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A b st r a ct:   7 7 
•  B a c k g r o u n d: I mpr o v e d di a g n osti c t o ols f or pr e di cti n g f ut ur e e x a c er b ati o n fr e q u e n c y 7 8 

i n ast h m a ar e r e q uir e d. A s p ut u m g e n e e x pr essi o n si g n atur e of 6 bi o m ar k er s ( 6 G S - 7 9 

i n cl u di n g C L C, C P A 3, D N A S E 1 L 3, A L P L, C X C R 2, I L 1 B ) pre di cts i nfl a m m at or y a n d 8 0 

tr e at m e nt r es p o ns e p h e n ot y p es i n st a bl e ast h m a. W e r e ce ntl y d e m o nstr at e d t h at 8 1 

a zit hr o m y ci n ( A Z M) a d d- o n tr e at m e nt i n u n c o ntr oll e d m o d e r at e-t o-s e v er e a st h m a 8 2 

si g nifi c a ntl y r e d u c e d ast h m a e x a c er b ati o ns ( A M A Z E S cl ini c al tri al). 8 3 

•  O bj e cti v es: T o t est w h et h er t h e 6 G S pr e di cts f ut ur e e x a c er b ati o n a n d i nfl a m m at or y 8 4 

p h e n ot y p es i n a s u b p o p ul ati o n of A M A Z E S. T o t e st t h e i m p a ct of A Z M t h er a p y o n 8 5 

6 G S e x pr essi o n a n d pr o g n osti c c a p a cit y. 8 6 

•  M et h o d s: 1 4 2 p ati e nts ( 7 3 pl a c e b o-tr e at e d, 6 9 A Z M-tr e at e d) h a d s p ut u m st or e d f or 8 7 

q P C R of 6 G S m ar k ers at b as eli n e a n d aft er 4 8 w e e ks of t r e at m e nt. L o gisti c 8 8 

r e gr essi o n, R O C a n d A U C w er e p erf or m e d o n b as eli n e m e as ur es, a n d i n a n 8 9 

e x pl or at or y a n al ysis t h e pr e di cti v e v al u e of 6 G S w as c o m p ar e d wit h c o n v e nti o n al 9 0 

bi o m ar k ers f or e x a c er b ati o n a n d i nfl a m m at or y p h e n ot y p e s.  9 1 

•  R es ults: T h e 6 G S si g nifi c a ntl y pr e di ct e d all f ut ur e e x a c er b ati o n p h e n ot y p e s t est e d. 9 2 

C al c ul at e d A U C s f or 6 G S w er e si g nifi c a ntl y hi g h er t h a n A U C s f or p eri p h er al bl o o d 9 3 

e osi n o p hil c o u nts, s p ut u m n e utr o p hil c o u nts a n d c o m bi n e d s p ut u m e osi n o p hils a n d 9 4 

n e utr o p hil c o u nts.  6 G S A U C s w er e als o w er e n u m eri c all y, b ut n ot si g nifi c a ntl y, 9 5 

hi g h er t h a n F e N O a n d s p ut u m e osi n o p hil c o u nts. A Z M tr e at m e nt n eit h er alt er e d t h e 9 6 

6 G S e x pr essi o n n or t h e pr e di cti v e c a p a cit y of t h e 6 G S f or f ut ur e e x a c er b ati o n 9 7 

p h e n ot y p es. T h e 6 G S w a s a si g nifi c a nt pr e di ct or of air w a y i nfl a m m at or y p h e n ot y p e 9 8 

i n t his p o p ul ati o n. 9 9 

•  C o n cl u si o n: W e d e m o nstr at e t h at a s p ut u m g e n e si g n at ur e c a n pr e di ct f ut ur e 1 0 0 

e x a c er b ati o n p h e n ot y p es of ast h m a, wit h gr e at est bi o m a r k er p erf or m a n c e i n 1 0 1 

i d e ntif yi n g t h os e w h o w o ul d e x p eri e n c e fr e q u e nt s e v ere  e x a c er b ati o ns. A Z M t h er a p y 1 0 2 



A C C E P T E D M A N U S C RI P T

 5

di d n ot m o dif y 6 G S e x pr essi o n or bi o m ar k er p erf or m a n c e , s u g g esti n g t h e t h er a p e uti c 1 0 3 

a cti o n of A Z M is i n d e p e n d e nt of 6 G S-r el at e d i nfl a m m at or y p at h w a ys. 1 0 4 

 1 0 5 

K e y M ess a g es  1 0 6 

•  S p ut u m g e n e si g n at ur es m a y off er a s u p eri or m e a ns t o pr e di ct f ut ur e e x a c er b ati o ns of 1 0 7 

a st h m a c o m p ar e d t o c o n v e nti o n al bi o m ar k ers. 1 0 8 

•  O ur d at a s u g g est a t h er a p e uti c m e c h a nis m of A Z M w hi c h is i n d e p e n d e nt of 1 0 9 

infl a m m at or y f a ct ors ass o ci at e d wit h t h e 6 G S ( air w a y e os i n o p hili a, n e utr o p hili a, m ast 1 1 0 

c ells).  1 1 1 

 1 1 2 

C a p s ul e S u m m a r y: 1 1 3 

I n t his A M A Z E S R C T s u b- a n al ysis, t h e s p ut u m 6 G S pr e di cts e x a c er b ati o n a n d air w a y 1 1 4 

i nfl a m m at or y p h e n ot y p e of u n c o ntr oll e d, m o d er at e-t o-s ev er e ast h m a. A zit hr o m y ci n a p p e ars 1 1 5 

t o e x ert a t h er a p e uti c eff e ct i n d e p e n d e ntl y of 6 G S-r elat e d air w a y i nfl a m m at or y f a ct ors. 1 1 6 

 1 1 7 

K e y w o r d s: As th m a, s p ut u m, bi o m ar k er, i nfl a m m ati o n, e x a c er b ati o n, m a cr oli d e, 1 1 8 

a zit hr o m y ci n, e osi n o p hil, g e n e si g n at ur e, cli ni c al tri al 1 1 9 

 1 2 0 

A b b r e vi ati o n s: 1 2 1 

6 G S  6 g e n e si g n at ur e 1 2 2 

A C Q  Ast h m a c o ntr ol q u esti o n n air e- 6 1 2 3 

A L P L  Al k a li n e P h os p h at as e, li v er/ b o n e/ ki d n e y 1 2 4 

A U C  Ar e a u n d er c ur v e 1 2 5 

A Z M  A z it hr o m y ci n 1 2 6 
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C P A 3 C a rb o x y p e pti d as e 3 1 2 8 

C X C R 2 C- X- C m otif c h e m o ki n e r e c e pt or 21 2 9 

D N A S E 1 L 3 D e o x y ri b o n u cl e as e 1 li k e 3 1 3 0 

E A E osi n o p hi li c ast h m a 1 3 1 

F E N O  Fr a c ti o n al e x h al e d nitri c o xi d e 1 3 2 

I C S  I n h ale d c orti c ost er oi d 1 3 3 

I L 1 B  I nt erl e u ki n- 1β  1 3 4 

M G A  Mi x e d gr a n ul o c yti c ast h m a 1 3 5 

N A N e utr o p hili c ast h m a 1 3 6 

N E A  N o n- e os i n o p hili c ast h m a 1 3 7 

N N A  N o n- n e ut r o p hili c ast h m a 1 3 8 

N P G A  N o n- p a u c i gr a n ul o c yti c a st h m a 1 3 9 

O C S Or al  c orti c ost er oi d 1 4 0 

P B E P eri p h er al bl o o d e osi n o p hil 1 4 1 

P G A P a u c igr a n ul o c yti c ast h m a 1 4 2 

R C T R a n d o mi z e d c o ntr oll e d tri al 1 4 3 

R O C R e c e i v er o p er ati n g c h ar a ct eristi c 1 4 4 

1 4 5 

1 4 6 
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I nt r o d u cti o n 1 4 7 

 1 4 8 

Ast h m a is a c hr o ni c r es pir at or y dis e as e c h ar a ct eri z e d b y  v ari a bl e or r e v ersi bl e airfl o w 1 4 9 

o bstr u cti o n, oft e n f e at uri n g air w a y i nfl a m m ati o n. A n al ysis of i n d u c e d s p ut u m, t hr o u g h 1 5 0 

q u a ntifi c ati o n of r el ati v e a b u n d a n c e of e osi n o p hils a n d n e utr o p hils, all o ws cl assifi c ati o n of 1 5 1 

ast h m a i nt o i nfl a m m at or y p h e n ot y p es 1- 3 . Air w a y i nfl a m m o m etr y c a n h el p g ui d e t h e c h oi c e of 1 5 2 

c o n v e nti o n al a n d e m er gi n g tr e at m e nts f or ast h m a p ati e nt s 4, 5 . E osi n o p hili c air w a y 1 5 3 

i nfl a m m ati o n, i n c o ntr ast t o n e utr o p hili c i nfl a m m ati o n, is c orti c ost er oi d s e nsiti v e, a n d 1 5 4 

t ail ori n g of i n h al e d c orti c ost er oi d (I C S) t h er a p y g ui d ed b y s p ut u m e osi n o p hil q u a ntifi c ati o n 1 5 5 

s h o w e d gr e at er b e n efit i n cli ni c al tri als c o m p ar e d t o c o n v e nti o n al m a n a g e m e nt 6- 8 .  1 5 6 

 1 5 7 

S p ut u m i n d u cti o n, pr o c essi n g a n d a n al ysis is t e c h ni c al l y d e m a n di n g a n d t h er ef or e li mit e d t o 1 5 8 

s p e ci alist cli ni c al r es e ar c h l a b or at ori es. T h us, r e c e nt  r es e ar c h h as c e nt er e d o n i d e ntifi c ati o n 1 5 9 

of bi o m ar k ers of air w a y i nfl a m m ati o n w hi c h c a n b e e asi l y a c c ess e d a n d m e as ur e d. P eri p h er al 1 6 0 

bl o o d e osi n o p hils ( P B E) a n d fr a cti o n al e x h al e d nitri c  o xi d e ( F E N O) h a v e d e m o nstr at e d s o m e 1 6 1 

v al u e as bi o m ar k ers f or s el e cti o n of p ati e nts r es p o n si v e t o n o v el bi ol o gi c al t h er a pi es 1 6 2 

t ar g eti n g t y p e- 2 i nfl a m m ati o n4 , b ut at b est s h o w m o d est c orr el ati o n wit h air w a y 1 6 3 

i nfl a m m at or y p h e n ot y p e a n d h a v e n ot pr o v e d a c c ur at e i n pre di cti n g r es p o nsi v e n ess t o 1 6 4 

c orti c ost er oi ds. T h er ef or e i m pr o v e d bi o m ar k ers ar e n e e d e d. 1 6 5 

 1 6 6 

R e c e nt tr a ns cri pt o mi c a n d pr ot e o mi c st u di es h a v e e xt e n d e d t h e ass ess m e nt of s p ut u m 1 6 7 

i nfl a m m ati o n9- 1 2 . W e pr e vi o usl y r e p ort e d a s p ut u m g e n e e x pr essi o n si g n at ur e c o m pris e d of 6 1 6 8 

tr a ns cri pts (C L C , C P A 3, D N A S E 1 L 3, A L P L, C X C R 2, I L 1 B) w hi c h disti n g uis h e d air w a y 1 6 9 

i nfl a m m at or y p h e n ot y p e s of ast h m a wit h hi g h s p e cifi city a n d s e nsiti vit y 1 3 . C L C , CP A 3  a n d 1 7 0 

