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Introduction: M a ny p a t i e n t s w it h c h r on i c o b st r u ct i v e p u l m o n a r y d i s e a s e o r a s t h m a e x p e r i e n ce d i cu l t i e s inffi

c o o rd in a t i n g i n h a la t i o n w it h p r e s su r iz e d m e t e r e d - d o s e in h a l e r ( p M DI ) a c t u a t i o n . T h e u s e o f a s p a ce r de v i c e c a n

i m p r o v e dr u g d e l i v e r y i n t h e s e p a t i e n t s . T h e a i m of t h is s t u d y w a s t o es t a bl i s h t h e r e la t i v e b i o a v a i la b i l i t y o f

s i ng l e d os e s of S y m b ic or t (b u d es oni d e/f o rmo tero l) pMDI 160 /4.5 g / a c t u a t i o n (2 a c t u a t i o n s ) u s e d wi t h a n dμ

w i t h o u t a sp a ce r d e v i c e . In a d d i t i o n , a n s t u d y w a s c o nd u c t ed t o c ha r a ct e riz e p e r f o r m a n c e of t h e in h a l e rin vitro

w h e n u s e d i n c o n j u n c t i o n w i t h a s p a ce r d e v i c e .

Methods: A P h a s e I , r a n d om ize d , o p e n - la b e l , s in g l e - do s e , s in g le -center , cr os s ove r s tu d y i n 50 healthy v o lu nte ers

( N C T 0 2 9 3 4 6 0 7 ) a ss e s s e d t h e r e l a t i v e b i oa v a i l a bi li t y o f s i n g le - d o s e Sy m b i c o r t pMD I 16 0/4 . 5 g /ac t uatio n ( 2μ

ac tuatio n s ) w ith a n d wi tho u t a s p a c e r ( A e ro C h a m b e r P lu s F l o w- V u ) . I n h a led d o s e s w er e a d m i n i s t e r e d w it h o u t

o r w i t h a ct i v a t e d c ha r c o a l (t a k e n o r a l ly ) t o es t i m a t e to t a l s y s t e m i c e x p o s u r e a n d ex p o su r e t h r o u g h t h e l u n g ,

r es p e c t i v e l y . T h e st u d y c h a r a c t e r i z e d t h e e e c t of t h e s p a c e r w it h r e s p e ct t o d e li v e r e d d os e , n e p a r t i c l ein vitro ff fi

d os e , a n d d os e du r i n g s im u l a t e d b r e a th in g o f b u des o ni de an d f orm oter ol .

Results: I n t e r ms of t o t a l s y s t e m i c ex p o s u r e , u s e o f t h e s p a c e r i n c r e a s e d t h e re la t i v e b i o a v a i l a bi l i t y d e t e r mi n e d

b y AUC a n d C b y 6 8 % (s p a c e r : n o s p a c e r t r e a t m e nt r a t i o , 1 67 . 9 % ; 90 % C I , 1 4 4 . 1 t o 1 9 5 . 6 ) a n d 9 9%

( rati o, 1 98.7 % ; 9 0% CI , 16 4.4 to 2 40 . 2) f or bud eson i de, an d 77 % ( ratio , 1 76 .6%; 9 0% C I, 14 5.1 t o 215 .0) a n d

1 24 % ( r a t i o, 22 3. 6 % ; 9 0 % C I , 18 9. 9 t o 2 6 3 . 3 ) fo r f o r m ot e r ol , r e s p e c t i v e l y , c o m p a r e d w i t h p M DI a l o n e .

S imi la r ly , t he lu n g ex p os u re o f bu d es o ni de a n d f o rmo t ero l in cr ea s ed ( A UC a n d C b y 1 46% [r atio,

2 46 . 0%; 9 0% C I, 200 .7 to 30 1.6] an d 1 27 % [r a tio, 226 .5%; 9 0% CI , 18 6.4 t o 27 5.4 ] f or bud eso ni de, a nd 17 3%

[ ratio , 2 72 .8%; 9 0% C I, 20 2.5 t o 3 67 .4] a n d 1 36% [rati o, 23 6.2% ; 90 % C I, 1 92 . 6 t o 28 9.6] f o r f orm oter ol ,

r es p e c t i v e l y ) w h e n t h e p M DI w a s a d m i n i s t e r e d t h r o u g h t h e s p a c e r .

W he n a ss e s s e d b y A U C q u a r t i l e w i t ho u t s p a c e r , s u b j e c t s i n t h e l o we s t ex p o s u r e q u a r t i l e ( i nd i c a t i n g p o o r

i n ha l a t io n t ec hn iq u e ) w it h S y m b ic or t p MD I 1 60 /4 . 5 g / a c t u a t i o n ( 2 a c t u a t i o n s ) h a d m a r k e d l y i n cr e a s e d t o t a lμ

s y s t e m i c a n d l u n g ex p o s u r e w he n t h e s a m e d o s e wa s a d m i n i s t e r e d w it h t h e s p a ce r . I n c o nt r a st , fo r s u b j e c t s i n t he

h i g h e s t e x p o su r e q u a r t i le w i t h p MD I a l o ne , t o t a l s y s t e m i c a n d l u ng e x p o s ur e o f f o r m o t e r o l a n d b u d e s o n i d e w a s

s i m i l a r wi t h a n d w it h o u t t h e s p a c e r .

In the s tudy, t he n e partic l e d os e (< 5 m) of bo t h b udes o n ide an d f orm oter ol f ro m t he s p ace r atin vitro fi μ

d e l a y t i m e ( i . e . p a u s e p e r i o d a f t e r a ct u a t i o n ) = 0 s ( i ns t a n t a n e o u s) a f t e r a ct u a t i o n w a s s i m i l a r t o t he n e p a r t i c lefi

d ose wh en no t u sing th e sp a cer . Th e d elivere d d o se s of bud esoni de and f o rmo tero l f rom t h e spacer we re bo th
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l o wer c omp a red w ith t h e d os es a dm in is tere d wi t ho ut th e s pac er . Th ere was als o a dec reas e in del ive red d os e

w it h i n cr ea s in g de la y t i me.

Conclusions: T h e c l i n i c a l s t u d y d e m on s t r a t e d t h a t i n s u b j e c t s w it h p o o r i n h a l a t i o n t e c h n i q u e t h e u s e o f t h e

A e r o C ha m ber P l u s Flow -Vu s p a c e r i n c r e a s e d t he bi o a v a i l a bi li t y o f S y m b i c o r t pMDI to a l evel o bser v ed i n

s u b j e c t s w i t h g o o d i n h a l a t i o n t e c h n i q u e w it h o u t a s p a c e r . T h e n d i ng s f r o m t h e s t u d y s u p p o r t t h e n efi in vitro fi

p a r t i c le d o s e ch a r a c t e r i s t i c s of Sy mb i c o r t p MD I w i t h t h e Ae r o C h a m b e r P lu s Flow -Vu s p a c e r .

1. Introduction

O b s er v a ti o n al st u d i es h av e s h ow n t h e re i s a s ig n i c an t re l at i o n s h i pfi

b e t w e en t h e q ual i t y of i n h a l e r us e a n d c o n t ro l o f s y m p t om s in p a t i en t s

w i th ch r o n ic o b st ru c ti v e pu l mo n a ry d i se as e ( C OP D) an d a st h m a [ ] .1

I n d e ed , p re v io us st ud i es h a v e d e mo n st r at e d th a t ar o un d 75 % of pa-

t i e n t s w i t h CO PD h a d p oo r in h a l a t io n t ec h n i q u e w h e n u si n g a p r es -

s ur iz ed m et e re d -d o se i n h a l e r ( pM DI ) [ ] . S i m il a r r e sul t s h a v e b e en2

o b s e rv e d i n p a t i en t s w i t h a s t h m a [ , ] . S p e c i c a l l y , s tu d ie s ev a l u a t in g3 4 fi

i n h a l a ti o n te c h n i q u e h av e id e n t i e d t h a t th e mo s t c om m on c r it i c alfi

h a n d l i n g er ro r s w i t h p M D Is ar e r el a t ed t o co o rd i n at i o n of i n h a l at i on

w i th in h a l e r ac t ua t io n [ ] . P oo r in h al a t io n t e ch n iq u e l ea d s t o de c re a se d5

m e d ic a t io n de l i v er y t o t h e l u n g s an d , in t u r n , p oo r di s ea s e c o n tr o l [ ] .6

I n p a t ie n t s w h o e xp er i en c e d i cu l ti e s in c oo rd i n a t in g i n h a l a ti o n w it hffi

p MD I a ct u at i on , t h e us e o f a sp a c e r d e vi c e (a l s o kn ow n a s a v a l v ed

h o l d i n g c h a m be r d ev i c e ) ca n i m p r ov e t h e e c i en c y o f dr u g d el i v e ryffi

[ , , ] .2 7 8

S y m b i c o r t , a c om b i n a ti o n of t h e in h al e d co r ti c o s t er oi d ( I C S ) bu -

d e s o n i de a n d t h e ra p i d an d l o n g - a ct i n g β - a dr e n oc e pt or a go n is t f or -

m o t e r o l , i s c o m m e r ci a l l y a v a i l a b l e a s a d r y p ow d e r i n h al e r ( DP I )

