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Idealdesign:

•SelectdosesD1,...,Dkforstudysuchthatoneoftheseis(close

to)theMTD

•Randomizesubjectstoeachdose,nisubjectsatdosei

•ObservenumberriexhibitingDLTateachdose,andcalculate

proportionsexhibitingDLTpi=ri/ni

•Modeldose-response(probabilityoftoxicity)andfittoobserved

proportionsateachdose

•EstimateMTDfromfittedmodel
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Modelsfordose-response:

•Y=1iftoxicityobservedforasubjectatdosed

•P(Y=1|d)=f(d,β),fmonotoneindose

•Dosed0associatedwithspecifiedprobabilityp0=P(Y=1|d0)is

d0=f
−1

(p0,β)

•E.g.IfMTDisdefinedasdosewheretoxicityis33%,

MTD=f
−1

(0.33,β)

•EstimateβfromdataandusetoestimateMTD,i.e.
̂
MTD=f

−1
(0.33,β̂)

•Moregenerally

�Mayestimatedoseassociatedwithanyprobability

�Mayestimateprobabilityassociatedwithanyfixeddose

•Standardapproachforanimalexperiments
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Logisticmodel:

P(Y=1|d)=
exp(β0+β1d)

1+exp(β0+β1d)
,β=(β0,β1)=(−10,0.4)

Dose

P
robability of toxicity
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Problem:Thisapproachnotfeasibleinhumansubjectsduetoethical

considerations

•Becausedrugnotpreviouslyusedinhumans,musttestatlower

dosesfirstbeforefeelingconfidentenoughtomovetohigherdoses

•Donotwanttotreatmanysubjectsatdosethatistoolowtodo

goodortoohigh(toxic)

•Result:cannotsimplyrandomizesubjectstodifferentdoselevels
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Approach:“Adaptive”designs–doseescalation

•Tryadoseinseveralsubjects

•Ifnotoxicities,tryahigherdoseinseveral(new)subjects

•Continueuntildoseisfoundthatyieldstoxicity

•Sometimes,may“de-escalate”fromadosethatisnottolerated

•Manyvariationsonthisidea

Result:Samplesizeisnotspecifiedinadvance;rather,itisan

outcomeofthestudy

•Usually,samplesizeissmall(∼20)
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Standarddesign(tofindMTD):Selectasequenceofincreasing

doses.Startatlowestdoselevelandadministerdrugto3subjects

1.Ifnotoxicityobservedinanyofthe3subjects,escalatetothenext

doseandbeginagain

2.Iftoxicityobservedin2ormoreofthe3subjects,STOP

3.Iftoxicityobservedinexactly1subjectofthe3,treat3additional

subjectsatthisdose.Ifnoneoftheadditionalsubjectsexhibits

toxicity,thenescalatetothenextdoseandbeginagain;otherwise,

STOP

MTD:Usuallydefinedasoneof

•Doseatwhichtrialstops

•Nextlowestdoseinthesequence

•Somefractionofthelastdose
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Determiningtheinitialdose:Thestartingdoseofthesequenceis

choseninaconservativeway,e.g.

•Fromrodentstudies,estimateofLD10isavailable;LD10=dose

wherepercentageofrodentsexhibitingmortalityis10%

•Useasstartingdose1/10oftherodentLD10givenonamg/kg

basis(scaledfromrodenttohumansize)

•ORfromlargeranimal(e.g.dog)studies,determinethetoxicdose

low(TDL)=thelowestdoseatwhichanytoxicityseen

•Useasstartingdose1/3ofthedogTDL
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Determiningthesequence:Wanttoselectdosesinawaythatwill

revealthe“MTD”withoutrequiringanexcessivenumberofdoselevels

•Commontechnique–“modifiedFibonacci”sequence

•UsualFibonaccisequence1,1,2,3,5,8,13,21,...

•Ratioofsuccessiveterms→1.618(≈62%increase)

•Modifytoincreaselessrapidlywithdecreasingincrements

•Alternative:equally-spaceddosesonlogscaleoverrange
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Example:ModifiedFibonacciwithD=initialdose

StepUsualModified%Increment

1DD–

22×D2×D100

33×D3.3×D67

45×D5×D50

58×D7×D40

613×D9×D29

721×D12×D33

834×D16×D33
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Performanceofthestandarddesign:Example

DoselevelActualtoxicityprob.(πi)Prob(pi)ofstopping

(unknowninpractice)atthisdose

10.150.186

20.200.237

30.250.231

40.300.178

50.330.096

60.50
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•E.g.probabilityofstoppingatdoselevel1(π1=0.15):

p1=P[(Z1>1)∪(Z1=1,Z2>0)](Z1,Z2
iid
∼binomial(3,π1))

=P[Z1>1]+P[Z1=1,Z2>0]

=P[Z1>1]+P[Z1=1]P[Z2>0]

=3π
2
1(1−π1)+π

3
1+3π1(1−π1)

2
(1−(1−π1)

3
)=0.186
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•Giventhetrialreacheslevel2,theprobabilityofstoppingatdose

level2canbecalculatedinthesameway(replaceπ1byπ2),which

is0.2912.