D N A S E 1 L 3  e x pr essi o n ar e i n cr e as e d i n e osi n o p hili c ast h m a. A L P L , CX C R 2 a n d I L 1 B ar e 1 7 1 
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i n cr e as e d i n n e utr o p hili c ast h m a a n d m ar k i n n at e i nfla m m at or y si g n ali n g p at h w a ys r el ati n g 1 7 2 

t o T N Fα , C X C L 1 a n d I L- 1β  r es p e cti v el y. T his 6 g e n e si g n at ur e ( 6 G S) als o pr e di cts 1 7 3 

r es p o nsi v e n ess t o i n h al e d 1 3  a n d or al c orti c ost er oi ds ( O C S)1 4 , w hi c h s u p pr ess C L C , CP A 3 a n d  1 7 4 

D N A S E 1 L 3 e x pr essi o n. T h e d e v el o p m e nt of s p ut u m g e n e si g n at ur es m a y i n cr e as e t h e 1 7 5 

f e asi bilit y of us e of s p ut u m- b as e d m e as ur es i n t h e clini c, as t h e s a m pl e pr o c essi n g ( R N A 1 7 6 

e xtr a cti o n, c D N A s y nt h e sis, q P C R) c a n b e a ut o m at e d, a n d t h e m ar k ers h a v e hi g h s p e cifi cit y.  1 7 7 

 1 7 8 

W e r e c e ntl y p u blis h e d fi n di n gs fr o m a cli ni c al tri al ( A M A Z E S) w hi c h d e m o nstr at e d t h at 1 7 9 

tr e at m e nt of m o d er at e-t o-s e v er e, u n c o ntr oll e d ast h m a wit h t h e m a cr oli d e A Z M r e d u c e d 1 8 0 

e x a c er b ati o n fr e q u e n c y a n d i m pr o v e d q u alit y of lif e o v er  a 4 8- w e e k p eri o d1 5 . I n t his st u d y, 1 8 1 

n o n e of t h e i nfl a m m at or y or cli ni c al f e at ur es e x a mi n e d a t b as eli n e i d e ntifi e d a n A Z M-1 8 2 

r es p o nsi v e s u b p o p ul ati o n. T h e m e c h a nis m of a cti o n w h ere b y A Z M r e d u c es ast h m a 1 8 3 

e x a c er b ati o ns r e m ai ns u n cl e ar, a n d c o ul d b e r el at e d t o i ts a nti-i nfl a m m at or y, a nti- b a ct eri al or 1 8 4 

a nti- vir al pr o p erti es.  1 8 5 

 1 8 6 

I n t h e pr es e nt st u d y, w e e v al u at e t h e a bilit y of t h e s p ut u m 6 G S t o pr e di ct ast h m a 1 8 7 

e x a c er b ati o n fr e q u e n c y a n d t o diff er e nti at e air w a y i nfl a m m at or y p h e n ot y p e i n a 1 8 8 

s u b p o p ul ati o n of t h e A M A Z E S tri al. T h e eff e ct of A Z M tr e at m e nt o n 6 G S e x pr essi o n a n d 1 8 9 

pr o g n osti c p ot e nti al w as t est e d. T h e pr o g n osti c p ot e nti al of t h e 6 G S w as c o m p ar e d t o s p ut u m 1 9 0 

c ell c o u nt, P B E a n d F E N O.  W e h y p ot h esi z e d t h at t h e 6 G S  w o ul d pr o vi d e s u p eri or 1 9 1 

pr e di cti o n of e x a c er b ati o n a n d i nfl a m m at or y p h e n ot y p e c o m p ar e d t o ot h er bi o m ar k ers.  1 9 2 

  1 9 3 
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M et h o d s 1 9 4 

T h e A M A Z E S st u d y 1 5  w as a d o u bl e- bli n d pl a c e b o- c o ntr oll e d tri al w h er e 4 2 0 a d ults wit h 1 9 5  

p ersist e nt s y m pt o m ati c a st h m a d es pit e c urr e nt us e of I C S a n d l o n g- a cti n g br o n c h o dil at or 1 9 6 

w er e r a n d o mi z e d t o r e c ei v e A Z M 5 0 0 m g 3 ti m es p er w e e k or i d e nti c al pl a c e b o f or 4 8 w e e ks 1 9 7 

( O nli n e R e p osit or y). I n d u c e d s p ut u m w as c oll e ct e d pri or to r a n d o mi z ati o n a n d at 4 8 w e e ks. 1 9 8 

Ast h m a e x a c er b ati o ns w er e r e c or d e d as t h e pri m ar y st u d y  o utc o m e 1 5 . T h e tri al w as a p pr o v e d 1 9 9  

b y i nstit uti o n al et hi cs c o m mitt e es. All p ati e nts pr o vi d e d w ritt e n i nf or m e d c o ns e nt. 2 0 0 

2 0 1 

Cli ni c al m et h o d s 2 0 2 

W e p erf or m e d t h e pr es e nt a n al ysis o n a s u bs et of A M A Z E S  st u d y p arti ci p a nts1 5  w h o w er e 2 0 3  

i n cl u d e d if s p ut u m w as a v ail a bl e f or diff er e nti al c ell co u nt a n d q P C R a n al ysis fr o m b ot h t h e 2 0 4 

b as eli n e a n d 4 8- w e e k visits. S p ut u m i n d u cti o n a n d a n al y sis w as p erf or m e d usi n g o ur 2 0 5 

pr e vi o usl y d es cri b e d m et h o ds (s e e O nli n e R e p osit or y). I nf l a m m at or y p h e n ot y p es w er e 2 0 6 

d efi n e d as f oll o ws: e osi n o p hili c ast h m a ( E A, s p ut u m e osi n o p hils ≥  3 %7 ); n e utr o p hili c ast h m a 2 0 7  

( N A, s p ut u m n e utr o p hils ≥  6 1 %1 ); mi x e d gr a n ul o c yti c ast h m a ( M G A, s p ut u m n e utr o p hils ≥  2 0 8  

6 1 % a n d e osi n o p hils ≥  3 %); p a u ci gr a n ul o c yti c ast h m a ( P G A, s p ut u m n e utr o p hils < 6 1 % a n d 2 0 9 

e osi n o p hils < 3 %). I n t h e A M A Z E S tri al e x a c er b ati o n o c c ur r e n c e a n d t y p e (s e v er e or 2 1 0 

m o d er at e) w er e d et er mi n e d b y str u ct ur e d i nt er vi e w. D e ci si o ns r e g ar di n g tr e at m e nt of tri al 2 1 1 

p arti ci p a nts d uri n g e x a c er b ati o n w er e d et er mi n e d b y t h e t r e ati n g p h ysi ci a n s, a n d w er e n ot 2 1 2 

p art of t h e tri al. S e v er e e x a c er b ati o ns w er e d efi n e d as a  w ors e ni n g of ast h m a s y m pt o ms 2 1 3 

r e q uiri n g ≥ 3 d a ys of s yst e mi c c orti c ost er oi d tr e at m e nt ≥ 1 0 m g/ d a y, or a n a st h m a-s p e cifi c 2 1 4 

h os pit ali z ati o n or e m er g e n c y d e p art m e nt visit r e q uiri n g s yst e mi c c orti c ost er oi ds. M o d er at e 2 1 5 

e x a c er b ati o ns w er e d efi n e d as a n y t e m p or ar y i n cr e as e i n I C S or a nti bi oti cs i n c o nj u n cti o n 2 1 6 

wit h a d et eri or ati o n i n ast h m a s y m pt o ms or b ot h ( c h a n g e i n A C Q 6 of at l e ast 0. 5 or i n cr e as e d 2 1 7 
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 1 0

di ar y s y m pt o m s c or e), or a n y i n cr e as e i n β 2  a g o nist us e f or at l e ast 2 d a ys, or a n e m er g e n c y 2 1 8 

d e p art m e nt visit n ot r e q uiri n g s yst e mi c c orti c ost er oi ds . 2 1 9 

 2 2 0 

G e n e e x p r essi o n a n al ysis 2 2 1 

S p ut u m g e n e e x pr essi o n of C L C , C P A 3 , D N A S E 1 L 3 , A L P L , C X C R 2, I L 1 B  w as q u a ntifi e d as 2 2 2 

pr e vi o usl y d es cri b e d 9  (s e e O nli n e R e p osit or y). St atisti c al a n al ysis of di a g n o sti c a bilit y w as 2 2 3 

p erf or m e d o n t h e c h a n g e i n c y cl e t hr es h ol d ( ∆ Ct ) b et w e e n t h e t ar g et g e n e a n d h o us e k e e pi n g 2 2 4 

β - a cti n. F or r el ati v e g e n e e x pr essi o n l e v els, d at a w er e l o g tr a nsf or m e d ( 2 -∆ C t). 2 2 5 

 2 2 6 

St atisti c al a n al ysis 2 2 7 

T h e ris k of b ei n g a n e x a c er b at or, as o p p os e d t o a n o n- e x a c er b at or, w as m o d ell e d b y l o gisti c 2 2 8 

r e gr essi o n ( S T A T A 1 3, St at a C or p, C oll e g e St ati o n, T e x as, U S A) usi n g si n gl e ( u ni v ari at e) or 2 2 9 

a c o m bi n ati o n of m ar k er s ( m ulti pl e l o gisti c r e gr es si o n). S e v er al alt er n ati v e bi n ar y d efi niti o ns 2 3 0 

of e x a c er b at or st at us w er e us e d f or t h e d e p e n d e nt v ari a bl e a c c or di n g t o b ot h t h e fr e q u e n c y 2 3 1 

a n d t h e s e v erit y of e x a c er b ati o ns. T h es e i n cl u d e d o n e  or m or e vs n o n e ( a n y e x a c er b ati o ns) 2 3 2 

a n d t w o or m or e vs o n e or n o n e (fr e q u e nt e x a c er b ati o ns) , w h er e e x a c er b ati o ns i n cl u d e d all 2 3 3 

e x a c er b ati o ns (t ot al m o d er at e a n d s e v er e) or w er e li mi t e d t o s e v er e e x a c er b ati o ns1 5 . T o 2 3 4 

e x a mi n e t h e p ot e nti al eff e ct of A Z M tr e at m e nt o n t h e r e l ati o ns hi p b et w e e n 6 G S a n d f ut ur e 2 3 5 

e x a c er b ati o n, e a c h m o d el w as a dj ust e d f or A Z M tr e at m e nt  a n d c o n d u ct e d wit h a n d wit h o ut 2 3 6 

i nt er a cti o n t er ms f or tr e at m e nt a n d t h e i n di vi d u al g e n e e x pr essi o n. T h e m o d els wit h a n d 2 3 7 

wit h o ut t h e i nt er a cti o n t er ms w er e t h e n c o m p ar e d usi n g a  l o g li k eli h o o d r ati o t est a n d, if n o n-2 3 8 

si g nifi c a nt, p > 0. 0 5, t h e m o d els wit h n o i nt er a cti o n t e r ms w er e us e d. 2 3 9 

F or e a c h e x a c er b at or st at us o ut c o m e a n d pr e di ct or s et, e a c h m e m b er of t h e st u d y p o p ul ati o n 2 4 0 

w as assi g n e d a pr e di ct e d v al u e f or t h e 6 G S w hi c h w as g e n er at e d b y i n p ut of t h e 6 g e n es as 2 4 1 

i n di vi d u al v ari a bl es i n a m ulti pl e l o gisti c m o d el a c cor di n g t o e x a c er b at or st at us o ut c o m e. 2 4 2 
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Si m il arl y, e a c h m e m b er of t h e st u d y p o p ul ati o n w as as s ig n e d a pr e di ct e d v al u e f or t h e ot h er 2 4 3 

bi o m ar k ers t est e d b y t h e l o gisti c m o d el a dj ust e d f or A Z M  tr e at m e nt. 2 4 4 