( S y m b i c o r t T u rb uh a l e r ) an d p M D I ( S y mb i c o r t p MD I ). I t h as b e e n

s h ow n t o b e e ec t i v e in re d u c i n g ex a ce r b at i on s an d i m p r o vi n g s y m p -ff

t o m s i n p a ti e n t s w it h mo d er a te - to - s ev e r e CO PD o r a s t h ma , ei t h er avia

D P I or a p MD I [ ] . B u d e s on i d e pr o vi d e s a h i g h l o ca l an t i -i n -9 14–

fl ffa mm a t or y e e c t w i th in th e l u n gs an d a i rw ay s, w h i l e fo rm o te r ol r e -

s ul t s in a r ap id an d l o n g -a c ti n g r el a x a ti o n o f br o n c h ia l s mo o th m u s c l e

i n p a ti e n t s w i t h re v e rsi b l e a ir w a y c on s tr u c t i on [ ] . B ud es on i d e u n -1 5

d e rg oe s ra pi d , e x t en s iv e a n d r e ve r si b l e es te r i c a t i on in t h e l un g s,fi

r e ad i l y d i sso lv es i n b r on c h i a l se c re t io n s, a n d i s r ap id ly an d ex t en s iv e ly

a b s o rb e d w i t h m a x im u m pl a s m a c on c e n t ra t i on r e ac h e d w i t h i n 3 0 m in

[ ] . Fo rm o te r ol i s ra pi d l y ab so r be d a n d a m ax i m um p l as ma c on -16

c e n t ra t i on i s r ea c h e d w i t h i n 1 0 mi n [ ] .1 6

T h e pr es en t s t u d y w a s d e s i g n e d t o est a b l i s h t h e re l a ti v e b i oa v ai l -

a b i l i ty of S y m b i co r t ( b ud e so n i de / for m ot e ro l ) p MD I w i t h a n d w i t h o u t

a spa c er de v i ce (A e r oC h a mb e r P l us Flow -V u ; T r u d e l l M ed i c al

I n t e rn at i on a l , L o n d on , On t a ri o , C an ad a ) in h ea l t h y v ol u n t ee r s . I n a d -

d i t i on t o t h e cl i n i c al s t u d y , a n s tu dy w as c on d u c t e d t o c h a r-in vitro

a c t er i z e t h e A er oC h a m be r Pl u s Flo w - V u spa c e r w h en ap pli ed t og et h e r

w i th S y m b i c o r t p MD I , w i t h re g a r d t o h o w th e u s e of t h e s p a c er a e c t sff

t h e n e pa r ti c l e d os e ( < 5 m ) d e l iv e r ed b y S y m b i co r tfi μ p MD I a c -

c o rd i n g t o st an da r d m et h o ds [ ] .1 7

2. Materials and methods

2.1. Clinical study

T h i s w a s a r a n do m i z e d, op e n - l ab e l , s i n g l e- c en t e r, cr o s s o v er st u d y i n

h ea l t h y v ol u n t ee rs ( i d en t i e r: ). T h eC l i n i c al T r ia l s . g ov fi N CT 0 2 93 4 60 7

p r i ma r y ob j ec t i v e w a s t o e s t a bl i s h t h e re l a ti v e b i oa v a il a b i l it y of

S y m bi c o rt ( b ud e son i d e /f or m ot e ro l ) pM DI 16 0 /4 .5 g/ a ct ua t i on ( 2μ

ac t u a t i on s ) w i t h a n d w i t h o u t a s pa ce r ( A e ro Ch a m b er P l u s Flo w - V u ) ,

w h e n a d m in i st e re d w it h o ut o r w i t h a c ti v a t ed o r al ch ar c oa l t o e st im a t e

t ot a l sy s t e m ic e x p os u r e an d e xp os ure t h r ou gh t h e l u n g , re s p e c t i ve l y .

T h e se c on d a ry o b je c ti v e s w e re t o c h ar a ct e ri z e t h e p h ar m ac o ki n e t ic

( PK ) pr o l e s o f b u de so n i d e a n d fo rm o t er ol d el i v e re d a pM DI w i t hfi via

an d w it h o u t a A e ro C h am b e r P l u s Flo w - V u s p a c er w i th o u t o r w i t h

ac t i v at e d c h ar c oa l , a n d t o a sse ss th e s af et y o f si n g l e d o se s o f S y m b i co r t

16 0 /4 . 5 g /a c tu at i o n ( 2 a ct u at i on s ) pM D I in h e al t h y s u b je c t s .μ

S u bj e ct s w e re sc r ee n e d f or a m a x im um o f 2 8 da y s b e fo re ra n d o -

m iz at i o n , w h ic h w a s f ol l o w e d b y f our t r ea t m en t p e ri o ds d u r i n g w h i ch

t h e s ub je c t s w e re r es id e n t i n t h e P h a se I U n i t f ro m t h e a ft e rn o on b ef or e

d os i n g w i t h S y m b i co r t pMD I u n ti l a t l e as t 2 4 h a ft e r do si n g . A t ea c h

t re at m e n t v i s i t , s u b j ec t s re c e iv e d ( u n de r f as ti n g co n d i ti o n s ) tw o a c-

t u a ti o n s of S y m bi c o rt pM DI ( 1 6 0/ 4 .5 g/ ac t ua t io n ) d e l i ve r ed w i th orμ

w i t h ou t t h e A er o Ch a m b er P l u s Flo w - V u s p ac e r w i t h out or w it h ac t i -

v at e d c h a rc oa l, r e sult i n g i n fou r t re at m e nt gr ou ps: A : pM DI a lo ne, n o

c h ar c oa l ; B: pM D I + A er oC h a m be r P l u s Flo w - V u s p a c e r, n o c h a r c o al ;

C : p M D I w it h c h a rc o al ; D: p M D I + A e r oC h a mb e r Pl u s Flo w -V u spa c e r

w i t h c h ar c oa l ( ) . De v i ce a n d i n h al a t i on tr a in in g us in g a pl a c eb oT ab l e 1

p M D I ( i de n t i c al t o S y m b ic o rt p M D I ) w i t h o r w it h o u t t h e A e r oC h a mb e r

Plu s F l ow -V u sp ac e r w a s c on du c te d on ad m i ssi on t o ea c h t re at m e n t

pe ri o d a n d pr i or t o d os in g o n D a y 1 o f e a c h t re a t me n t p er i od .

B l oo d sa m pl e s w er e t a ke n pr e- d ose a n d a t 5 , 2 0 , a n d 4 0 m in a n d a t

1, 2, 4, 8, 10 , 1 2, 1 8, a nd 2 4 h af t er S y m b ic o rt p M D I d o s i n g f or d e -

t er m in at i on of pl a s m a c o n c en t r at i on s o f b u d es on i d e an d fo rm o te r ol . A

fi n a l v i s i t o cc u rr ed 5 t o 7 da y s f o l l ow in g t h e l a s t d r u g a dm i n i s t ra t i on .

Be twe en ea c h t r ea t m ent pe riod, t her e wa s a minim um w as hout pe rio d

of 3 d a y s.

T h e c h a rc o al b l oc k t ec h n i q u e, as d es c ri b ed b y T h or s s o n et a l . [ ] ,18

wa s us ed t o a sse ss lu ng ex po su re . A ctiv a t ed cha r co a l wa s pr e pa re d a s a

c h ar c oa l - w at e r su spe n si o n ( ap pr ox i ma t el y 1 0 g c h ar c oa l i n 80 m L of

w a t er ) an d gi v en or al l y at r e pe at e d in t e r va l s: i m m ed i a te l y b e fo re i n -

h al a t i o n , i m m ed i at e l y af te r d o s i n g ( f o l l o w in g th e m o u t h r in se) , 1 h

af t er ad m i n is t ra t io n , an d 2 h af te r i n h a l at i on . S u b je c ts r i n s e d t h ei r

m out h s w i t h w a te r a ft er e ac h c h a r co a l ad m i n i st ra t i on , b u t th i s w a te r

w a s n o t s w a l l o w e d. S u b j e c t s w e r e tr a in e d b y st u dy p e rso n n e l t o p er -

f o rm i n h a l a ti o n t ec h n i q u e s c o rr e ct l y o n a d mi s s io n t o ea c h t re at m e n t

Table 1

T rea t me nt gr ou p s .

T r ea tm e nt g r o up Sym b ico r t ( bu deso nid e/ formo terol) p MDI 1 60/4.5 g /a ctu at ion (2μ

a ctu at ion s)

A e r o C h a m b e r Pl us F lo w- Vu s p ac er C harc oal bl oc k

A T ota l s yst em ic ex p os ur e

B

C L un g ex p osu r e

D

C o m p a r i s o n B v e r s u s A ( r e f e r e n c e ) ev a l u a t e d t h e e e c t o f t h e s p a c e r o n t o t a l s ystemi c ex p osure; co mpar ison D v er su s C (re fe rence ) e valuated th e e ect of t h e s p a c e rff ff

o n l u n g e x p os u r e .
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p er i od a n d pr i or t o d osi n g , i n or d er t o a ch i e v e re pr od uc i b i l it y o f in -

h a l a t io n . S u b je c ts r i n s e d t h ei r m ou th s t w i c e w i t h 2 5 m L o f w a te r a f t e r

a d m in is tr a ti o n o f S y mb i c or t pM DI.