•Theprobabilityofstoppingatdoselevel2(π2=0.20):

p2=0.2912×(1−p1)=0.237.

•Chanceofeverreachingthe33rdpercentileisonly16.8%

(1−p1−p2−p3−p4)

•Giventhetrialreachesthe33rdpercentile(doselevel5),thechance

ofstoppingthereisonly57%(calculatedsimilarlytop1byreplacing

π1withπ5)
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Remarks:Statisticallyspeaking

•IfthetrueMTDisdefinedaspreviously,notclearthatthedose

announcedasMTDisacredibleestimateofthisquantity

•Thedesignhasnointrinsicpropertythatmakesitstopatthe33rd

oranyotherpercentileofthetoxicitydistribution

•TheannouncedMTDcanonlybeatornearoneofthedosesinthe

sequenceused,noneofwhichmaybeexactlyequaltothe33rd

percentile

•Nobasisforaccountingforsamplingerror(standarderrors?)

•Noappealtoformalstatisticalmodel

•Likelytotreatmostsubjectsatlowdoses
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Remarks:

•ThestandarddesignwiththismethodofdeclaringtheMTDis

widelyused,despitestatisticalconcerns

•ThemethodofMTDdeterminationisfavoredbyinvestigators(the

declaredMTDdependsonindividualpatientoutcomes)

•ThemethodofMTDdeterminationisofconcerntostatisticians

(samplingerrorisnottakenintoaccount)

•Proposalsinthestatisticalliteratureformorerigorousanalysisand

otherdesignshavebeenmade
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Formalapproachtoanalysisofthestandarddesign:

•Assumeastatisticalmodelforprobabilityoftoxicityatdosed

P(Y=1|d)=f(d,β)

Y=1ifsubjectexhibitstoxicity,0otherwise

•Fortheithgroupof3subjects,letZi=#ofsubjectsexperiencing

toxicity,correspondingXi=doselevel

•Itispossibletowriteoutthelikelihoodforthedata(Zi,Xi),

i=1,...,n,wherenisthe(random)samplesize

•TheMTDasformallydefinedcouldthenbeestimatedby

maximizinglikelihoodinβandsolvingforMTD

•Writingdownthelikelihoodrequiresarecursiveconditioning

•Important:Propertiesofthisarenotassimplebecausesampling

wasnotrandom
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Attemptstoimproveuponthestandarddesignandanalysis:

Two-stagedesigns(Storer,1989):

•Stage1–useveryfewpatientstogettothedoseregionwherethe

“actionis”(closetoMTD)

•Stage2–useaversionofthestandarddesignandfindtheMTD

•Allowdosede-escalation(gotolowerdose)aswellasescalation

(“upanddown”design)

•Useastatisticalmodel,MLEtoestimateMTDformally
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Two-stagedesigns(Storer,1989):

•Stage1:

�Singlesubjectatadose

�Ifnotoxicity,escalatedosefornextsubject

�Iftoxicity,de-escalatedosefornextsubject

�Beginsecondstageatfirsttoxicity

•Stage2:

�3subjectsatadose

�Ifnotoxicityescalatedosefornextgroup

�If1toxicity,add3subjectsatthisdose

�If>1toxicity,de-escalatedosefornextgroup

�#groupsfixedinadvance
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Stochasticapproximationmethods(Anbar,1984):

•Estimatethenextdosesequentially

Continualreassessmentmethod(CRM,O’Quigley,Pepe,

andFisher,1990):

•Bayesianapproach–specifyapriordistributionfortheMTDand

modelforprobabilityoftoxicity

•Firstsubjectgetsdose=priorvalueoftheMTD

•Aftereachsubject,useBayes’ruletoupdatetheposterior

distributionoftheMTDgiventhedatasofar

•Usethemodeofthisdistribution(Bayesian“estimate”)asdosefor

nextsubject

•StopafterafixednumberofsubjectsanddoaBayesiananalysisto

estimatetheMTD
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Disadvantages:Bothapproaches

•Requireanalysisaftereachsubject

•Maybetooaggressive

•Requiredosesthatmaybedifficulttoprepare

•Modificationshavebeensuggested;areareaofcurrentresearchand

investigation
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