R e c ei v er O p er ati n g C h ar a ct eristi c ( R O C) c ur v es w er e g e n er at e d of t h e 6 G S a n d ot h er 2 4 5 

bi o m ar k er pr e di ct e d v al u es b y e x a c er b at or ( o ut c o m e) st a t us f or e a c h e x a c er b ati o n m o d el. 2 4 6 

Ar e a u n d er t h e c ur v e ( A U C) w as esti m at e d f or e a c h m o d el a s a n i n di c at or of t h e pr e di cti v e 2 4 7 

a c c ur a c y of t h at m o d el.   2 4 8 

I n a n e x pl or at or y a n al ysi s, R O C c ur v es f or t h e 6 G S w ere  c o m p ar e d wit h tr a diti o n al 2 4 9 

bi o m ar k er R O C c ur v es i n cl u di n g s p ut u m e osi n o p hil %, P B E  a n d F E N O. T h e pr e di cti v e 2 5 0 

c a p a cit y of t h e 6 G S ( wit h a n d wit h o ut a dj ust m e nt f or pri or  hist or y of O C S us e) a n d pri or 2 5 1 

hist or y of O C S us e al o n e f or s e v er e e x a c er b ati o ns w er e als o c o m p ar e d. Si g nifi c a n c e w as 2 5 2 

a c c e pt e d w h e n p < 0. 0 5. 2 5 3 

Si mil ar l o gisti c or m ulti pl e l o gisti c r e gr essi o n wit h R O C  c ur v e a n al ysis w a s p erf or m e d t o t est 2 5 4 

t h e a bilit y of t h e 6 G S, P B E a n d F E N O t o pr e di ct air w a y infl a m m at or y p h e n ot y p e at b as eli n e.  2 5 5 

F or a n al ysis of q P C R d at a, M a n n- W hit n e y w as us e d f or c o m p aris o n b et w e e n i nfl a m m at or y 2 5 6 

s u bt y p es a n d c o m p aris o n at visit 1 0 b et w e e n tr e at m e nts . For c o m p aris o n of b as eli n e t o visit 2 5 7 

1 0 d at a wit hi n e a c h tr e at m e nt gr o u p Wil c o x o n p air e d t es t w as p erf or m e d.  2 5 8 

2 5 9 
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R es ults 2 6 0 

S u bj e ct C h a r a ct e risti cs 2 6 1 

M ost p ati e nts w er e cl assifi e d as GI N A st e p 4 ( 8 5. 9 %) a n d 4 8. 6 % as h a vi n g s e v er e ast h m a 2 6 2 

( E R S/ A T S g ui d eli n es)1 6  a n d all h a d p ersist e nt s y m pt o m ati c ( A C Q 6 ≥  0. 7 5) as t h m a d es pit e 2 6 3 

o n g oi n g tr e at m e nt 1 5 . M aj or cli ni c al a n d i nfl a m m at or y c h ar a ct eristi cs w er e si mil ar b et w e e n 2 6 4 

p arti ci p a nts r a n d o mi z e d t o t h e pl a c e b o a n d A Z M ar ms of t h e tri al, i n cl u di n g a g e, g e n d er, 2 6 5 

ast h m a c o ntr ol, ast h m a s e v erit y, s pir o m etr y a n d s yst e mi c a n d air w a y i nfl a m m at or y m e as ur es 2 6 6 

(t a bl e I). Of n ot e, t h e pri m ar y o ut c o m e of r e d u c e d e x a c er b ati o ns i n A Z M-tr e at e d p ati e nts 2 6 7 

pr e vi o usl y r e p ort e d i n t h e w h ol e A M A Z E S c o h ort w as r e c a pit ul at e d i n t his s u b p o p ul ati o n 2 6 8 

(t a bl e I).  2 6 9 

2 7 0  

T h e 6 G S is si g nifi c a ntl y ass o ci at e d wit h f ut u r e e x a c e r b ati o n s, i n d e p e n d e ntl y of A Z M 2 7 1 

t r e at m e nt st at u s 2 7 2 

W e first e x a mi n e d t h e r el ati o ns hi p b et w e e n 6 G S m e as ur e m e nt at b as eli n e a n d e x a c er b ati o ns 2 7 3 

s u bs e q u e ntl y r e c or d e d d uri n g t h e 4 8- w e e k A M A Z E S tri al ( m o d er at e a n d s e v er e or s e v er e 2 7 4 

o nl y). T h er e w as n o si g nifi c a nt i nt er a cti o n b et w e e n A Z M tr e at m e nt a n d t h e r el ati o ns hi p 2 7 5 

b et w e e n 6 G S a n d f ut ur e e x a c er b ati o ns a n d n o si g nifi c a nt diff er e n c e b et w e e n t h e m o d els wit h 2 7 6 

or wit h o ut i nt er a cti o n t er ms. A si g nifi c a nt ass o ci ati o n w as o bs er v e d b et w e e n t h e c o m bi n e d 2 7 7 

6 G S c o m p o n e nts a n d f ut ur e m o d er at e a n d s e v er e e x a c er b ati o ns ( m o d el P = 0. 0 3 6) a n d f ut ur e 2 7 8 

fr e q u e nt s e v er e e x a c er b ati o ns ( m o d el P = 0. 0 2 2).  2 7 9 

2 8 0  

T h e 6 G S o ut p e rf o r ms t r a diti o n al bi o m a r k e rs a s a p r o g n osti c t est f o r f ut u r e 2 8 1 

e x a c e r b ati o n p h e n ot y p es 2 8 2 

I n a s eri es of e x pl or at or y a n al ys es, w e p erf or m e d l o gisti c r e gr essi o n wit h R O C a n al ysis usi n g 2 8 3 

t h e 6 G S, s p ut u m e osi n o p hils a n d/ or n e utr o p hils, P B E a n d F E N O q u a ntifi e d at b as eli n e t o 2 8 4 
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e v al u at e t h eir r el ati v e pr o g n osti c v al u e f or v ari o u s e x a c er b ati o n p h e n ot y p e s b as e d o n 2 8 5 

e x a c er b ati o ns r e c or d e d d uri n g t h e tri al p eri o d. As t h er e w as n o i nt er a cti o n b et w e e n A Z M 2 8 6 

tr e at m e nt a n d t h e ass o ci ati o n of 6 G S wit h f ut ur e e x a c er b ati o ns, w e c o m bi n e d pl a c e b o a n d 2 8 7 

A Z M-tr e at e d p ati e nts i n o ur i niti al a n al ysis. 2 8 8 

2 8 9  

S p ut u m e osi n o p hils, s p ut u m n e utr o p hils, P B E a n d F E N O di d n ot pr o vi d e st atisti c all y 2 9 0 

si g nifi c a nt dis cri mi n at or y c a p a cit y f or t h os e p ati e nts t h at e x p eri e n c e d at l e ast o n e s e v er e 2 9 1 

e x a c er b ati o n ( e x a c er b at ors) d uri n g t h e tri al fr o m t h os e t h at e x p eri e n c e d n o n e ( n o n-2 9 2 

e x a c er b at ors) (fi g ur e 1 A a n d t a bl e II). I n c o ntr ast t h e s p ut u m 6 G S pr o vi d e d m o d est b ut 2 9 3 

si g nifi c a nt pr e di cti o n of s e v er e e x a c er b at ors vs n o n- e x a c er b at ors ( A U C = 6 8. 1 %, P < 0. 0 0 0 1) 2 9 4 

(t a bl e II a n d s u p pl e m e nt al t a bl e E 1).  2 9 5 

2 9 6  

S p ut u m e osi n o p hils, e osi n o p hils a n d n e utr o p hils c o m bi n e d a n d t h e 6 G S pr o vi d e d si g nifi c a nt 2 9 7 

dis cri mi n at or y c a p a cit y of p ati e nts w h o e x p eri e n c e d fr e q u e nt ( ≥  2) vs infr e q u e nt ( < 2) s e v er e 2 9 8 

e x a c er b ati o ns ( 6 G S A U C = 7 6. 1 %, P < 0. 0 0 0 1; s p ut u m e osi n o p hil A U C = 7 0. 3 %, P = 0. 0 0 2; 2 9 9 

s p ut u m e osi n o p hils a n d n e utr o p hils A U C = 6 8. 4 %, P = 0. 0 1 2) (fi g ur e 1 B a n d t a bl e II). I n t h e 3 0 0 

s u bs et of p ati e nts w h er e F E N O w as m e as ur e d, b ot h 6 G S a n d F E N O pr o vi d e d si g nifi c a nt 3 0 1 

pr o g n osti c c a p a cit y ( 6 G S A U C = 8 3. 7 %, P < 0. 0 0 0 1; F E N O A U C = 7 5. 6 %, P < 0. 0 0 0 1). Of 3 0 2 

all bi o m ar k ers e x a mi n e d, t h e s p ut u m 6 G S g a v e t h e hi g h est A U C v al u es a n d si g nifi c a ntl y 3 0 3 

o ut p erf or m e d s p ut u m n e utr o p hils, e osi n o p hils a n d n e utr o p hils c o m bi n e d a n d P B E i n 3 0 4 

pr e di cti n g t h e fr e q u e nt s e v er e e x a c er b ati o n p h e n ot y p e (t a bl e II a n d s u p pl e m e nt al t a bl e E 2).  3 0 5 

3 0 6  

I n t h e A M A Z E S st u d y m o d er at e e x a c er b ati o ns w er e als o q u a ntifi e d 1 5 . W e p erf or m e d l o gisti c 3 0 7 

r e gr essi o n a n al ysis c o m p ari n g e x a c er b at or vs n o n- e x a c er b at or a n d fr e q u e nt vs i nfr e q u e nt 3 0 8 

e x a c er b at or p h e n ot y p es f or t ot al (s u m of m o d er at e a n d s e v er e) e x a c er b ati o n s. T h e 6 G S a n d 3 0 9 
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s p ut u m  e osi n o p hils a n d/ or n e utr o p hils si g nifi c a ntl y pr e di ct e d e x a c er b at ors vs n o n-3 1 0 

e x a c er b at ors (t ot al) ( 6 G S A U C = 6 9. 6 %, P < 0. 0 0 0 1; e osi n o p hi ls A U C = 6 3 %, P = 0. 0 0 8; 3 1 1 

n e utr o p hils A U C = 6 3. 3 %, P = 0. 0 0 5; e osi n o p hils a n d n e utr o p hils A U C = 6 4. 2 %, P = 0. 0 0 3) 3 1 2 

(fi g ur e 1 C, t a bl e II, s u p pl e m e nt al t a bl e E 3). I n t hi s a n al ysis 6 G S st atisti c all y o ut p erf or m e d 3 1 3 

s p ut u m n e utr o p hils a n d P B E. T h e 6 G S a n d s p ut u m e osi n o p hils  a n d/ or n e utr o p hils 3 1 4 

si g nifi c a ntl y dis cri mi n at e d fr e q u e nt ( ≥  2) tot al e x a c er b at ors fr o m i nfr e q u e nt e x a c er b at ors 3 1 5 

( 6 G S A U C = 6 6. 4 %, P = 0. 0 0 1; e osi n o p hils A U C = 6 0. 6 %, P = 0. 0 3 4; n e utr o p hils A U C = 3 1 6 