T h e sa fe t y e n d po i n ts fo r t h i s s tu d y w e r e th e oc c ur re n c e of a d v er se

e v e n t s ( A E s ) a n d l a b or at o ry / v i ta l s i g n s a b n or m al i t i es , s u m m a ri z e d b y

t r ea t m en t a n d o v er all. A E s w er e co d ed u si n g t h e M ed D RA d i ct i o n ar y

v e r si on 1 9 .1 . A t re a tm e n t -e m er ge n t A E w a s de n e d as an A E w i t h on s etfi

a f t e r rs t do s e , i n c l u d i n g A E s o cc u rr i n g d u r i n g th e w ash o u t b e t w e enfi

s uc c es si v e tr e at m e n t pe ri o d s.

T h e st ud y w as pe r fo rm e d i n ac c o rd a n c e w i th e th i c a l pr i n c i pl es t h at

h a v e t h ei r or i gi n i n t h e De c l ar a ti o n of H els in k i a n d wa s c o n si st en t w it h

t h e I n te r n at i o n al C oun c i l f o r H ar m on i s a t i on Go o d C l i n i ca l P r ac t i c e

g ui d el i n e s. T h e c l i n i ca l st ud y p ro t oc o l w a s a ppr o ve d b y a n I n d ep en d e n t

E t h i c s C o m mi t t ee ( S o u t h C en t r al B e rk s h i re B R e s e ar c h E t h i cs–

C o m mi t t ee , B ri s t o l H R A C en tr e , L e v el 3 , B l oc k B, W h i t ef ri a rs , L e w i n s

M e ad , B ri s t o l B S 1 2 N T, U K ; R e f e re n c e 1 6 / S C /0 4 6 1 ) a n d t h e M e d ic i n e s

a n d H e a l th c a re Pr od uc t s R e gul a t or y A g en cy .

2.1.1. Subjects

H e al t h y m a l e an d f em a l e n on -s m o ke rs ag e d 1 8 y ea rs w i t h a b o dy≥

m as s i n d ex o f 1 8 30 k g/ m– , a n d w e i gh t 50 1 00 k g w er e e l ig i bl e≥ –≤

f o r pa rt i c ip at i on . S u b je c t s w e re r eq u i re d to h a v e a fo rc e d e xp ir a to r y

v ol u me i n 1 s (F E V ) of ≥8 0% o f th e p re d ic t e d v a l ue , a n d F E V / fo rc e d

v it a l c a pa c it y ra t io 7 0% . No c on c o m it a n t m e di c a ti o n o r t h er a py w as≥

p e rm i t t ed ( w i t h t h e ex c ep t io n of or al p ar a ce t am o l an d h or m on e re -

pla c em e n t t h er ap y /s y st em i c c on t r ac e pt i v es in fe m ale s) . Fe m ale s we re

re q ui r ed t o h av e a n e ga ti v e pr eg n an cy t e st a t sc re e n in g a n d on r stfi

ad m i s s i o n , a n d t o n o t b e l a ct a t in g.

2.1.2. Pharmacokinetic measurements

T h e pr im a ry PK p a ra m et e rs f o r r el a t i v e b io av a i l ab i l i t y c ri t er i a w e re

m ax i m um ob se r ve d pl a sm a c o n c en tr a ti o n ( C ) a n d ar e a u n de r th e

pl a sm a co n c e n t ra t io n - ti m e c urv e fr o m ti m e ze ro t o t i m e of l as t q ua n -

t i a b l e c on ce n t r at i on ( A U Cfi ) . Th e sec o n d ar y P K pa ra m e te r s i n -

c l u d ed a r ea u n de r th e p l as ma c o n c en t r at i on -t i me c u r v e f ro m z e ro t o

i n n i ty ( A U C) , t im e t o re ac h m a x im u m ob s e r ve d p l as ma c on ce n t r at i onfi

( t ) , h al f -l i f e a s s oc i at e d w i t h t e rm i n a l s l o p e (  z ) of s e m i -l o g a ri t h m icλ

c on c e n t ra t i on - t im e c u r ve (t ) , a p p a r en t v o l u m e of d is tr i b u t i on du ri n g

t h e t e rm i n a l ph a se ( e xt r av a sc ul a r a dm i n i st ra t i on ) (V /F ) , an d ap pa re n t

t ot a l b od y c l ea ra n c e of d r ug fr om p l as ma a ft e r ex t r av a sc ul a r ad m i n i s-

t ra t io n (C L / F) .

2.1.3. Statistical analysis

A l l s u b je c t s w h o re c e iv e d at l e a s t on e d os e o f S y m b i c or t p M D I , a n d

f o r w h om a n y s a f e t y p o s t -d o s e da t a w e re a va i l ab l e w e r e i n c l u de d i n t h e

sa fe ty a n alys is .

T h e PK an a l y s i s s et c o n s i s t ed o f a l l s u bj e ct s in t h e sa f e t y an al y s i s set

fo r w h om a t l ea st o n e of t h e pr im a ry P K p ar am e t er s for a gi v e n an a l y t e

c ou l d be c a l c u l a te d , a n d fo r w h o m n o im p or ta n t p ro t oc ol d ev i at i o n s

t h oug h t t o i m pac t on t h e ana l ysi s of P K d a ta oc c ur re d .

T h e pu rp o s e o f t h i s s t u d y w as to e s t i ma t e an y di er e n c e i n t h e P K offf  

Table 2

Parti ci p an t b as el in e dem og raph ic s .

P ara me ter S ub jec ts (N = 5 0 )

M e a n a g e , y e a r s (S D ) 4 2 . 2 (1 6 . 3 )

Ma les, n (% ) 28 (56.0)

R a ce , n ( %)

Wh ite 3 6 (72 .0 )

Bl ack o r A frican American 5 ( 10.0)

As ian 4 (8.0)

Ot her 5 (10.0)

M e a n h i g h e s t FE V % p redic ted (S D) 104.8 (13.8)

M e a n F E V , L (SD) 3.7 ( 1.0)

M e a n B M I , kg / m ( SD ) 2 4 . 4 (2 . 9 )

B MI , b od y ma s s i n dex ; SD , s t a n da r d dev i a t io n.

Fig. 1. P l a s ma bu d es on i de co n ce nt r a t io n-

t im e p r o l e s f ol l ow in g a d m in i st r a t io n offi

S y m b i c o rt ( b u des o n id e / f orm ot e r ol ) p M D I

1 6 0 / 4 . 5 g / a c t u a t i o n ( 2 a c t u a t i o n s ) wi t hμ

a n d w i t h o u t a s p a ce r , a ) t o t a l s y s t e m ic ex -

p os u r e (n o c ha r c o a l b l oc k ) a n d b ) l u n g e x -

posure (w ith c harc o a l b loc k) ( phar mac ok i-

n e t ic a n a l y s is s e t , l in e a r sc a l e ) . B a r s

repre s en t g eom etric s t an dar d devi atio n.
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b u de so n i d e an d for m ot e ro l w i t h a d e q ua te p re c is io n ; al l an a l y se s w er e

c o n s i d er e d t o b e d e s c ri p ti v e i n n a t u r e. A s s u mi n g a n i n t ra - s u b j ec t

c o e c i en t o f v a ri a t io n o f 3 3% ( b a se d o n t h e va r i ab i l i ty o f A U Cffi fo r

b u de s o n i d e an d A U C a n d C fo r fo r mo ter ol ob se rv e d i n a s im i -

l a r l y d e s i g n e d c ro s s o v e r st u d y i n h e a l t h y a du l t s ) [ ] a n d a n e x p ec t e d1 9

d i er en ce o f 0 , fo rt y f ou r ( 4 4) e v alu ab le su bj ec t s p ro v i de d a t lea st 8 0%ff

p ow er t o sh o w th a t t h e 9 0 % c on d e n c e i n te r v al (C I ) f or t h e t re a t me n tfi

e ec t s f el l e n t ir e l y w i th i n t h e ra n g e 0. 8 1 . 25 , i . e . , ru l ed ou t a 2 0%ff –

c h a n g e ( o n a l og sc a l e) i n ex p o s u r e t o b u de s o n i de a n d fo r mo t er ol . I t

w as c on s id e re d ap pro p r i at e t o b a s e t h e sa m p l e si z e on A U C fo r

b u d es on i d e ra t h er t h an C ( w h ic h h a s h i g h e r v a ri a b il i t y ) b ec a u s e t h e

e e c ts of I CS ar e m or e l ik e l y re l a t ed t o to t al sy s t e mi c e x p o s u r e (i . e . ,ff

A U C ) r a t h er th a n t o a c u t e e x p os u r e ( i . e., C ) . A d d it i o n al su bj e ct s

w e re r an d o mi z ed t o e n sur e th a t at l e as t 4 4 e v a l ua bl e su bj e ct s c o m-

ple t ed the s tu dy.

