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Why clinical studies in Why clinical studies in 
children?children?

Klotz et al 1975Klotz et al 1975

• PK (disposition, absorption) may differ
• Disease manifestation can differ
• Medical and regulatory demands
• Marketing aspects
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One One YearYear GrowthGrowth in in PrepubertalPrepubertal
(<9 yrs) Children(<9 yrs) Children

InhaledInhaled IntranasalIntranasal
DoseDose
((µµg/g/dayday))

∆∆
(cm/year)(cm/year)

DoseDose
((µµg/g/dayday))

∆∆
(cm/year)(cm/year)

FluticasoneFluticasone 100 0.60.6 200 0.140.14

BudesonideBudesonide 500 0.50.5 64 0.270.27

BDPBDP 336 1.451.45

Starke P, FDA Pediatric Advisory Committe Meeting



PulmicortPulmicort and Final Heightand Final Height
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Frequency of Congenital MalformationsFrequency of Congenital Malformations
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PulmicortPulmicort in Children in Children –– Clinical Clinical DocumentationDocumentation

--SafetySafety
-- Long termLong term

Bone Mineral Bone Mineral DensityDensity
GrowthGrowth
ACTH stimulation testACTH stimulation test
OcularOcular
PregnancyPregnancy

-- ShortShort termterm
CortisolCortisol
LactationLactation
PharmacokineticsPharmacokinetics



BudesonideBudesonide and and LactationLactation

Fält 2006



2000 µg

460 µg

90 µg

360 µg

120 µg

Fate of Fate of PulmicortPulmicort ((budesonidebudesonide))
RespulesRespules

6 year old child

Rest Remaining 
after Nebulization

Inspiration 
Filter 
deposition

Expiration Filter 
Deposition



2000 µg

460 µg

90 µg

360 µg

120 µg

2000 µg

370 µg

260 µg

110 µg

270 µg

Fate of Fate of PulmicortPulmicort ((budesonidebudesonide))
RespulesRespules

6 year old child adult



PharmacokineticsPharmacokinetics of of BudesonideBudesonide
in Mild in Mild AsthmaticsAsthmatics
UsingUsing PressurizedPressurized MeteredMetered DoseDose InhalerInhaler with with SpacerSpacer

TreatmentTreatment
pMDIpMDI 2 x 200 2 x 200 µµg inhaled via g inhaled via 
NebuchamberNebuchamber
22--3 yrs using face mask3 yrs using face mask
44--6 yrs and adults used mouth 6 yrs and adults used mouth 
piece and nose clippiece and nose clip

Anhöj et al. 2000



PharmacokineticsPharmacokinetics of of BudesonideBudesonide
in Mild in Mild AsthmaticsAsthmatics
UsingUsing PressurizedPressurized MeteredMetered DoseDose InhalerInhaler with with SpacerSpacer

DoseDose--toto--
SubjectSubject

TreatmentTreatment
pMDIpMDI 2 x 200 2 x 200 µµg inhaled via g inhaled via 
NebuchamberNebuchamber
22--3 yrs using face mask3 yrs using face mask
44--6 yrs and adults used mouth 6 yrs and adults used mouth 
piece and nose clippiece and nose clip
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PharmacokineticsPharmacokinetics of of BudesonideBudesonide
in Mild in Mild AsthmaticsAsthmatics
UsingUsing PressurizedPressurized MeteredMetered DoseDose InhalerInhaler with with SpacerSpacer

DoseDose--toto--
SubjectSubject

TreatmentTreatment
pMDIpMDI 2 x 200 2 x 200 µµg inhaled via g inhaled via 
NebuchamberNebuchamber
22--3 yrs using face mask3 yrs using face mask
44--6 yrs and adults used mouth 6 yrs and adults used mouth 
piece and nose clippiece and nose clip
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No significant differences No significant differences 
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NebuchamberNebuchamber output unaffected output unaffected 
by the age of the patientby the age of the patient

Anhöj et al. 2000



PharmacokineticsPharmacokinetics of of BudesonideBudesonide
in Mild in Mild AsthmaticsAsthmatics
UsingUsing PressurizedPressurized MeteredMetered DoseDose InhalerInhaler with with SpacerSpacer

PP--BudesonideBudesonide
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PediatricPediatric StudiesStudies
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BudesonideBudesonide NebulizingNebulizing SuspensionSuspension
semisemi--simultaneous iv and inhaled dosessimultaneous iv and inhaled doses