6 0. 8 %, P = 0. 0 2 9; e osi n o p hils a n d n e utr o p hils A U C = 6 2. 1 %, P =  0. 0 1 6) (fi g ur e 1 D, t a bl e II, 3 1 7 

s u p pl e m e nt al t a bl e E 4), a n d t h e 6 G S si g nifi c a ntl y o ut p er f or m e d P B E. 3 1 8 

3 1 9 

Hist or y of O C S us e f or t h e 1 2- m o nt h p eri o d pri or t o t h e s t u d y b as eli n e visit w as r e c or d e d. 3 2 0 

Pri or O C S hist or y al o n e c o ul d si g nifi c a ntl y pr e di ct t h e f ut ur e s e v er e e x a c er b ati o n fr e q u e n c y 3 2 1 

wit h a si mil ar A U C t o t h e 6 G S ( Pri or O C S us e A U C = 7 6. 5 %, p < 0. 0 0 0 1) . W h e n 6 G S w as 3 2 2 

e v al u at e d a n d t h e d at a a dj ust e d f or pri or O C S hist or y, t h e  hi g h est A U C f or pr e di cti n g t h e 3 2 3 

s e v er e e x a c er b ati o n p h e n ot y p e w as a c hi e v e d ( 6 G S a dj u st e d f or pri or O C S us e A U C = 7 9. 8 %, 3 2 4 

p < 0. 0 0 0 1) (fi g ur e 1 E).  3 2 5 

3 2 6 

A Z M t r e at m e nt d o es n ot alt e r 6 G S e x p r essi o n n o r p r e di ct i o n of f ut u r e e x a c e r b ati o n 3 2 7 

st at u s 3 2 8 

W e e v al u at e d t h e eff e ct of 4 8 w e e ks A Z M tr e at m e nt o n 6 G S t r a ns cri pt e x pr essi o n. At visit 3 2 9 

1 0 ( 4 8 w e e ks of tr e at m e nt), t h er e w as n o si g nifi c a nt diff er e n c e i n 6 G S e x pr essi o n b et w e e n 3 3 0 

pl a c e b o a n d A Z M tr e at m e nt gr o u ps (fi g ur e 2, A- F). C X C R 2  m R N A w as si g nifi c a ntl y 3 3 1 

i n cr e as e d at visit 1 0 vs b as eli n e visits i n b ot h pl a c e b o an d A Z M-tr e at e d p ati e nts (fi g ur e 2, E). 3 3 2 

I n a f urt h er e x pl or at or y s u b- a n al ysis, w e e x a mi n e d bi o ma r k er p erf or m a n c e f or t h e v ari o us 3 3 3 

e x a c er b at or p h e n ot y p es, a n al y zi n g pl a c e b o- a n d A Z M-tr e a t e d gr o u ps s e p ar at el y. Of n ot e, 3 3 4 
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6 G S r et ai n e d st atisti c all y si g nifi c a nt pr e di cti v e c a p a cit y f or all e x a c er b ati o n p h e n ot y p es 3 3 5 

e x a mi n e d i n b ot h pl a c e b o a n d A Z M-tr e at e d gr o u ps, wit h t h e e x c e pti o n of pr e di cti o n of 3 3 6 

fr e q u e nt e x a c er b at ors (t ot al) i n t h e A Z M-tr e at e d p ati e nts ( A U C = 6 2. 7 %, P = 0. 0 9 7) (fi g ur e 3 3 7 

2, G-J, s u p pl e m e nt al t a bl es E 5- 9). Ot h er bi o m ar k ers di d n ot pr o vi d e si g nifi c a nt pr e di cti v e 3 3 8 

c a p a cit y f or a n y e x a c er b at or p h e n ot y p e i n eit h er pl a c e b o or A Z M-tr e at e d gr o u ps, wit h t h e 3 3 9 

e x c e pti o n of s p ut u m e osi n o p hils f or pr e di cti n g fr e q u e nt s e v er e e x a c er b at or s i n t h e pl a c e b o 3 4 0 

gr o u p ( A U C = 7 0. 1 %, P = 0. 0 0 4) (s u p pl e m e nt al t a bl e E 5).  3 4 1 

3 4 2  

6 G S p r e di cts ai r w a y i nfl a m m at o r y p h e n ot y p e i n a p o p ul ati o n wit h u n c o nt r oll e d 3 4 3 

m o d e r at e-t o-s e v e r e ast h m a 3 4 4 

Air w a y e x pr essi o n of C L C , CP A 3 a n d  D N A S E 1 L 3 w er e si g nifi c a ntl y el e v at e d i n e osi n o p hili c 3 4 5 

( E A; ≥  3 % s p ut u m e osi n o p hils) vs n o n- e osi n o p hili c ( N E A; <  3 % sp ut u m e osi n o p hils) 3 4 6 

ast h m a, w hilst I L 1 B w as l o w er i n E A (fi g ur e 3 A). C X C R 2  a n d A L P L  e x pr essi o n di d n ot 3 4 7 

diff er b et w e e n E A a n d N E A. I L 1 B, C X C R 2  a n d A L P L  w er e si g nifi c a ntl y el e v at e d i n 3 4 8 

n e utr o p hili c ( N A) vs n o n- n e utr o p hili c ( N N A) ast h m a, w hilst e x pr essi o n of C L C , C P A 3  a n d 3 4 9 

D N A S E 1 L 3  s h o w e d n o si g nifi c a nt diff er e n c es b et w e e n t h es e gr o u ps (fi g ur e 3 B).  3 5 0 

3 5 1  

W e t est e d w h et h er t h e 6 G S m e as ur e d at b as eli n e c o ul d pr e di ct air w a y i nfl a m m at or y 3 5 2 

p h e n ot y p e, usi n g m ulti pl e l o gisti c r e gr essi o n a n d R O C c ur v e a n al ysis. I n all a n al ys es, t h e 3 5 3 

s p ut u m 6 G S dis cri mi n at e d air w a y i nfl a m m at or y p h e n ot y p es t o a st atisti c all y si g nifi c a nt 3 5 4 

e xt e nt ( E A vs N E A: A U C = 7 6. 8 %, P < 0. 0 0 0 1; E A vs N A: A U C = 9 2. 9 %, P < 0. 0 0 0 1; E A 3 5 5 

vs P G A: A U C = 7 6. 4 %, P < 0. 0 0 0 1; N A vs N N A: A U C = 8 9. 5 %, P < 0. 0 0 0 1; N A vs P G A: 3 5 6 

A U C = 8 8. 0 %, P < 0. 0 0 0 1; P G A vs N P G A: A U C = 7 4. 0 %, P < 0. 0 0 0 1) (t a bl e III). W e als o 3 5 7 

e x a mi n e d t w o est a blis h e d bi o m ar k ers of t y p e 2/ e osi n o p hili c i nfl a m m ati o n i n ast h m a, P B E 3 5 8 

a n d F E N O, a n d c o m p ar e d t h eir p erf or m a n c e wit h t h e 6 G S i n disti n g uis hi n g s p ut u m 3 5 9 
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i nfla m m at or y p h e n ot y p e s. B ot h P B E a n d F E N O dis cri mi n a te d E A vs N E A, E A vs N A a n d 3 6 0 

E A vs P G A t o a st atisti c all y si g nifi c a nt e xt e nt (s u p pl e m e nt al t a bl e E 1 0). H o w e v er, t h e 6 G S 3 6 1 

si g nifi c a ntl y o ut p erf or m e d P B E (fi g ur e 3 C) a n d F E N O (fi g ur e 3 D) as a di a g n osti c t est f or 3 6 2 

pr e di cti n g E A vs N A. 3 6 3 

3 6 4 
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Dis c u ssi o n 3 6 5 

I n t his st u d y, w e d e m o nstr at e t h at t h e s p ut u m 6 G S c a n pr e di ct f ut ur e e x a c er b ati o n p h e n ot y p e 3 6 6 

i n a c o h ort of p ati e nts wit h u n c o ntr oll e d, m o d er at e-t o-s e v er e ast h m a. F urt h er m or e w e fi n d 3 6 7 

t h at A Z M di d n ot alt er 6 G S e x pr essi o n r el ati v e t o pl a c e b o, a n d t h at t h e 6 G S r et ai ns its 3 6 8 

pr o g n osti c utilit y e v e n i n p ati e nts w h o m w er e tr e at e d wit h A Z M a d d- o n t h er a p y, w hi c h 3 6 9 

r e d u c e d o v er all r at e of e x a c er b ati o ns c o m p ar e d t o t h e pl a c e b o tr e at m e nt. T h e s p ut u m 6 G S 3 7 0 

h a d st atisti c all y b ett er pr e di cti v e c a p a cit y f or f ut ur e fr e q u e nt s e v er e e x a c er b ati o ns t h a n P B E, 3 7 1 

s p ut u m n e utr o p hils a n d c o m bi n e d s p ut u m e osi n o p hil a n d n e utr o p hil c o u nt. N u m eri c all y, b ut 3 7 2 

n ot st atisti c all y, s u p eri or A U C v al u es w er e als o o b s er v e d f or 6 G S c o m p ar e d t o s p ut u m 3 7 3 

e osi n o p hils a n d F E N O i n t h e pr e di cti o n of f ut ur e e x a c er b ati o n p h e n ot y p es. 3 7 4 

3 7 5  

S p ut u m 6 G S p r e di cts f ut u r e e x a c e r b ati o n s m o r e eff e cti v el y t h a n c o n v e nti o n al 3 7 6 

bi o m a r k e rs 3 7 7 

D e v el o p m e nt of bi o m ar k ers t h at c a n i d e ntif y ast h m a p ati e nts m ost li k el y t o e x p eri e n c e 3 7 8 

fr e q u e nt e x a c er b ati o ns w o ul d b e us ef ul t o t ar g et tr e at m e nt f or t his at-ris k p o p ul ati o n. At 3 7 9 

pr es e nt t h e b est i n di c at or of f ut ur e e x a c er b ati o n pr o b a bilit y is p ast e x a c er b ati o n fr e q u e n c y 1 7,3 8 0 

1 8 , h o w e v er t his d o es n ot assist i n s el e cti n g tr e at m e nt o pti o ns. P ati e nts wit h el e v at e d 3 8 1 

e os i n o p hili c or t y p e 2 i nfl a m m at or y bi o m ar k ers i n cl u di n g sp ut u m e osi n o p hils, P B E a n d 3 8 2 