A t w o- si de d 9 0% C I a pp ro ac h b a se d on a r e pe at e d me a sur e s a n a-

l y s i s o f v a r ia n c e ( A N O V A ) mo d el w a s u s ed t o as s es s t h e pr i ma r y PK

pa ra m et e rs , i n c l ud i n g pe ri o d a n d t re a tm e n t a s xe d e e c t s, an d pa rt i -fi ff

c ip an t as a r a n do m e e c t . A l l P K pa ra m e te r s w e re l o g- t ra n sf or me d pr i orff

t o a n a l y si s. T h e es ti m a te d t re a tm e n t d i e re n c es an d t h e 9 0% C I s o n t h eff

Fig. 2. P l a s m a f o r m o t e r o l c o nc e n t r a t i on -

t im e p r o l e s f ol l ow in g a d m in i st r a t io n offi

S y m b i c o rt ( b u des o n id e / f orm ot e r ol ) p M D I

1 6 0 / 4 . 5 g / a c t u a t i o n ( 2 a c t u a t i o n s ) wi t hμ

a n d w i t h o u t a s p a ce r , a ) t o t a l s y s t e m ic ex -

p os u r e (n o c ha r c o a l b l oc k ) a n d b ) l u n g e x -

posure (w ith c harc o a l b loc k) ( phar mac ok i-

n e t ic a n a l y s is s e t , l in e a r sc a l e ) . B a r s

repre s en t g eom etric s t an dar d devi atio n.

Table 3

S ec on da r y p h a rma c o ki ne t ic p a ra m et ers .

P a r a me t e r , u ni t S ym bi c or t p M D I alo ne

( A ) (N = 49)

Sym b ico r t pM D I + A e r o Ch am be r P lu s F lo w -

Vu ( B ) ( N = 48)

S ym bi cor t p M D I a lo ne

( C ) ( N = 49)

Sy m bic or t p M D I + A e r oC h am b er P l us Fl ow -

V u (D) (N = 48)

—— —— —— ——To ta l sy ste m ic ex p osu re L un g ex pos ure

B u d e so nid e

A U C , h * pg / m L 7 88.2 ( 70.4) 1308 .0 (33.3) 608.4 ( 77.1) 1 253.0 ( 47.0)

t , h 0 . 3 (0.1, 1 .0 ) 0.3 ( 0.1, 1.0) 0.3 ( 0.1, 0.7) 0.3 (0.1, 0 .7 )

t , h 3 . 4 (1.0) 3.7 ( 1.2) 2.9 (0 . 9) 3.3 (1.1)

V / F, L 2 253.0 ( 1469.0) 1308.0 (390.9 ) 2546.0 (1676 .0) 12 84.0 ( 725.8)

C L /F , L/ h 5 03.6 ( 392.4) 258.2 ( 91.9) 660.3 ( 462.5) 29 0.7 ( 222.2)

F or m ot er o l

A U C , h * pg / m L 6 6.5 (2 9.7) 62.2 (2 9.9) 66.8 ( NC) 52.4 ( 24.7)

t , h 0 . 3 (0.1, 8 .0 ) 0.1 ( 0.1, 0.7) 0.1 ( 0.1, 0.7) 0.1 (0.1, 0 .7 )

t , h 5 . 8 (1.5) 6.3 ( 1.5) 5.8 (1 . 7) 5.9 (1.7)

V / F, L 1 096.0 ( 181.2) 1278.0 (276 .3 ) 1601.0 (NA) 1357.0 ( 150.8)

C L /F , L/ h 1 40.1 ( 39.7) 150.3 (42.2) 134.7 ( NC) 176.1 (3 9.5)

D a t a s h ow n a s ge ome t ric me a n (C V % ) ; m e d i a n ( m i n , m a x ) ; a r i t hm e t i c m e a n ( S D) . C o m p a r i so n B v e r s u s A ( r e f e r e nc e ) e v a l u a t e d t h e e e ct o f t h e s p a c e r o n t o t a lff

s y s t e m ic e x p o s u r e ; c o m p a r i s on D v e r s u s C (r e fer e n ce ) e v a lu a t e d t h e e e c t of t h e s p a c e r o n l u n g e x p o s u r e. AU C , a r e a u nd e r t h e p la s m a co n ce nt r a t i o n- t i me cu r v e f r o mff

t i m e z er o e x t r a p o l a t e d t o i n n i t y ; C L / F , a p p a r e n t t o t a l b o d y cl e a r a n c e o f d r u g fr o m p l a s m a a f t e r ex t r a v a s c u la r a d m i n i s t r a t i o n ; C V, c o e c i e n t o f v a r i a t io n; p M D I ,fi ffi

p re s s u r i z ed m e t e r e d- d o s e i nh a l e r ; N C, no t c a lc u l a b l e ; t , ha l f - l i f e a s s o c i a t e d w it h t e r m i n a l s lo p e ( z ) o f a s e m i lo g a r i t h m i c c o nc e n t r a t i o n t i m e c u r v e ; tλ tim e to

r ea c h ma x i m u m o bs e r v e d p l a sm a c o n c e n t r a t i o n ; V / F, a p p a r e nt v o l u m e o f d i st r ib u t i o n d u r i n g t h e t e r m i n a l p ha s e ( e x t r a v a s c u l a r a d m i ni s t r a t i o n ).
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l o g sc al e w e r e b a c k- t ra n s f o r me d t o o b t ai n t h e G r at i os fo r e a ch p ai r

o f t re at m e n t s. T h e l e ast sq ua r e me a n s (a n d 9 5 % C I s) , G ra t io s, an d

9 0 % C I s w er e t ab u l at e d fo r e ac h c o m pa ri so n a n d a n a l y t e (b u de so n i d e

a n d f or m ot e ro l ) .

A n a d di t i on a l A N O V A m od el i n c l u d i n g s e q u e n c e , su b je c t w i th i n

s eq u en ce , p er i od , a n d t r ea t me n t a s x e d e e ct s ( w i th n o ra n d om e f-fi ff

f ec t s) w a s i n c o rpo r at e d i n t h e a n a l y si s.

T h e t r ea t me n t r at i o of ea c h o f t h e t es t for m u l a t io n s ( i . e . , w i t h t h e

s pa c er ) w e re c o mp ar e d w i th th e r e f er e n c e f or m u l a ti o n s ( i . e . , w i t h o u t

t h e s pa ce r ) fo r b ot h bu d eso n i d e and fo rm ot e r ol. In o rd e r to d e t er m ine

t o t al sy st e mi c e x po sur e , st a t is ti c a l a n a l y ses w e r e c on d uc t e d c om pa r in g

t r ea t m en t s w i t h ou t c h ar c oa l , w h e re as t o d et e rm i n e l u n g ex p os u re ,

a n a l y se s w er e c on du c te d c o mp ar i n g tr e at m e n ts w i t h ch a r co a l ( se e

T a b l e 1 ).

A n ad d i ti o n a l an aly si s wa s i n c lud ed p os t da t ab a se l o c k, a sse ssi n g

s ub je c t s s pl i t b y A U C q ua r ti l e d ur i n g n o spa c er t re a t me n t .

S p ac e r: No spa c er r at i os w e re c a l c ul a te d fo r A U C a n d C for e a ch

q ua rt i l e. Q u a rt i l e 1 h a d th e l ow e s t A U C v al u es , in di c a ti v e o f p oo r

i n h a l a ti o n t e c h n iq ue , a n d Q u ar t il e 4 h ad th e h i g h es t A U C v a l u e s ,

i n d i c at i v e of g oo d i n h a l at i on t ec h n i q u e .

2.2. In vitro study

T h e A e ro C h am b er P l u s F l ow - V u s pac e r w a s us ed a ft e r r e m ov i n g

f ro m t h e pa c ka ge , w it h o ut a n y pr e -t r ea t me n t , a c c or d in g t o th e ma n u-

f ac t u r e r' s in s tr u c t i on s . S y m b i c or t ( bu d eso n i d e/ fo rm o te r ol) pMD I 16 0 /

4 . 5 g /a c tu at i o n ( 2 ac t u a t i on s ) w as p r i m ed p r i or t o u s e (a c c or d in g t oμ

t h e pa t i en t i n s tr u c t i on l e a e t ) an d 1 0 w a s t e ac t u a t i on s w e re p r e s s e d ,fl

s i mi l a r to t h e h a n d l i n g o f t h e p M D I s u s ed i n t h e c l i n i c al s tu dy . Th e

S y m b i c o r t pM DI w as sh a ke n b ef or e ea c h o f t h e t w o te st a c t ua ti o n s.