PP--BudesonideBudesonide
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SimultaneousSimultaneous dosingdosing

Agertoft et al 2003



Anatomical Cast of ThroatAnatomical Cast of Throat

D. Swift, Baltimore
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Flow ratesFlow rates
Turbuhaler 60 L/min
DPI   91 L/min
pMDI 28 L/min

Fine Particle dose of Fine Particle dose of FluticasoneFluticasone and and 

BudesonideBudesonide
Andersen sampler with different inlet throatsAndersen sampler with different inlet throats

Berg, E. 1995; Olsson, B 1995



Lung Deposition in AsthmaticsLung Deposition in Asthmatics
Inhaling Steroids via Dry Powder InhalersInhaling Steroids via Dry Powder Inhalers
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Lung Deposition in AsthmaticsLung Deposition in Asthmatics
Inhaling Steroids via Dry Powder InhalersInhaling Steroids via Dry Powder Inhalers
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Peak Peak InspiratoryInspiratory Flow (PIF) through Flow (PIF) through 
TurbuhalerTurbuhaler in Children with Asthmain Children with Asthma
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38 aged 3-6 yrs: mean flow 59 L/min
44 aged 7-10 yrs: mean flow 70 L/min

Ribeiro et al, 1996



PulmicortPulmicort in Children in Children –– Clinical Clinical DocumentationDocumentation

--SafetySafety
-- Long termLong term

BMDBMD
GrowthGrowth
HPAHPA
OcularOcular
PregnancyPregnancy

-- ShortShort termterm
HPAHPA
LactationLactation
PKPK

-- EfficacyEfficacy
-- Long termLong term

LungLung functionfunction
ExcacerbationsExcacerbations
HospitalisationsHospitalisations

-- ShortShort termterm
LungLung functionfunction
DepositionDeposition



Two doses of an inhaled steroid Two doses of an inhaled steroid vsvs
placebo in stable asthmaplacebo in stable asthma
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Two doses of an inhaled steroid vs
Placebo in stable asthma

Placebo

Budesonide
200 µg QD

Budesonide
400 µg QD
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Shapiro et al 2001



Study designStudy design
Study designStudy design 11
dose/concentrationdose/concentration--

Study design 2Study design 2
effecteffect--controlledcontrolled

controlledcontrolled
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Clinical Clinical TrialsTrials in Childrenin Children ––
examplesexamples ofof DoDo´́ss

MaximizeMaximize benefitbenefit vs. vs. burdenburden
Blood samplingBlood sampling

SemisimultaneousSemisimultaneous designsdesigns
Collect multipurpose samplesCollect multipurpose samples
Pool samplesPool samples
Use indwelling catheters (with topical Use indwelling catheters (with topical anesthesiaanesthesia))
Develop assays requiring small blood volumes or (if Develop assays requiring small blood volumes or (if 
possible) urine or salivapossible) urine or saliva

Substitute, if possible, Substitute, if possible, in vivoin vivo with with inin vitro/ex vivovitro/ex vivo experimentsexperiments
Lung depositionLung deposition

Trial designs Trial designs 
Have to be discriminativeHave to be discriminative
Ensure authority buyEnsure authority buy--inin



Clinical Clinical TrialsTrials in Childrenin Children –– examplesexamples
ofof DonDon´́tsts

Do not Do not neglectneglect informedinformed consentconsent and and treatmenttreatment benefitbenefit
issuesissues
Do not Do not assumeassume mg/kg is mg/kg is validvalid dosingdosing approachapproach

WhenWhen efficacyefficacy//safetysafety is is poorlypoorly relatedrelated to to weightweight
WhenWhen PK/PD is PK/PD is nonlinearnonlinear
WhenWhen effecteffect is is topicaltopical

Do not Do not assumeassume scarcescarce PK sampling or PK sampling or trunkatedtrunkated AUC AUC 
designs designs willwill be be succesfulsuccesful –– get get authorityauthority buybuy--inin
Do not Do not assumeassume compliancecompliance in in safetysafety studiesstudies
Do not Do not assumeassume capsulescapsules cancan be be swallowedswallowed
Do not Do not exceedexceed recommendedrecommended maximum maximum bloodblood samplesample
volumevolume