F E N O e x p eri e n c e m or e fr e q u e nt s e v er e e x a c er b ati o ns 1 9- 2 2 . I n t h e pr es e nt st u d y, usi n g R O C 3 8 3  

a n al ysis t o e v al u at e bi o m ar k er p ot e nti al, w e d e m o nstr at e t h at t h e s p ut u m 6 G S c a n 3 8 4 

dis cri mi n at e f ut ur e e x a c er b at ors fr o m n o n- e x a c er b at ors a n d fr e q u e nt fr o m n o n-fr e q u e nt 3 8 5 

e x a c er b at ors, w h e n eit h er s e v er e e x a c er b ati o ns or t ot al  e x a c er b ati o ns w er e m o d el e d. I n all 3 8 6 

b ut o n e R O C a n al ys es p erf or m e d, t h e s p ut u m 6 G S g e n er at e d hi g h er A U C v al u es t h a n 3 8 7 

c o n v e nti o n al bi o m ar k ers. P erf or m a n c e of c o n v e nti o n al bi o m a r k ers w as i n c o nsist e nt, a n d i n 3 8 8 

e x pl or at or y c o m p ar ati v e a n al ysis t h e 6 G S fr e q u e ntl y st a tisti c all y o ut p erf or m e d s p ut u m 3 8 9 
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n e utr o p hils a n d P B E. T h e s p ut u m 6 G S m at c h e d p ast c o urs es of O C S as a pr e di ct or of 3 9 0 

fr e q u e nt s e v er e e x a c er b ati o ns o v er t h e f oll o wi n g 4 8 w e e ks. T h e a bilit y of t h e 6 G S t o i d e ntif y 3 9 1 

p ati e nts w h o w o ul d g o o n t o e x p eri e n c e fr e q u e nt s e v er e e x a c er b ati o ns w as f urt h er e n h a n c e d 3 9 2 

w h e n w e a dj ust e d f or pri or O C S c o urs es, gi vi n g a n A U C v al u e of 8 0 %, w hi c h c orr es p o n ds t o 3 9 3 

a g o o d p erf or m a n c e as a pr o g n osti c t o ol. T o o ur k n o wl e d g e t his is t h e b est s u c h s c or e 3 9 4 

r e p ort e d f or t h e i d e ntifi c ati o n of p ati e nts w h o w o ul d g o o n t o e x p eri e n c e fr e q u e nt s e v er e 3 9 5 

e x a c er b ati o ns o v er t h e f oll o wi n g y e ar. Of n ot e, t h e 6 G S w as i niti all y d e v el o p e d as a n 3 9 6 

i nfl a m m at or y p h e n ot y pi n g t o ol1 3 , t h us w hilst t h es e r es ults d e m o nstr at e t h e pr o mis e of s p ut u m 3 9 7 

g e n e si g n at ur es t o i d e ntif y p ati e nts m ost at ris k of e x a c er b ati o n, i m pr o v e d bi o m ar k er 3 9 8 

p erf or m a n c e m a y b e a c hi e v e d i n t h e f ut ur e t hr o u g h f urt h er g e n e si g n at ur e o pti mi z ati o n. 3 9 9 

4 0 0  

W h y mi g ht t h e s p ut u m 6 G S o ut p erf or m c o n v e nti o n al i nfl a m m at or y bi o m ar k ers as a 4 0 1 

pr o g n osti c t o ol i n t his i nst a n c e ? O n e p ossi bilit y is t h at t h e 6 G S r e p orts o n m ulti pl e 4 0 2 

i nfl a m m at or y v ari a bl es t h at i m p a ct o n ast h m a e x a c er b ati o n fr e q u e n c y, as o p p os e d t o a si n gl e 4 0 3 

v ari a bl e i n is ol ati o n. F or e x a m pl e, alt h o u g h s p ut u m n e utr o p hil c o u nt i n t his st u d y w as a p o or 4 0 4 

pr o g n osti c m ar k er f or f ut ur e e x a c er b ati o n st at us, hi g h s p ut u m n e utr o p hil c o u nt h as b e e n 4 0 5 

li n k e d t o m or e s e v er e f or ms of ast h m a i n cl ust er a n al ysis, ass o ci at e d wit h hi g h er h e alt h c ar e 4 0 6 

b ur d e n a n d h os pit ali z ati o n, p arti c ul arl y w h e n a c c o m p a ni e d b y el e v at e d s p ut u m e osi n o p hils 2 3 . 4 0 7 

C o m bi n at ori al us e of bi o m ar k ers r e p orti n g o n disti n ct dis e as e e n d ot y p es or m ar k ers c o ul d 4 0 8 

i m pr o v e pr o g n osti c p ot e nti al. I n a gr e e m e nt wit h t his h y p ot h esis, c o m bi n at ori al us e of t y p e 2-4 0 9 

r el at e d bi o m ar k ers F E N O, P B E a n d s er u m p eri osti n i m pr o v es pr e di cti o n of e x a c er b ati o n ris k 4 1 0 

w h e n c o m p ar e d t o e a c h v ari a bl e i n is ol ati o n 2 4 . T h e i n di vi d u al g e n e m ar k ers wit hi n t h e 6 G S 4 1 1 

c o m bi n e i nf or m ati o n a b o ut t h e e osi n o p hili c a n d n e utr o p hili c i nfl a m m at or y st at us of t h e 4 1 2 

air w a ys. H o w e v er, i n o ur st u d y c o m bi n at ori al us e of s p ut u m e osi n o p hil a n d n e utr o p hil 4 1 3 

pr o p orti o ns pr o vi d e d littl e or n o i m pr o v e m e nt c o m p ar e d t o e a c h v ari a bl e i n is ol ati o n.  4 1 4 
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T h e 6 G S m a y pr o vi d e i nf or m ati o n r el ati n g t o air w a y i nfl a m m at or y st at us b e y o n d m er el y 4 1 5 

r el ati n g t o t h e c ell ul ar c o m p ositi o n of t h e s p ut u m s a m pl e. W e h a v e s h o w n pr e vi o usl y t h at 4 1 6 

air w a y I L 1 B ex pr essi o n i s el e v at e d i n fr e q u e nt e x a c er b at ors i n b ot h C O P D a n d ast h m a 2 5, 2 6 . It 4 1 7 

is als o p ossi bl e t h at t h e 6 G S i m pr o v es o n s p ut u m e osi n o p hil a n d n e utr o p hil c o u nt i n 4 1 8 

pr o g n osti c t ests b e c a us e it r efl e cts c ell ul ar i nfl a m m ati o n or pr o c ess es n ot r e p ort e d i n 4 1 9 

c o n v e nti o n al s p ut u m a n al ysis. C P A 3  e n c o d es a c ar b o x y p e pti d as e e x pr ess e d e x cl usi v el y i n 4 2 0 

m ast c ells i n h u m a ns 1 1, 2 7, 2 8 . O ur a n d ot h ers’ s p ut u m tr a ns cri pt o mi c a n al ys e s i d e ntifi e d a 4 2 1 

n u m b er of m ast c ell-r el at e d g e n es t h at w er e u pr e g ul at e d i n e osi n o p hili c ast h m a 9,  1 0, 1 1 . A 4 2 2 

r e c e nt st u d y r e p ort e d fl o w c yt o m etr y- b as e d q u a ntifi c ati o n of s p ut u m m ast c ells a n d 4 2 3 

d e m o nstr at e d p ositi v e c orr el ati o n wit h s p ut u m e osi n o p hil c o u nt 2 9 . Of t h e 6 G S g e n es, C P A 3 4 2 4 

a n d C L C  w er e t h e m ost eff e cti v e at pr e di cti n g t h e fr e q u e nt s e v er e e x a c er b at or p h e n ot y p e 4 2 5 

(s u p pl e m e nt al t a bl e E 2). C L C  ma y b e e x pr ess e d i n b ot h e osi n o p hils a n d b as o p hils, w hi c h ar e 4 2 6 

c orr el at e d i n s p ut u m s a m pl es 2 9, 3 0 . T h us, t h e p ot e nti al of t h e s p ut u m 6 G S t o pr o vi d e 4 2 7 

i nf or m ati o n r el ati n g t o m ast c ell a n d b as o p hil-r el at e d i nfl a m m ati o n i n a d diti o n t o e osi n o p hils 4 2 8 

a n d n e utr o p hils m a y e x pl ai n its s u p eri or p erf or m a n c e as a pr e di ct or of e x a c er b ati o n 4 2 9 

p h e n ot y p e.  4 3 0 

4 3 1  

A Z M a d d- o n t r e at m e nt d o es n ot m o dif y s p ut u m 6 G S e x p r essi o n o r p r o g n osti c c a p a cit y 4 3 2 

d es pit e si g nifi c a ntl y r e d u ci n g e x a c e r b ati o n r at e.  4 3 3 

I n t h e pri m ar y a n al ysis of t h e A M A Z E S tri al, w e d e m o nstr at e d t h at A Z M a d d- o n t h er a p y i n 4 3 4 

u n c o ntr oll e d m o d er at e-t o-s e v er e ast h m a r e d u c e d a st h m a e x a c er b ati o ns b y a p pr o xi m at el y 4 3 5 

4 0 % a n d i m pr o v e d ast h m a r el at e d q u alit y of lif e s c or es 1 5 . I n o ur i niti al a n al ysis w e w er e 4 3 6 

u n a bl e t o i d e ntif y ast h m a r el at e d v ari a bl es ( cli ni c al, i nfl a m m at or y or mi cr o bi ol o gi c al) t h at 4 3 7 

pr e di ct e d A Z M r es p o ns e 1 5 . A Z M tr e at m e nt di d n ot alt er m ost s yst e mi c a n d air w a y 4 3 8 

i nfl a m m at or y v ari a bl es m e as ur e d, wit h t h e e x c e pti o n b ei n g a si g nifi c a nt r e d u cti o n i n t h e 4 3 9 
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a bs ol ut e n u m b er ( b ut n ot pr o p orti o n) of s p ut u m e osi n o p hils. M a cr oli d es i n cl u di n g A Z M 4 4 0 

e x ert a nti- b a ct eri al, a nti- vir al a n d a nti-i nfl a m m at or y eff e cts, all of w hi c h c o ul d e x pl ai n t h e 4 4 1 

r e d u cti o n i n ast h m a e x a c er b ati o ns o bs er v e d 3 1, 3 2 . O ur pr es e nt a n al ysis c o n cl u d es t h at A Z M 4 4 2 

a d d- o n tr e at m e nt di d n ot si g nifi c a ntl y aff e ct e x pr e ssi o n of t h e s p ut u m 6 G S g e n es. H o w e v er, 4 4 3 

t h e l a c k of eff e ct of A Z M o n s p ut u m 6 G S e x pr essi o n is i n a gr e e m e nt wit h t h e pri or a n al ysis 4 4 4 

t h at A Z M di d n ot aff e ct s p ut u m or s yst e mi c i nfl a m m at or y bi o m ar k ers. C o nsist e nt wit h t his, 4 4 5 

w e als o f o u n d t h at t h e s p ut u m 6 G S c o ul d si g nifi c a ntl y pr e di ct f ut ur e e x a c er b ati o n 4 4 6 

p h e n ot y p es i n m ost a n al ys es c o n d u ct e d i n A Z M-tr e at e d p ati e nts, d es pit e t h e f a ct t h at 4 4 7 

e x a c er b ati o n r at e w as si g nifi c a ntl y r e d u c e d b y A Z M tr e at m e nt. T h e i m pli c ati o ns of o ur 4 4 8 

fi n di n gs ar e t h at t h e m e c h a nis m of a cti o n w h er e b y A Z M tr e at m e nt r e d u c e s e x a c er b ati o n r at e 4 4 9 

is dis cr et e fr o m t h e i nfl a m m at or y p at h w a ys r efl e ct e d b y t h e s p ut u m 6 G S, i n cl u di n g s p ut u m 4 5 0 

e osi n o p hils, n e utr o p hils a n d m ast c ells.  4 5 1 

4 5 2  

S p ut u m 6 G S is a u s ef ul t o ol f o r dis c ri mi n ati n g ast h m a i nfl a m m at o r y p h e n ot y p es i n 4 5 3 

m o d e r at e-t o-s e v e r e ast h m a 4 5 4 

T h e fi n di n gs of t h e pr es e nt st u d y f urt h er c o ns oli d at e a n d br o a d e n t h e p ot e nti al us e of 6 G S as 4 5 5 

a n i nfl a m m at or y p h e n ot y pi n g t o ol i n ast h m a. H er e w e d e m o nstr at e f or t h e first ti m e t h at t h e 4 5 6 