D e l ay t i m es ( i . e. pa u s e p e r io d s a f t er a c t u at i o n ) of 0 s ( i n s t an ta n e ou s) ,

2 s , a n d 5 s w e re app l i ed a f t e r e ac h ac t u a t io n , be f o r e ex t ra c t i on o f th e

d o se fr o m t h e A e r oC h a mb e r Pl u s Flo w -V u s pa ce r . T h e d el i v er e d d ose

f ro m t h e sp a c er w a s c o l l e ct e d on R e s p i r g a rd d i s p o sa b l e l te r s ( V i t a lfi

S i g n s , To t o w a, Ne w J er s e y , U S A ) a t a o w r at e o f 3 0 L / m in . F o r ea c hfl

d e l a y t i me , t h r e e do s e s w er e c ol l e c t ed f ro m e ac h of t h re e x edfi

S y m b i c o r t pM DI / A er oC h a m b er Plus Flo w -V u spa c er co m b in at i on s

( o n e s i n g l e p M D I w as al w ay s c o m b i n ed w i t h t h e sa m e s p a ce r ), re s u l ti n g

i n a t ot a l o f n i n e do se s c o l l ec t e d f or e ac h d e l ay t i m e (o n e do se pe r l te rfi

w as c ol l e c t ed ) . T h e d ose w as th e n r e co v er e d fr om t h e l t er us i n g a nfi

i n t e rn a l s t an d a rd t e c h n i q u e . T h e si m u l t an e o u s q u a n t i c a t io n o f bu de -fi

s on i d e an d fo r mo t er ol w as pe rfo r me d usi n g h ig h -p er fo rm a n c e li qui d

c h r om a t og ra ph y ( H PL C ) w i th a C1 8 -c o l um n ( XT e rr a R P -1 8 3.5 m ,μ

50 × 4 . 6 m m ) a t 2 5 °C w i t h a c et o n it r i l e/ 2 5 m M sod i u m ph o s p h a t e

b u er pH 3.0 + 1 5 m M so d i um o ct a n e sul f on i c a c i d 3 0 /7 0 ( v ol / v ol ) asff

m ob i l e ph a se an d a ow r a t e o f 2 m L / mi n u si n g a d e te c t i on w av e l en g t hfl

of 21 4 n m a n d a r u n t i m e o f 6 m i n . T h e ae ro s o l p a rt i c l e s i z e d is tr i b u t i on

w a s a sse sse d usi n g a N ex t Ge n e ra t io n I m pa ct o r. T h r ee sa m pl e do se s

fr om e a ch of t h re e xe d S y m b ic o rtfi pM DI /A er oC h a m be r Plu s F l ow -

V u spa c e r co m b in at i on s w e r e c ol l e c te d a t a ow r at e o f 3 0 L / mi n an dfl

an al y z ed b y H PL C ass ay us i n g s a m e c on d i t i on s a s a b ov e . L in e a r i n te r -

p o l at i on o f t h e d is c re t e v a l u e s b o rd e ri n g t h e ma s s m ed i a n ae ro s o l

d ia m et e r in a l og -pr o ba b i l i ty p l ot w as us e d fo r d et e rm i n i n g t h e m e di a n

m as s a er od y n a m ic d i a me t e r f ro m i mp ac t o r s t ag e d a t a. Th e b r ea t h i n g

pr o l e ge n e ra t or F- S I G 6 3 00 ( A B F IA , S öd ra S a n d b y , S w e d en ) w as us edfi

t o g e n er a te th e t w o d i e r en t ad u l t b r ea t h i n g pa tt e rn s us ed , ac c or d i n gff

t o Ca n a d ia n S ta n d a rd s A sso c ia t i on Gu i d a n c e Z 26 4 . 1 0 2 [ ] . O n e– 2 0

b re a th i n g p a t te r n ( A d u l t 1 ) u s e d th e f o l l o w i n g p ar a me t er s : t i d al v ol u m e

77 0 m L , f re q u e n c y 1 2/ m i n , i n s p i r at o ry / e xp i ra t or y ( I /E ) r at i o 1: 2 a n d

m in u t e v o l um e 92 4 0 m L . T h e sec o n d pa t te r n ( A d ul t 2 ) use d t id a l v o-

l um e 5 0 0 mL , f re q ue n c y 13 / mi n , I / E ra t io 1:2 a n d m i n ut e v o l um e

62 0 0 m L . T h e p MD I w a s a c tu at e d in to t h e A er oC h a m b er P l us F l ow -V u

spa c e r im m e di a t el y be fo r e th e s ta r t o f t h e i n h a l at i on pa rt of t h e

b re a th i n g c y c l e an d th e d o se w a s co l l e ct e d e x- spa c e r usi n g th e

b re a th i n g pr o l e.fi

3. Results

3.1. Clinical study

3.1.1. Subjects

A to t al of 5 0 h e alt h y s ub je c t s w e re r an do m iz ed a n d r ec e iv e d t h e

s t u d y me d i c at i on ; a l l of w h om w e re in c l u de d in t h e s af et y an d P K

an aly si s s et s. S ub j ec t s' d em o gr ap h ic s a re pr e se n te d in . T w oT a b l e 2

i n di v i d u a l s d i s c on t i n u e d a f t er t h e ir r s t t re a t me n t ( on e s ub je c t fa il edfi

t h e d r u g s of a b u s e t es t on a d m is s i on t o t re a tm e n t p e ri o d 2 a n d t h e ot h e r

sub j ec t w i th d r ew c o n se n t af te r t re a t me n t pe r io d 1 . T h e l a tt e r w a s n ot

d ue t o sa fe ty r ea so n s) ; t h e r em a i n i n g 4 8 s ub je c ts c o mp l et e d t h e st ud y .

3.1.2. Pharmacokinetics

P l as ma c o n c en t r at i o n -t i m e pr o l es fo r b u de s o n i de a n d fo r mo t er o lfi

ar e d e pi ct e d i n , an d t h e se c on da r y pla sm a P K p ar am e t er sFig s. 1 and 2

ar e su m m ar i ze d in . A b s o rp ti o n of b ot h b u d es on i d e a n d fo r-T a b l e 3

m ot e ro l w a s r a p i d fol l o w i n g a dm i n i s t ra t i on o f S ym b i c or t pM DI w ith

an d w i th o u t t h e sp a c e r a n d w i t h ou t or w i t h c h a rc o al ( r e e ct i n g to t alfl

syste m ic and l ung e xp osu re , re spe c tive ly) ( ).Figs . 1 a n d 2

Table 4

B u d es on id e a n d fo rmo t ero l p l a sm a p h a rma c ok in et i c p a ra mete r s in h e a l t hy v o l u nt e er s f ol l ow in g s in gl e - d os e Sy m b ic or t ( b u d e s o n i de / fo r m o t e r o l ) p M D I 1 6 0 / 4 . 5 g /μ

a c t u a t i o n ( 2 a c t u a t i o n s ) w i t h o r w i t h o u t s p a ce r ( A e r o C h a m b e r P lu s F l o w- V u ) f o r t o t a l s y s t e m ic a n d l u ng e x p o s u r e .

P a r a me t e r , u ni t

G e om e t r i c m ea n

( C V% )

Sym b ico r t p M D I

alo ne ( A)

(N = 49)

S ym bic or t

p M D I + A e r oC ha mb e r Pl us

Fl ow - Vu ( B) (N = 48 )

P ai r w i se

c om p ar iso n B v s A

R atio , % [9 0 % C I ]

S ym bic or t p M D I

a lon e (C )

( N = 49)

Sy mb ico r t

p M D I + A e ro C h am b er P lu s

Fl ow -V u ( D ) ( N = 48 )

Pa irwis e co mpariso n

D vs C R at io, %

[90 % C I ]

——————— ——————— ——————— ———————T ot al s yst em ic e xp os u re L un g ex p os ur e

B u d e so nid e

C , p g/ mL 254.8 ( 105.5) 524.9 ( 40.1) [ 1 6 4 .4 ,198.7

240.2 ]

23 1.7 (95 .9 ) 495.4 ( 51.3) [ 186.4,226.5

275.4]

A U C , h* p g/

m L

740.9 ( 84.8) 12 84.0 (3 5.1) [ 144 .1 ,167.9

195.6 ]

52 7.6 (10 3.7) 1212 ( 45.3) [2 00.7,246.0

301.6]

F or m ot er o l

C , p g/ m L 4 . 2 (7 3 . 2 ) 9. 3 ( 5 2 . 1 ) [ 1 8 9 .9 ,223.6

263.3 ]

4.6 (56.7) 9.2 (58 .7) [ 192.6,236.2

289.6]

A U C , h* p g/

m L

19.9 ( 115.6) 34 .6 (60.6) [ 145 .1 ,176.6

215.0 ]

13 .6 (119 .1 ) 32.4 ( 57.7) [ 202.5,272.8

367.4]

C o m p a r i s o n B v e r s u s A ( r e f e r e n c e ) ev a l u a t e d t h e e e c t o f t h e s p a c e r o n t o t a l s ystemi c ex p osure; co mpar ison D v er su s C (re fe rence ) e valuated th e e ect of t h e s p a c e rff ff

o n l u n g e x p os u r e .

A UC , a r e a u nd e r t he p la s m a co n ce nt r a t i o n- t i m e c u r v e fr om t i m e ze r o t o t h e l a st q u a nt i a b le co n ce nt r a t i o n a f t e r d o s i n g ; C I , c o n de nc e i n t e r v a l ; Cfi fi , ob s e r v e d

m a xim u m p lasma co n ce nt r a tio n; CV, co e c ient of vari a tio n ; p MDI, p r essu rize d meter ed-d ose inh aler .ffi
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Fig. 3. E ec t o f t h e A e r o Ch a m b e r P lu sff Flow -Vu s p a c e r o n p la s m a p h a r m a c o k in e t i c p a r a m e t e rs a s de t e r m i ne d b y r a t i o s o f S p a c e r : N o s p a c e r f o r A UC a n d C

o f a ) bu d e s o ni d e a nd b ) fo r m ot e r o l a c co r d i n g t o e x p o s u r e q u a r t i l e (1 4 t h ) * ( p h a r m a c o k i n e t i c a n a ly s i s s e t ). N o ch a r c o a l b l o c k co r r e sp o n d s t o t o t a l sy st e m i c

e x p o s u r e ; c h a r co a l b lo c k c o r re s p o nd s t o l u n g ex p o su r e.