6 G S is eff e cti v e as a di a g n osti c pr e di ct or of i nfl a m m at or y p h e n ot y p e i n a c o h ort of p ati e nts 4 5 7 

wit h u n c o ntr oll e d m o d er at e-t o-s e v er e ast h m a. T h es e r es ults a d d t o o ur pri or w or k ass essi n g 4 5 8 

t h e utilit y of t h e s p ut u m 6 G S i n st a bl e, mil d-t o- m o d er at e ast h m a1 3  a n d as a pr e di ct or of 4 5 9 

p ositi v e r es p o ns e t o I C S a n d O C S 1 3, 1 4 . T h us, w e est a blis h t h at t h e s p ut u m 6 G S pr o vi d es 4 6 0 

e x c ell e nt air w a y i nfl a m m at or y p h e n ot y pi n g c a p a cit y a cr oss all ast h m a s e v eriti es. 4 6 1 

T his st u d y d o es h a v e li mit ati o ns. T his w as a s e c o n d ar y a n al ysis of o ur pr e vi o usl y p u blis h e d 4 6 2 

A M A Z E S R C T 1 5 . O ur c o m p ar ati v e a n al ysis of bi o m ar k ers w as e x pl or at or y, a n d f urt h er 4 6 3 

v ali d ati o n of t h e 6 G S as a pr o g n osti c t o ol f or f ut ur e e x a c er b ati o n p h e n ot y p es w o ul d r e q uir e 4 6 4 
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pr os p e cti v e r e cr uit m e nt of p ati e nts i n a st u d y d esi g n e d t o a d dr ess t his s p e cifi c q u esti o n. 4 6 5 

N ot a bl y, d u e t o t h e r e q uir e m e nt of s uffi ci e nt s p ut u m s a m pl e t o all o w R N A is ol ati o n a n d 4 6 6 

q P C R a n al ysis f or o ur pr es e nt st u d y, o nl y t h os e p ati e nts t h at pr o d u c e d s uffi ci e nt s p ut u m w er e 4 6 7 

i n cl u d e d, a n d t his c o ul d b e a s o ur c e of bi ol o gi c al bi as. I n t his s u b- p o p ul ati o n of t h e 4 6 8 

A M A Z E S R C T, F E N O d at a w as n ot a v ail a bl e f or all p ati e nts, a n d t h us o ur a n al ysis of F E N O 4 6 9 

as a pr o g n osti c t o ol, a n d c o m p aris o ns of its p erf or m a n c e wit h t h e s p ut u m 6 G S, ar e li k el y 4 7 0 

u n d er p o w er e d a n d t h us n ot d efi niti v e. W e c a n n ot e x cl u d e t h at i nt e gr ati o n of g e n e si g n at ur es 4 7 1 

wit h c ell c o u nts c o ul d pr o vi d e s u p eri or p erf or m a n c e b y b ett er r efl e cti n g t h e a cti v ati o n st at us 4 7 2 

of k e y i m m u n e p at h w a ys, a n d t his s h o ul d b e e x pl or e d i n f ut ur e st u di es. 4 7 3 

4 7 4  

I n c o n cl usi o n, t h e s p ut u m 6 G S c a n pr e di ct f ut ur e e x a c er b ati o n p h e n ot y p e i n m o d er at e-t o-4 7 5 

s e v er e ast h m a, d e m o nstr ati n g t h e pr o g n osti c p ot e nti al of g e n e si g n at ur es. W e als o c o n cl u d e 4 7 6 

t h at A Z M e x erts a t h er a p e uti c m e c h a nis m i n d e p e n d e nt of t h e i nfl a m m at or y f a ct ors r e p ort e d 4 7 7 

b y t h e s p ut u m 6 G S, a n d t h at t h e 6 G S m a y still r et ai n us e i n i d e ntif yi n g a s u bs et of p ati e nts 4 7 8 

w h o m a y e x p eri e n c e fr e q u e nt s e v er e e x a c er b ati o ns d es pit e A Z M t h er a p y. 4 7 9 

4 8 0  

4 8 1 
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A c k n o wl e d g e m e nts:  4 8 2 

T his st u d y w as f u n d e d b y t h e N ati o n al H e alt h a n d M e di c al R es e ar c h C o u n cil of A ustr ali a 4 8 3 

( N H M R C pr oj e ct i d e ntifi ers 5 6 9 2 4 6, 1 0 5 8 5 5 2 a n d 1 0 7 8 5 7 9), t h e N H M R C C e ntr e of 4 8 4 

R es e ar c h E x c ell e n c e i n S e v er e Ast h m a, a n d t h e J o h n H u nt er H os pit al C h arit a bl e Tr ust. T h e 4 8 5 

a ut h ors w o ul d li k e t o a c k n o wl e d g e t e c h ni c al assist a n c e fr o m H e at h er M a c d o n al d, Bri d g ett e 4 8 6 

Ri d e w o o d, K elli e F a k es, Mi c h ell e Gl e es o n, Eri n H ar v e y, C at h eri n e D el a h u nt y, G a bri ell e 4 8 7 

L e Br o c q, t h e A M A Z E S st u d y p arti ci p a nts, cli ni c al r es e ar c h off ers a n d l a b or at or y t e c h ni ci a ns. 4 8 8 
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T a bl es  4 8 9 

T a bl e I. S u bj e ct C h a r a ct e risti cs 4 9 0 
4 9 1 

All  Pl a c e b o Gr o u p  A zit hr o m y ci n Gr o u p  

N  1 4 2  7 3  6 9  

A g e Ω  6 0. 6 2 ( 4 9. 7 9, 6 9. 1 4)  6 0. 0 1 ( 4 8. 7 8, 6 7. 8 0)  6 2. 2 1 ( 5 3. 2 1, 6 9. 1 9)  

S e x M/ F  6 5/ 7 7  3 3/ 4 0  3 2/ 3 7  

At o p y ¥  1 1 0 / 1 3 9 ( 7 9. 1 %)  5 7/ 7 0 ( 8 1. 4 %)  5 3/ 6 9 ( 7 6. 8 %)  

E x -s m o k er ¥  5 0 ( 3 5. 2 %)  2 6 ( 3 5. 6 %)  2 4 ( 3 4. 8 %)  

P a c k y e ars Ω  9. 1 5 ( 1. 3 0, 2 4. 0)  9. 2 ( 1. 4, 2 5. 0)  9. 1 5 ( 1. 3, 2 2. 0)  

A C Q s c or e Ω  1. 5 8 ( 1. 0, 2. 1 7)  1. 6 7 ( 1. 1 7, 2. 3 3)  1. 3 3 ( 1. 0, 2. 1 7)  

GI N A st e p 4 ¥  1 2 0 ( 84. 5 %)  6 1 ( 8 3. 6 %)  5 9 ( 85. 5 %)  

S e v er e ast h m a ¥  6 9 (4 8. 6 %)  3 4 (4 6. 6 %)  3 5 ( 50. 7 %)  

Pr e -b 2 F E V 1 % 
Ψ 7 3. 8 5 ( 1 8. 8 4)  7 3. 2 3 ( 1 8. 9 3)  7 4. 5 2 ( 1 8. 8 5)  

Pr e -b 2 F V C %  Ψ  8 4. 0 7 ( 1 4. 6 2 )  8 2. 7 0 ( 1 4. 5 7)  8 5. 5 5 ( 1 4. 6 4)  

Pr e -b 2 F E V 1 / F V C %  Ψ 6 7. 7 3 ( 1 1. 1 9)  6 8. 1 5 ( 1 0. 9 2)  6 7. 2 8 ( 1 1. 5 4)  

I C S d o s e ( B D P m c g/ d a y) Ω  1 0 0 0 ( 8 0 0, 2 0 0 0)  1 0 0 0 ( 8 0 0, 2 0 0 0)  1 2 8 0  ( 8 0 0, 2 0 0 0) 

F E N O p p b Ω  2 5. 8 0 ( 1 5. 5 8, 4 7. 4 5 )  
( n = 6 8) 

3 1. 6 5 ( 1 8. 3 0, 5 3. 0)  
( n = 3 4) 

2 1. 0 3 ( 1 4. 3 0, 3 4. 7 0)  
( n = 3 4) 

Bl o o d e o si n o p hils ( x 1 0 9 / L)  Ω  0. 2 9 ( 0. 2, 0. 4)  0. 3 ( 0. 2, 0. 4)  0. 2 ( 0. 1 2, 0. 4)  

S p ut u m c ell c o u nts  

S p ut u m c ell v i a bilit yΩ  7 2. 1 ( 5 5. 4, 8 4. 0)  7 8. 0 ( 6 1. 0, 8 6. 1)  6 8. 2 ( 5 3. 3, 8 2. 7)  

T ot al c ell c o u nt ( x 1 0 6 / ml)  Ω  4. 5 5 ( 2. 6 1, 7. 5 6)  
( n = 1 3 9) 

4. 8 6 ( 2. 7 0, 9. 2 7)  
( n = 7 3) 

4. 2 3 ( 2. 2 5, 6. 7 5)  
( n = 6 6) 

N e utr o p hils %  Ω  3 2. 5 ( 1 4. 0, 5 4. 0)  3 3. 5 ( 1 8. 0, 5 5. 0)  3 1. 7 5 ( 1 2. 5 0, 5 2. 7 5)  

E o si n o p hils %  Ω  1. 7 5 ( 0. 5 0, 9. 5 0)  2. 0  ( 0. 5 0, 6. 2 5) 1. 6 3 ( 0. 2 5, 1 1. 5 0)  

M a cr o p h a g e s %  Ω  5 0. 5 0 ( 3 1. 6 0, 6 9. 0)  5 1. 0 ( 3 1. 7 5, 6 8. 7 5)  4 5. 6 3 ( 3 1. 6 0, 6 9. 0)  

L y m p h o c yt es %  Ω  0. 7 5 ( 0. 2 5, 1. 7 5)  0. 7 5 ( 0. 2 5, 1. 5 0)  0. 7 5 ( 0. 2 5, 2. 0)  

C ol u m n ar e pit h eli al %  Ω  2. 5 0 ( 1. 0, 5. 7 5)  2. 5 0 ( 0. 7 5, 4. 7 5)  2. 3 8 ( 1. 2 5, 6. 5 0)  

C 2 R st ai n e d e o si n o p hils %  Ω  2. 2 5 ( 0. 5 0, 9. 5 0)  2. 5 0 ( 0. 7 5, 9. 2 5)  2. 0 ( 0. 5 0, 1 0. 0)  

S p ut u m  p h e n ot y p e  

E o si n o p hili c ¥  5 8  ( 4 1. 7 %) 3 2 ( 4 3. 8 %)  2 6 ( 3 9. 4 %)  

N e utr o p hili c ¥  2 1 ( 1 5. 1 %) 1 3( 1 7. 8 %)  8 ( 1 2. 1 %)  

P a u ci gr a n ul o c yti c ¥  5 5 ( 3 9. 6 %)  2 4 ( 3 2. 9 %)  3 1 ( 4 7. 0 %) 

Mi x e d ¥  5 ( 3. 6 %)  4 ( 5. 5 %)  1 ( 1. 5 %)  

E x a c er b ati o ns/ p ers o n -y e ar  
d uri n g A M A Z E S tri al  

T ot al  1. 6 1 2. 1 1 1. 0 7 ∞  

S e v er e  0. 7 7 1. 0 4 0. 4 8 ∞  

M o d er at e  0. 8 4 1. 0 7 0. 5 9 ∞  
Ω M e di a n ( q 1, q 3); ¥ ( n( %); Ψ M e a n ( S D); ∞ N e g ati v e bi n o mi al r e gr e ssi o n p < 0. 0 3. 4 9 2  