* Da t a we re d i v i d e d i nt o q u a r t i l e s b a s e d o n A U C d u r i n g n o sp a c e r t r e a t m e n t .
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F or b ud e son i d e , m ed i an t o c c u r re d at 2 0 m in po s t -d o s e bo t h w i t h

a n d w it h o u t t h e s p a c er a n d w i t h ou t o r w i t h ch a r c oa l b l oc k . F o r for -

m o t er ol , t h e m ed i an t oc c u r r ed at 2 0 m i n a n d 5 m i n po s t - do s e w it h

a n d w i t h o ut t h e s pa c er , r esp ec t i v el y . Wh e n a d m in is te r ed c on co m it a n t l y

w i th ac t i v at e d c h a rc o al , t h e fo rm ot e ro l m e d ia n t oc c u r r ed a t 5 m i n

( r a n g e : 4 t o 4 0 m in ) p o s t -d os e w i t h o r w i t h ou t t h e s p a c er ( ) .T a b l e 3

B et w e e n -s u b je c t v ar i a bi l i t y ( ) o f b u d es o n i d e an d fo rm o te r olT ab l e 4

w as h i g h an d m or e p ro n ou n c ed i n t r ea t me n t s w i t h out t h e s p ac e r. Fo r

t o t al s y s t em i c e x p os u r e, g e om e t ri c i n t ra -s u b je c t c oe ci e n t o f v a ri a ti o nffi

( C V % ) of A U C ( ), A U CT a b l e 3 , a n d C ra n g ed fr om 70 % t o

1 0 6% f or T re a tm e n t A , a n d 3 3% t o 40 % fo r Tr e at m en t B fo r b ud es o-

n id e , an d 1 16 % an d 7 3% fo r T re a tm e n t A a n d 6 1% a n d 5 2 % fo r

T r ea t m en t B for f or m ot e ro l. S i m i lar l y f or lu n g ex po sur e , g eo m et r ic CV

% o f A U C , A U C , a n d C r an g ed b e tw ee n 7 7% a n d 10 4 % f or

T r ea t m en t C a n d 4 5% t o 51 % fo r T r ea t m en t D fo r bu d eso n i d e, a n d 5 7%

a n d 11 9 % f or Tr e at m e n t C an d 5 8% a n d 5 9% fo r T r ea t me n t D f or

f or m ot e ro l (  ) .T a b l e 4

C o mp ar e d w i t h p M D I a l on e, u se of t h e s p a c er i n c r ea s e d t h e t o t al

s y stem ic ex po sur e o f bud e son id e and fo rm o te r ol. T h us, t he r e lative

b i o av a i l ab i l i ty , as d et e rm i n e d b y A U C an d C w a s 6 8 % an d 9 9 %

h i g h er , r esp ec t i v el y , f or b ud e son i d e , a n d 7 7 % a n d 12 4 % h i g h er , re -

s pe c ti v e ly, f or fo rm ot e ro l (  ) . Si mi la rly, t h e l ung e xp os ur e o fT ab l e 4

b u de so n i d e a n d fo rm o te r ol i n c r ea se d w h e n t h e pM DI w a s a d mi n i st e re d

t h r ou gh th e s pa ce r : t h e re l a t iv e b i oa v a il a b i l it y , as d et e rm i n e d b y

A U C a n d C , i n c re a sed b y 1 46 % an d 1 2 7% , re sp ec t i v ely , f or

b u d es on i d e , a n d b y 1 7 3 % a n d 1 3 6 % , re spe c t iv e ly, f or f or m ot e ro l

( ).Ta b l e 4

A n ad d i t io n a l a n a l y s i s w as pe r f or m ed s e p ar a t in g s ub je c ts i n t o f o u r

gr ou ps ba se d on expo sur e ( AUC ) q u a rt i l e s w i t h p M D I a l o n e ( ).F ig . 3

S u b je c t s i n t h e l o w e s t e x p o s u r e q u a r ti l e ( i n di c a ti v e o f p oo r i n h al a t io n

t ec h n i q u e ) h a d i n c re as ed to t al sy s t e mi c e x p o s u r e of b u d e s on i d e w h e n

S y m bi c o rt p M D I w as ad m i n i s t er e d w i th th e s p ac e r ( a ). I n c on -Fig. 3

t ra s t , f o r su b je c ts i n t h e h i g h es t e x p os u r e q u ar t il e w i t h p MD I al o n e

( in di c a ti v e of go od i n h a l a ti o n t ec h n i q u e ) , t o ta l sy s t em i c an d l u n g e x -

p o s u r e of b u d es on i d e w as si m il a r w i t h an d w it h o u t t h e sp a c er ( a ) .Fig. 3

S i mi la r t re n d s w er e o bs er v ed fo r fo rm ot e ro l ( b ) .F ig . 3

3.1.3. Safety

I n th i s c oh o rt of h e al t h y in d i v i du al s , t h e re w er e n o d e at h s , se ri o u s

A E s , o r A E s l e ad i n g t o di s c o n t in uat i o n of tr e at m en t r e p or t ed . T h i rt y

s u b j ec t s ( 6 0% ) re p o rt e d 1 A E du ri n g th i s s t u d y . A l l A E s w er e m il d to≥

m od e ra t e i n i n t e n s i t y ; t h e mo s t c om m o n b ei n g h e ad a c h e a n d d iz z i n e s s .

N o c l in ic a l l y r el e v an t n di n g s w e re o b s e rv e d i n l a b o ra t or y d at a or v i t alfi

s i g n s .

3.2. In vitro study

T h e st u dy d em on st ra t ed t h a t t h e A e ro Ch a m b er P l u sin vitro F l ow -

Fig. 4. R es u lt s f ro m t h e s t u dy s h ow in g a ) n e p a rt i cl e do s e < 5 m, w it h t h e A ero C ha m ber P l u sin vitro fi μ Flow -Vu s p a c e r a t d i e r e nt de la y t i m e s , i n p e r c e n t a g e offf

l a b el c la i m; b ) d o se wi t h s p a c er a t di ere nt del a y t i mes , in p e rc en t a ge o f la b e l c l a im ; a n d c) d os e w it h s p a c e r (b re a t h i n g p a t t e r n s ) , in p e r ce nt a g e o f la b e l c la i m . A l lff

d a t a p re s e n t e d a s m e a n ± S D .
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V u s pa ce r p er fo rm e d as e x pe ct e d . If t h e do se w a s w i t h dr a w n ( i.e .,

i n h a l e d) f ro m t h e sp a c er a c co r di n g t o i t s i n s tr u c t i on for u se , w i t h ou t

a n y de l a y t i me , th e n e pa rt i c l e d ose ( < 5 m ) w a s v e r y si m i l ar t o t h efi μ

fi n e p ar t i cl e d o s e w i th o u t s p a ce r fo r bo t h a ct i v e su b s t a n c es . T h er e w a s a

d e c re a se i n n e p ar t ic l e do se w it h i n c re a si n g d el a y t i m e ( a ;fi F i g . 4

T a b l e 5) . T h e i mp ac t o r s i z e d di s t r i bu t io n s f or S y m b ic o rt p M D I w i t h

a n d w i t h ou t th e s p ac e r f or b ot h a c ti v e su b s t a n c es w e re v er y si m i l ar

t a ki n g i n t o c o n s i d er at i o n t h e g en e r al de c ay o v e r t i m e ( a + 5 b) . InF i g . 5

a d d it i o n , t h e c u mu l at i v e d i s t r ib u ti o n d at a fo r S y m b i c or t p M D I w i t h

a n d w i t h o u t t h e s pa c er f o r b ot h a c ti v e su b s t a n c e s sh o w e d si mi l a r b e-

h a v i or ( a + 6b ) . T h e d e l iv e re d d o s e s f r om th e s p a ce r d ec r e ase dF i g . 6

f or b o t h b ud e so n id e a n d for m ot e ro l c o m pa re d w i t h t h e d o ses a d -

m i n i st e re d w i t h S y m b i co rt p MD I a l on e . T h e re w as al so a d e c re as e i n

d e l i v er ed do se w it h in cr e asi n g d e l ay t im e ( b ; ) .Fig. 4 T a ble 5