4 9 3 
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T a bl e II. A U C f o r e a c h p r e di cti v e m a r k e r b y st u d y p o p u lati o n, e x a c e r b ati o n s e v e rit y 4 9 4 

a n d e x a c e r b ati o n f r e q u e n c y st at u s.  4 9 5 

6 G S  S p ut u m 
e o si n o p hil s 

S p ut u m 
n e utr o p hil s 

S p ut u m 
E o si n o p hil s 
& 
N e utr o p hil s 

P B E  6 G S 

( F E N O) Ω

F E N O  

N = 1 3 9  N = 1 3 9  N = 1 3 9  N = 1 3 9  N = 1 3 9  N = 6 7  N = 6 7 

T
ot

al 
ex

ac
er

ba
ti

o
ns

 

 
≥ 

1 
or
 
0

A U C = 0. 6 9 6 
P < 0. 0 0 0 1 

A U C = 0. 6 3 0 
P = 0. 0 0 8 

A U C = 0. 6 3 3 * 
P = 0. 0 0 5 

A U C = 0. 6 4 2 
P = 0. 0 0 3 

A U C = 0. 5 9 6 * 
P = 0. 0 5 8 

A U C = 0. 6 9 1 
P = 0. 0 0 4 

A U C = 0. 6 3 5 
P = 0. 0 5 6 

≥
2 

or
 
0-

1

A U C = 0. 6 6 4 
P = 0. 0 0 1 

A U C = 0. 6 0 6 
P = 0. 0 3 4 

A U C = 0. 6 0 8 
P = 0. 0 2 9 

A U C = 0. 6 2 1 
P = 0. 0 1 6  

A U C = 0. 5 6 6 * 
P = 0. 1 8 1 

A U C = 0. 6 4 7 
P = 0. 0 2 9 

A U C = 0. 6 7 0 
P = 0. 0 1 0 

Se
v
er

e 
ex

ac
er

ba
ti

o
ns

 

 
≥ 

1 
or
 
0

A U C = 0. 6 8 1 
P < 0. 0 0 0 1 

A U C = 0. 5 7 9 
P = 0. 1 2 6 

A U C = 0. 5 4 9 * 
P = 0. 3 4 8 

A U C = 0. 5 8 8 
P = 0. 0 8 3 

A U C = 0. 5 0 3
¥

P = 0. 9 5 7 
A U C = 0. 7 3 6 
P < 0. 0 0 0 1 

A U C = 0. 6 1 8 
P = 0. 0 9 4 

≥
2 

or
 
0-

1

A U C = 0. 7 6 1 
P < 0. 0 0 0 1 

A U C = 0. 7 0 3 
P = 0. 0 0 2 

A U C = 0. 6 3 1
¥

P = 0. 0 5 4 
A U C = 0. 6 8 4 * 
P = 0. 0 1 2  

A U C = 0. 5 6 7
¥

P = 0. 2 8 1 
A U C = 0. 8 3 7 
P < 0. 0 0 0 1 

A U C = 0. 7 5 6 
P < 0. 0 0 0 1 

Ω
v al u es c al c ul at e d i n s u b p o p ul ati o n w h er e F E N O m e a s ur e m e nt w a s m a d e * p < 0. 0 5 v s 6 G S; 

¥
p < 0. 0 1 v s 6 G S; 4 9 6 

∏
p < 0. 0 5 vs 6 G S ( F E N O s u b p o p ul ati o n); 

§
p < 0. 0 1 vs 6 G S ( F E N O s u b p o p ul ati o n) 4 9 7 

4 9 8  
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T a bl e III. A n al ysis of di a g n osti c v al u e of t h e s p ut u m  6G S f o r ast h m a ai r w a y 4 9 9 

i nfl a m m at o r y p h e n ot y p e  5 0 0 

5 0 1 
M ar k er *  L o gi sti c R e gr e s si o n 

C o n st a nt  C o effi ci e nt  M o d el P 
v al u e 

A U C 
( 9 5 % CI) 

E A vs N E A 
N = 1 3 9 

A L P L 
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

3. 0 1 6 2 0 8  0. 1 2 3 3 1 4 8 
- 0. 0 9 2 9 9 6 6
- 0. 3 1 5 0 4 0 6
0. 0 3 2 3 8 8 4
- 0. 0 4 8 6 1 8 4
0. 1 4 2 9 7 2 8

< 0. 0 0 0 1 0. 7 6 8 4 
( 0. 6 8 9 8, 
0. 8 4 6 9) 

P < 0. 0 0 0 1 

E A vs N A 
N = 7 9 

A L P L 
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

3. 6 4 5 6 6 7  1. 5 2 9 6 4 8 
0. 0 5 8 6 2 6 4 
- 0. 0 9 7 1 2 4 9
- 0. 2 9 8 9 0 9
- 0. 9 4 5 4 1 8 3
0. 5 7 7 0 7 6 2

< 0. 0 0 0 1 0. 9 2 9 4 
( 0. 8 6 3 7, 
0. 9 9 5 1) 

P < 0. 0 0 0 1 

E A vs P G A 
N = 1 1 8 

A L P L 
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

4. 2 4 9 0 4 6  0. 0 0 6 3 3 2 1 
- 0. 1 0 1 3 1 2 4
- 0. 3 8 6 7 2 8 6
- 0. 0 3 2 5 4 1 7
0. 0 5 1 6 4 6 8
0. 0 9 9 9 3 5 2

0. 0 0 0 2 0. 7 6 3 6 
( 0. 6 7 7 5, 
0. 8 4 9 8) 

P < 0. 0 0 0 1 

N A vs N N A 
N = 1 3 9 

A L P L 
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

- 2. 0 3 4 0 3 1 - 0. 8 4 1 6 0 4 6
- 0. 2 8 2 9 2 3 3
0. 0 1 7 0 6 4 9
- 0. 1 0 2 6 3 2 1
0. 7 6 6 5 4 2

- 0. 3 1 3 5 1 9 4

< 0. 0 0 0 1 0. 8 9 4 8 
( 0. 8 2 9 4, 
0. 9 6 0 3) 

P < 0. 0 0 0 1 

N A vs P G A 
N = 8 1 

A L P L 
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

1. 8 2 0 3 3 1  - 0. 5 3 3 1 6 0 6
- 0. 4 0 5 9 7 7 8
- 0. 0 6 1 0 5 6 5
- 0. 2 7 8 9 3 9 9
0. 5 6 5 3 2 2

- 0. 2 0 3 3 8 4 2

< 0. 0 0 0 1 0. 8 8 0 4 
( 0. 8 0 5 5, 
0. 9 5 5 3) 

P < 0. 0 0 0 1 

P G A vs 
Gr a n ul o c yti c 
N = 1 3 9 

A L P L 
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

- 4. 3 1 6 1 5 4 0. 0 5 0 9 9 4 4 
0. 1 3 2 5 1 4 6 
0. 2 7 9 6 4 0 7 
0. 1 6 5 1 7 7 8 
- 0. 1 2 4 5 2 7 3
- 0. 0 1 5 7 5 2 1

0. 0 0 0 4 0. 7 3 9 6 
( 0. 6 5 6 1, 
0. 5 2 3 2) 

P < 0. 0 0 0 1 

* M ar k ers ar e n or m ali z e d t o b et a- a cti n m R N A e x pr essi o n ( ∆ C T)5 0 2 
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Fi g u r es 5 0 3 
5 0 4  

Fi g u r e 1. R O C a n al ysis of di a g n osti c p e rf o r m a n c e of 6 G S, s p ut u m e osi n o p hils a n d/ o r 5 0 5 

n e ut r o p hils a n d P B E f o r p r e di cti n g ast h m a e x a c e r b ati o n p h e n ot y p es. ( d o u bl e c ol u m n, 5 0 6 

c ol o r) 5 0 7 

5 0 8  

Fi g u r e 2. A Z M t r e at m e nt d o es n ot alt e r s p ut u m 6 G S e x p r essi o n o r p r o g n osti c c a p a cit y 5 0 9 

c o m p a r e d t o pl a c e b o. ( d o u bl e c ol u m n) 5 1 0 

5 1 1  

5 1 2 

Fi g u r e 3. S p ut u m 6 g e n e si g n at u r e e x p r essi o n i n e osi n o p hili c a n d n e ut r o p hili c s u bt y p es 5 1 3 

of ast h m a a n d p r e di cti o n of ai r w a y i nfl a m m at o r y p h e n ot y p e. ( d o u bl e c ol u m n, c ol o r) 5 1 4 

5 1 5  

5 1 6 
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R ef e r e n c es 5 1 7 

1. Si m p s o n J L, S c ott R, B o yl e MJ, Gi b s o n P G. I nfl a m m at or y s u bt y p e s i n a st h m a:5 1 8  

a ss e ss m e nt a n d i d e ntifi c ati o n u si n g i n d u c e d s p ut u m. R e s pir ol o g y 2 0 0 6; 1 1: 5 4- 6 1.5 1 9 

2.  M c Gr at h K W, I cit o vi c N, B o u s h e y H A, L az ar u s S C, S ut h erl a n d E R, C hi n c hilli V M, et al.5 2 0 

A l ar g e s u b gr o u p of mil d-t o- m o d er at e a st h m a i s p er si st e ntl y n o n e o si n o p hili c. A m J5 2 1 

R e s pir Crit C ar e M e d 2 0 1 2; 1 8 5: 6 1 2- 9.5 2 2 

3.  W e n z el S E. A st h m a p h e n ot y p e s: t h e e v ol uti o n fr o m cli ni c al t o m ol e c ul ar a p pr o a c h e s.5 2 3 

N at M e d 2 0 1 2; 1 8: 7 1 6- 2 5.5 2 4 

4. Fri c k er M, H e a n e y L G, U p h a m J W. C a n bi o m ar k er s h el p u s hit t ar g et s i n diffi c ult-t o-5 2 5 

tr e at a st h m a ? R e s pir ol o g y 2 0 1 7; 2 2: 4 3 0- 4 2.5 2 6 

5. R u ss ell RJ, Bri g htli n g C. P at h o g e n e si s of a st h m a: i m pli c ati o n s f or pr e ci si o n m e di ci n e.5 2 7 

Cli n S ci ( L o n d) 2 0 1 7; 1 3 1: 1 7 2 3- 3 5.5 2 8 

6.  Gr e e n R H, Bri g htli n g C E, M c K e n n a S, H ar g a d o n B, P ar k er D, Br a d di n g P, et al. A st h m a5 2 9 

e x a c er b ati o n s a n d s p ut u m e o si n o p hil c o u nt s: a r a n d o mi s e d c o ntr oll e d tri al. L a n c et5 3 0 

2 0 0 2; 3 6 0: 1 7 1 5- 2 1.5 3 1 

7. P a v or d I D, Bri g htli n g C E, W olt m a n n G, W ar dl a w AJ. N o n- e o si n o p hili c c orti c o st er oi d5 3 2 

u nr e s p o n si v e a st h m a. L a n c et 1 9 9 9; 3 5 3: 2 2 1 3- 4.5 3 3 

8. J a y ar a m L, Pi zzi c hi ni M M, C o o k RJ, B o ul et L P, L e mi er e C, Pi zzi c hi ni E, et al.5 3 4 

D et er mi ni n g a st h m a tr e at m e nt b y m o nit ori n g s p ut u m c ell c o u nt s: eff e ct o n5 3 5 

e x a c er b ati o n s. E ur R e s pir J 2 0 0 6; 2 7: 4 8 3- 9 4.5 3 6 

9. B ai n e s KJ, Si m p s o n J L, W o o d L G, S c ott RJ, Gi b s o n P G. Tr a n s cri pti o n al p h e n ot y p e s of5 3 7 

a st h m a d efi n e d b y g e n e e x pr e ssi o n pr ofili n g of i n d u c e d s p ut u m s a m pl e s. J All er g y5 3 8 