W h e n t h e spa c er w a s u se d w it h s im u l at e d b r ea t h i n g p at t er n s d e -

s i gn e d to r ep re se n t t h ose o f a d ul t s, t h e d ose c o l l ec t e d w as si m il a r fo r

t h e t wo pa tt e r n s us ed wh e n th e pM DI w as ac t ua t ed i m me d i at e l y b e fo re

t h e i n h a l at i on pa rt o f t h e b re at h i n g cy c l e a n d si mi l a r t o d os es w i t h -

d r aw n u s i n g c o n s t a n t o w ( c ; ) . W h en t h e p MD I w a s ac -fl Fig. 4 T a b le 5

t u at e d im m e di a t el y b e fo re t h e ex h a l at i o n pa rt o f th e b r ea t h in g c y c l e,

s l i g h t l y l ow er d os es w e re f o u n d , s im i l a r t o t h e d o s e s w i t h d ra w n w i t h

c o n s t a n t o w af t er a 2 - t o 5 -s e c on d de l a y .fl

4. Discussion

I n th i s c l i n i ca l s t u d y , t h e re l a ti v e t o ta l s y s te m i c a n d l u n g b i oa v ai l -

a b i l i ty o f S y m bi c o rt ( bu d eso n i d e/ fo rm o te r ol) pM DI 16 0 /4 .5 g /a c -μ

t u at i on ( 2 a c tu at i o n s ) w a s i n c re as ed w h e n a d m in i s te r ed t h ro u g h th e

A er oC h a m be r P l us Flow -V u s p ac e r , c om p ar ed w i t h S y m b ic o rt pM DI

a l o n e. In de e d, ad m i n is t ra t io n o f S y m b i co r t p MD I w i th th e sp ac e r in -

c r e as e d t h e to t al sy s t e mi c e x p os u r e ( A U C a n d C ) o f b o th b u-

d e so n i de ( 6 8% a n d 99 % , r es pe c ti v e l y ) an d fo r mo t er o l (7 7 % an d 12 4 %,

r e s p e c t iv e l y ) . F o r ev a l u a t io n o f d e l i v er y of t h e c om p o n en ts t o t h e l u n g ,

t h e c h a r co a l b l oc k m e th o d w as us e d t o i n h i b i t g a s t r oi n t es ti n a l

ab s or p t i on of b u d e s on id e a n d f or mo t er o l . I n t h i s st u d y , t h e p er c en t a g e

i n c re as e i n l u n g ex p o s u re w i th S y m b i c or t pM DI w i t h spa c e r v e rsu s

S y m bi c o rt p M D I al o n e w a s g r ea t er t h a n t h e i n c r ea s e i n to t al sy s t e m ic

ex p os u re ; t h i s i s e x p e c te d si n c e th e w it h - c h ar c oa l c om p a r i s on re e c t sfl

t h e c h a n g e in l u n g de l i v er y w i th u s e of th e sp a c e r d ev i c e . I n t h e

w i t h ou t- c h ar c oa l c om p a r is on ( i . e. , t o ta l sy s t e m ic e xp osu re ) , th e d if -

fe re n c e b e t w e en e x pos ur e w i t h S y mb i c or t pM DI a n d s pace r v e rs us

S y m bi c o rt p M D I al o n e i s a ec t e d b y t h e r ed u c t i on i n o ra l d e p o s i ti o n /ff

ab s or p t i on w i t h t h e sp ac e r d ev i c e, as w el l as t h e i mp ro v em e n t i n l u n g

d ep os i t i on d u e t o i mp ro v ed co o rd i n at i o n of i n h a l at i on . A n in cr e as e in

ex p osu re d ue t o im p ro v ed l un g de l i v er y is th e r ef or e o se t , t o so m eff

d eg re e , b y a re d u c t io n i n g as tr o in t e s t i n al ab s o r p t io n . I n p re v i ou s st u -

d ie s w it h S y m b i co rt p MD I , bu d eso n i d e a n d for m ot e ro l sy s te m i c e x -

p o s u r e ( A U C an d C ) w a s a pp ro x im a t el y do ub l e t h at o b se rv e d

i n t h i s s t u dy , b u t w a s s im i l a r t o t h a t se en fo l l ow i n g a dm i n i s t ra t i on o f

S y m bi c o rt p MD I w i t h th e A er oC h a m be r P l u s Flo w - V u spa c e r

[ , ] . T h is s u g g e s t s t h a t , i n t h e pr es e n t s t u d y , a p ro p o rt i on of su b -1 9 2 1

je c t s h a d p oo r i n h al a t io n t e ch n i q u e, f o r w h o m t h e u se of t h e s pa c er

ov e rc a m e p ro b l em s w i th i n h al a t i on c o or d in at i on , as s h o w n b y t h e 3 4 -

fo ld i n c re a se in e xp osu re t o b ud es oni d e an d for m ot e ro l . H ow ev e r , fo r

t h ose s u b je c ts w h o h a d h i g h ex p osu re w i t h S y m b ic o rt pM DI a l one ( i.e.,

i n di c a t iv e o f g oo d i n h al a t io n t e c hn i q ue ), ex po su re w a s re l at i v e l y un -

c h an g ed b y t h e sp ac e r. S i m i l ar r es ul t s w e r e o b se rv e d in pa t ie n t s t r ea t ed

w i t h b e c l om et a so n e d ip ro pi on at e /f or m ot e ro l ( 1 00 / 6 g ) pM DI pl usμ

A e ro Ch a m b er P l u s [ ] . I n t h a t s t u d y , p at i en t s w i t h p o or i n h a l at i on2 2

t ec h n i q u e e x p e ri e n c ed an i n c re as e i n p e a k p l a s m a c on c e n t ra t i on s w i t h

A e ro Ch a m b er P lus [ ]. Fu rt h e rm o re , in t h e pr es en t st ud y , e x po sur e2 2

w i t h t h e s p a c er i n su b je ct s w h o h ad a h i g h ra t io w i t h : w i t h ou t sp a c e r

( i. e., th o se i n ex p osu re q ua r ti l e s 1 a n d 2) d i d n ot e x c ee d th a t i n su b je ct s

i n th e h i gh e st ex po su re qua rt i l e r eg ar d l es s o f spa c er use . S uc h d at a

d em o n s t ra t e t h at th e i n c r ea s e i n re l a ti v e t o ta l s y s t em i c a n d l u n g bi o a-

v ai l a b il i t y c a u s e d b y t h e sp a c e r d o es n ot r e s u l t i n h i g h er e xp os u re t h a n

i n a s u b j e c t w h o i n h a l e s p r o pe rl y .

T h e use o f t h e A e ro Ch a m b er P l us Flo w -V u sp ac e r in th e pr e se n t

s t u d y d i d n ot i n c r ea s e t h e to t al sy s t e mi c e xp os u r e t o b u d e s on i d e an d

fo rm o te r ol a b ov e w h at h a s b ee n o b ser v e d w i t h S y m b ic o rt p MD I i n

p r e v i o u s s t u d i e s [ , ] . F u r th e r m o r e , ex p o su r e d i d n o t ex c e ed va l u e s1 9 2 1

ob s er v ed w i t h S y m b ic o rt T u rb uh a l e r , a d ev i c e w h i ch do e s n o t r e q u i r e

i n h al a t i on c oo rd i n at i o n l i ke a p MD I, a n d h a s a s i m i l ar w el l - es ta b l i s h e d

sa fe ty pr o l e .fi

T h e sa fe t y re sul t s fr om t h i s st u dy in h ea l t h y v ol u n te e rs w e re c o n -

si st e n t w i th th e w el l - e st ab l i sh e d sa fe ty pr o l e o f S y m b ic o rtfi i n s u bj e ct s

w i t h CO PD o r a s t h m a [ ] . Pl a s m a e x po sur e t o b o t h d r ug s in -1 0 1 4

c re a sed w h e n us in g t h e A e ro C h am b e r Pl us Flow -V u sp ac e r; h o w ev e r ,

t ot a l s y s t em i c ex p o s u r e d i d n ot ex c e ed t h e l e v el s t y p i c a l l y s ee n i n

p r e v i o u s S y m b i c o r t p M D I s t u di e s [ , ] . Fu r t h e rm or e , e x p o s u r e w a s19 2 1

re l a ti v e l y u n c h an g e d i n su bj e ct s w i t h g o od i n h al a t i on t ec h n i q u e, so

t h er e s h ou l d b e n o i n c re a s e d r is k t o p at i en ts w i th C O P D o r a s t h m a

w h e n u si n g t h e s pa ce r i n c om b i n a ti o n w i t h t h e pM D I . S i n g l e d os e s o f

S y m bi c o rt ( b ud e son i d e /f or m ot e ro l ) pM DI 16 0 /4 .5 g/ a ct ua t i on ( 2μ

ac t ua t i on s ) w e re w e l l t o l er a te d w h e n a d m in is te r ed w it h o r w i t h ou t th e

spa c e r, an d w i t h out or w it h ac t i v at e d c h ar c oa l .

T h e s tu d y r esu l t s c on r m t h a t th e A e r oC h a mb e r Pl u sin vitro fi F l ow -

V u s pa ce r pe rf or m s a s e xp ec t e d w h en use d w i t h S y mb i c o rt p M D I . T h e

re d uc t i on i n d e l i ve r ed d o se ob se r v ed w h e n S y m b i c or t p MD I w a s a d -

m in i s te r ed w it h t h e sp a c er c a n b e a tt r i bu t ed t o t h e re t en ti o n o f ma i n l y

c oa rs e p ar t i cl e s i n t h e d ev i c e du e t o pa rt i c l e i mp ac t i on i n t h e v a l ve a n d

c h am b e r, an d se d i me n t at i o n i n t h e c h am b e r. T h e d ec r ea se i n n efi

p a rt i c l e d os e w i t h i n c r ea s e d r esi d e n c e t i me f or t h e ae r oso l i n t h e

c h am b e r c o u l d b e a tt r ib u t ed t o im p ac t i on an d r et e n t i on d u e t o s o me

re m ai n i n g el e c t ro s t a ti c c h a rg e. Th e i n c r ea s e i n n e p a rt i c l e f r ac t i on an dfi

d ec r ea s e i n n e p a r ti c l e do s e w i t h d el a y h a s b e en n ot e d i n an e a rl yfi

p u b l i c a ti o n d e s c r i b i n g p e r f o r m an c e o f th e A e r oC h a m b e r [ ] .2 3

E x p e c t ed d o se d e l iv e ry w a s ob t ai n e d w h e n th e A er oC h a m be r P l u s

Flo w - V u s p ac e r w a s us e d w i t h s i mu l at e d b re at h i n g p a t t er n s de s i g n ed

t o re p r es en t th o s e of a d u l t s , in d i c a ti n g w e l l - co n s t r u c t ed in h a l a t io n a n d

Table 5

R es u lt s f r o m t h e s t u d y s ho wi n g n e p a r t ic l e do s e < 5 m i n p e r c e n t a gein vitro fi μ

o f labe l c laim , n e p arti cle fr a cti on i n p ercentage of d eliver ed d ose to i mpactor ,fi

m ed i a n m a s s a e r o d y n a m i c di a m e t e r a n d do s e i n p e r c e n t a g e o f l a b e l c la i m , a l l

w it h t h e Ae ro C h a m b e r P lu s Flow -Vu s p a ce r a t di ere nt de la y t ime s (N = 9ff

d os e s f or eac h del a y t ime ), a n d d o se w ith s pac er (b reath in g p atte rn s ) in per -

c e n t a g e o f la b e l c l a i m .

P ar a me te r , u nit Fo r m ote r ol B u de son ide

F ine p ar tic le do se < 5 m , me an % (S D )μ

R e f w i t h o u t s p a ce r 5 0 . 0 ( 3 . 3 ) 4 4 . 9 ( 1 . 7 )

0 s dela y 53.3 (2 .6 ) 44.7 ( 3.5)

2 s dela y 42.5 (2 .2 ) 35.2 ( 2.5)

5 s dela y 33.8 (2 .3 ) 28.3 ( 2.9)

F ine p ar tic le fr ac tio n, m e an % ( SD )

R e f w i t h o u t s p a ce r 6 0 . 9 ( 0 . 9 ) 5 3 . 2 ( 1 . 7 )

0 s dela y 81.3 (1 .2 ) 73.6 ( 1.2)

2 s dela y 79.7 (2 .0 ) 72.3 ( 2.0)

5 s dela y 79.9 (1 .1 ) 73.1 ( 0.9)

M e dia n m a ss ae ro dyn am i c di am e te r , mμ

R e f w i t h o u t s p a ce r 3 . 2 5 3 . 5 7

0 s d e la y 3. 1 3 3. 4 0

2 s d e la y 3. 3 0 3. 5 7

5 s d e la y 3. 3 1 3. 5 5

D e l iv er e d d ose , m e a n % ( SD )

R e f w i t h o u t s p a ce r 8 6 . 7 ( 2 . 1 ) 8 9 . 5 ( 2 . 2 )

0 s dela y 58.7 (3 .1 ) 56.0 ( 2.9)

2 s dela y 44.2 (6 .7 ) 41.3 ( 6.3)

5 s dela y 40.3 (8 .5 ) 37.4 ( 7.6)

D e l iver e d d ose w ith sp ac e r (b re at hing p a tte r ns ), m e an % ( SD )

A d ul t 1 6 7 . 3 (6 .5 ) 6 1 . 7 ( 5 . 9 )

A d ul t 2 6 4 . 3 (4 .2 ) 5 8 . 8 ( 4 . 0 )

S D, s tan dard de v iati on . N omi n al do se /l a be l c l a i m is 1 6 0 / 4 . 5 g/ a ct u a t i o n ; aμ  

p a tien t d os e c on s is t s o f t wo ac tuatio n s .
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Fig. 5. I n d i v i d u a l i m p a c t o r s t a ge da t a a t d i er e n t d e l a y t i m e s , in p e r cen t a g e o f l a b e l c la i m f o r a ) b u d e s o n i d e a n d b) f o rmo tero l. A l l d ata a re p res ented a sff

m ean ± 90 % co n den c e i n terval s u s in g th e S tuden t 's t-dis tr ib utio n. M OC , m ic ro-o ri ce c ol l ecto r.fi fi
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e x h a lat i on v alv e s of a ppr op ri a t e ma t er i al n o t ad d i n g t o si gn i c an t d e-fi

p os it i on o f t h e d r u g . S i n c e t h e b re at h i n g p r o l es u s e d w er e a du l t pr o-fi

fi l e s w i th ra t h er l a rg e in h al a t io n v o l um es , a l a rg e p ar t of t h e ae r oso l

w as ex p ec t ed t o b e w i th d r aw n f r om t h e sp ac e r du ri n g t h e i m m ed i at e

i n h a l a ti o n p ar t o f t h e r s t b r e at h i n g c y cl e , th u s l e a di n g t o a v er y s h or tfi

a e ro s o l re s i d e n ce t i m e in t h e s pa ce r w i t h l ow d ep osi t i on l oss es i n s i d e

t h e s p a ce r .

T h e sl i gh t l y l o w e r do se s fo un d w h e n t h e pM DI w as a c t ua te d i m -

m e d ia t e l y b ef or e t h e e xh a l a ti o n p ar t o f t h e b r e at h i n g c y cl e ( s im i l a r to

d o s e s w it h d r aw n w i t h c o n s t an t o w a f t e r a 2- t o 5 -s ec o n d de l a y ) w a sfl

a t t ri b u t e d t o a n in cr e as ed re s i d en c e t i m e i n t h e s p a c e r b ef or e t h e

a e ro s o l w a s w i t h d ra w n b y t h e i n h a l at i on p ar t of th e n ex t b re a t h in g

c y c l e . No o b vi o us m a l fu n c ti o n o f t h e ex h a l at i on v al v e w a s i d e n ti e d ,fi

s i n ce th i s w o ul d h a v e r e s u l te d i n l o w er d o se s .

T h i s s t u d y h a s s om e l i m it a t io n s . F i r s t l y , h e al t h y su b j ec t s w e re u s ed

thro ug hout th e s tu dy. This a ppr oa ch wa s t a ke n to a v oid t he po te ntial

f o r d a y -t o -d a y v a ri a b il i t y i n l u n g d e l iv e r y i n p a t ie n t p op u l a ti o n s d u e t o

t h ei r d i s e as e s t at e t h a t c ou l d a e c t t h e PK d at a a n d e n a bl e d t e s t i n g offf

t h e e e c t of t h e s p ac e r w i t h ou t ot h e r i n t er f e ri n g fa c t or s . H ow e v er , PKff

d at a w i t h t h e S y mb i c or t p M D I i n ad u l t s w i t h C O PD , a n d a d u l t s a n d

c h ild r en wi t h as th m a sh o w ge n e ra lly c o m pa ra b le P K p ro l es ac r os s t h efi

p o p u l a t i on s [ ] . T h e s e c on d l i m i t at i on i s t h e f ac t t h a t t h i s s tu dy on l y2 4

u s e d o n e s p a ce r . T h e n di n g s o f t h i s st u dy m a y t h e re f o re n o t b e un i -fi

v er sa l l y a ppl i c a bl e t o ot h e r spa c er s t h a t h a v e d i er en t ge om e tr y a n dff

ar e c o n st ru ct e d o f d i er e n t m at e ri a ls, si n c e th e se f ac t o rs c an i n u en c eff  fl

d ru g d e l iv e ry . Th e A e r oC h a mb e r Pl u s Flo w -V u spa c e r w as ch o se n a s i t

i s c o m m o n l y us e d a n d w i de l y a v ai l a b l e in th e r eg i o n s w h e re S y m b ic o rt

i s m ar k et e d. Th e t h i rd l i m i ta t i on i s t h e l a ck o f s p ac e r d a t a i n p ed i at r i c s .

Fig. 6. C u mul a tive di str ib u tio n n or mal ized to l a b el c l a im fo r a ) b ud es on id e a n d b ) f orm oter ol . M OC , mic ro -or i c e c ol l ec t or.fi
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This study was conducted to support approval for a COPD indication for

Symbicort pMDI in Europe, so pediatric data were not of concern. In

other regions, Symbicort is approved for asthma patients as young as 6

years of age and in this age range an inspiratory volume to easily empty

a 150 mL spacer would not be of concern.

5. Conclusions

The results observed in this clinical study clearly demonstrate the

bene t of the AeroChamber Plusfi Flow-Vu spacer in terms of addres-

sing poor inhalation technique with Symbicort (budesonide/for-

moterol) pMDI 160/4.5 g/actuation (2 actuations). The use of theμ

spacer improved exposures in these subjects to a similar level as those

with a good inhalation technique without a spacer. The ndings fromfi

the study support the ne particle dose characteristics ofin vitro fi  

Symbicort pMDI with the AeroChamber Plus Flow-Vu spacer.
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