Cli n I m m u n ol 2 0 1 1; 1 2 7: 1 5 3- 6 0, 6 0 e 1- 9.5 3 9 
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1 0. K u o C S, P a vli di s S, L oz a M, B ari b a u d F, R o w e A, P a n di s I, et al. T- h el p er c ell t y p e 25 4 0 

(T h 2) a n d n o n- T h 2 m ol e c ul ar p h e n ot y p e s of a st h m a u si n g s p ut u m tr a n s cri pt o mi cs i n5 4 1 

U- BI O P R E D. E ur R e s pir J 2 0 1 7; 4 9.5 4 2 

1 1. P et er s M C, M e k o n n e n Z K, Y u a n S, B h a kt a N R, W o o dr uff P G, F a h y J V. M e a s ur e s of5 4 3 

g e n e e x pr e ssi o n i n s p ut u m c ell s c a n i d e ntif y T H 2- hi g h a n d T H 2-l o w s u bt y p e s of5 4 4 

a st h m a. J All er g y Cli n I m m u n ol 2 0 1 4; 1 3 3: 3 8 8- 9 4.5 4 5 

1 2. Y a n X, C h u J H, G o m ez J, K o e ni gs M, H ol m C, H e X, et al. N o ni n v a si v e a n al ysi s of t h e5 4 6 

s p ut u m tr a n s cri pt o m e dis cri mi n at e s cli ni c al p h e n ot y p e s of a st h m a. A m J R e s pir Crit5 4 7 

C ar e M e d 2 0 1 5; 1 9 1: 1 1 1 6- 2 5.5 4 8 

1 3. B ai n e s KJ, Si m p s o n J L, W o o d L G, S c ott RJ, Fi b b e n s N L, P o w ell H, et al. S p ut u m g e n e5 4 9 

e x pr e ssi o n si g n at ur e of 6 bi o m ar k er s di s cri mi n at es a st h m a i nfl a m m at or y5 5 0 

p h e n ot y p e s. J All er g y Cli n I m m u n ol 2 0 1 4; 1 3 3: 9 9 7- 1 0 0 7.5 5 1 

1 4. B ert h o n B S, Gi b s o n P G, W o o d L G, M a c D o n al d- Wi c ks L K, B ai n e s KJ. A s p ut u m g e n e5 5 2 

e x pr e ssi o n si g n at ur e pr e di ct s or al c orti c o st er oi d r e s p o n s e i n a st h m a. E ur R e s pir J5 5 3 

2 0 1 7; 4 9.5 5 4 

1 5.  Gi b s o n P G, Y a n g I A, U p h a m J W, R e y n ol d s P N, H o d g e S, J a m e s A L, et al. Eff e ct of5 5 5 

a zit hr o m y ci n o n a st h m a e x a c er b ati o n s a n d q u alit y of lif e i n a d ult s wit h p er si st e nt5 5 6 

u n c o ntr oll e d a st h m a ( A M A Z E S): a r a n d o mi s e d, d o u bl e- bli n d, pl a c e b o- c o ntr oll e d5 5 7 

tri al. L a n c et 2 0 1 7; 3 9 0: 6 5 9- 6 8.5 5 8 

1 6. C h u n g K F, W e n z el S E, Br o z e k J L, B u s h A, C a str o M, St er k PJ, et al. I nt er n ati o n al5 5 9 

E R S/ A T S g ui d eli n e s o n d efi niti o n, e v al u ati o n a n d tr e at m e nt of s e v er e a st h m a. E ur5 6 0 

R e s pir J 2 0 1 4; 4 3: 3 4 3- 7 3.5 6 1 

1 7.  Mill er M K, L e e J H, Mill er D P, W e n z el S E, Gr o u p T S. R e c e nt a st h m a e x a c er b ati o n s: a5 6 2 

k e y pr e di ct or of f ut ur e e x a c er b ati o n s. R e s pir M e d 2 0 0 7; 1 0 1: 4 8 1- 9.5 6 3 
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1 8. Al- a ni S, S pi gt M, H of s et P, M el b y e H. Pr e di ct or s of e x a c er b ati o n s of a st h m a a n d 5 6 4 

C O P D d uri n g o n e y e ar i n pri m ar y c ar e. F a m Pr a ct 2 0 1 3; 3 0: 6 2 1- 8.5 6 5 

1 9.  D w ei k R A, S or k n e ss R L, W e n z el S, H a m m el J, C urr a n- E v er ett D, C o m h air S A, et al. Us e5 6 6 

of e x h al e d nitri c o xi d e m e a s ur e m e nt t o i d e ntif y a r e a cti v e, at-ri s k p h e n ot y p e a m o n g5 6 7 

p ati e nt s wit h a st h m a. A m J R e s pir Crit C ar e M e d 2 0 1 0; 1 8 1: 1 0 3 3- 4 1.5 6 8 

2 0. L e mi er e C, Er n st P, Oli v e n st ei n R, Y a m a u c hi Y, G o vi n d ar aj u K, L u d wi g M S, et al.5 6 9 

Air w a y i nfl a m m ati o n a ss e ss e d b y i n v a si v e a n d n o ni n v a si v e m e a n s i n s e v er e a st h m a:5 7 0 

e o si n o p hili c a n d n o n e o si n o p hili c p h e n ot y p e s. J All er g y Cli n I m m u n ol 2 0 0 6;5 7 1 

1 1 8: 1 0 3 3- 9.5 7 2 

2 1.  D e nli n g er L C, P hilli p s B R, R a mr at n a m S, R o ss K, B h a kt a N R, C ar d et J C, et al.5 7 3 

I nfl a m m at or y a n d C o m or bi d F e at ur e s of P ati e nt s wit h S e v er e A st h m a a n d Fr e q u e nt5 7 4 

E x a c er b ati o n s. A m J R e s pir Crit C ar e M e d 2 0 1 7; 1 9 5: 3 0 2- 1 3.5 7 5 

2 2.  W e n z el S, S w a n s o n S, T e p er A, H a milt o n J, I z u h ar a J, O ht a S, et al. D u pil u m a b5 7 6 

r e d u c e s s e v er e e x a c er b ati o n s i n p eri o sti n- hi g h a n d p eri o sti n-l o w a st h m a p ati e nt s.5 7 7 

E ur R e s pir J 2 0 1 6; 4 8: O A 1 7 9 8.5 7 8 

2 3.  M o or e W C, H a sti e A T, Li X, Li H, B u ss e W W, J arj o ur N N, et al. S p ut u m n e utr o p hil5 7 9 

c o u nt s ar e a ss o ci at e d wit h m or e s e v er e a st h m a p h e n ot y p e s u si n g cl u st er a n al ysi s. J5 8 0 

All er g y Cli n I m m u n ol 2 0 1 4; 1 3 3: 1 5 5 7- 6 3 e 5.5 8 1 

2 4.  H e a n e y L G, Dj u k a n o vi c R, W o o d c o c k A, W al k er S, M att h e ws J G, P a v or d I D, et al.5 8 2 

R e s e ar c h i n pr o gr e ss: M e di c al R e s e ar c h C o u n cil U nit e d Ki n g d o m R efr a ct or y A st h m a5 8 3 

Str atifi c ati o n Pr o gr a m m e ( R A S P- U K). T h or a x 2 0 1 6; 7 1: 1 8 7- 9.5 8 4 

2 5. B ai n e s KJ, F u JJ, M c D o n al d V M, Gi b s o n P G. Air w a y g e n e e x pr e ssi o n of I L- 1 p at h w a y5 8 5 

m e di at or s pr e di ct s e x a c er b ati o n ri s k i n o b str u cti v e air w a y di s e a s e. I nt J C hr o n5 8 6 

O b str u ct P ul m o n Di s 2 0 1 7; 1 2: 5 4 1- 5 0.5 8 7 
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3 0

2 6. F u JJ, M c D o n al d V M, B ai n e s KJ, Gi b s o n P G. Air w a y I L- 1 b et a a n d S yst e mi c 5 8 8 

I nfl a m m ati o n a s Pr e di ct or s of F ut ur e E x a c er b ati o n Ri s k i n A st h m a a n d C O P D. C h e st 5 8 9 

2 0 1 5; 1 4 8: 6 1 8- 2 9. 5 9 0 

2 7.  D w y er D F, B arr ett N A, A u st e n K F, I m m u n ol o gi c al G e n o m e Pr oj e ct C. E x pr essi o n5 9 1 

pr ofili n g of c o n stit uti v e m a st c ell s r e v e al s a u ni q u e i d e ntit y wit hi n t h e i m m u n e5 9 2 

s yst e m. N at I m m u n ol 2 0 1 6; 1 7: 8 7 8- 8 7.5 9 3 

2 8.  W a n g G, B ai n e s KJ, F u JJ, W o o d L G, Si m p s o n J L, M c D o n al d V M, et al. S p ut u m m a st5 9 4 

c ell s u bt y p e s r el at e t o e osi n o p hili a a n d c orti c o st er oi d r e s p o n s e i n a st h m a. E ur R e s pir5 9 5 

J 2 0 1 6; 4 7: 1 1 2 3- 3 3.5 9 6 

2 9. S u z u ki Y, W a k a h ar a K, Nis hi o T, It o S, H a s e g a w a Y. Air w a y b a s o p hil s ar e i n cr e a s e d5 9 7 

a n d a cti v at e d i n e o si n o p hili c a st h m a. All er g y 2 0 1 7.5 9 8 

3 0. Br o o ks C R, v a n D al e n CJ, H er m a n s I F, Gi b s o n P G, Si m p s o n J L, D o u w e s J. S p ut u m5 9 9 

b a s o p hil s ar e i n cr e a s e d i n e o si n o p hili c a st h m a c o m p ar e d wit h n o n- e o si n o p hili c6 0 0 

a st h m a p h e n ot y p e s. All er g y 2 0 1 7.6 0 1 

3 1.  W o n g E H, P ort er J D, E d w ar d s M R, J o h n st o n S L. T h e r ol e of m a cr oli d e s i n a st h m a:6 0 2 

c urr e nt e vi d e n c e a n d f ut ur e dir e cti o n s. L a n c et R es pir M e d 2 0 1 4; 2: 6 5 7- 7 0.6 0 3 

3 2. Fri c k er M, Gi b s o n P G. M a cr o p h a g e d ysf u n cti o n i n t h e p at h o g e n e si s a n d tr e at m e nt of6 0 4 

a st h m a. E ur R e s pir J 2 0 1 7; 5 0.6 0 5 

6 0 6 

6 0 7 
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Fi g u r e l e g e n d s 6 0 8 

6 0 9  

Fi g u r e 1. R O C a n al ysis of di a g n osti c p e rf o r m a n c e of 6 G S, s p ut u m e osi n o p hils a n d/ o r 6 1 0 

n e ut r o p hils a n d P B E f o r p r e di cti n g ast h m a e x a c e r b ati o n p h e n ot y p es. R O C c ur v e 6 1 1 

c o m p aris o n p erf or m e d i n b ot h pl a c e b o- a n d A Z M-tr e at e d p ati e nts ( c o m bi n e d) e nr oll e d i n t h e 6 1 2 

A M A Z E S tri al. Bi o m ar k ers e x a mi n e d: t h e s p ut u m 6 G S ( bl a c k li n e), c o m bi n e d s p ut u m 6 1 3 

e osi n o p hils a n d n e utr o p hils ( pi n k li n e), s p ut u m e osi n o p hils ( bl u e li n e), s p ut u m n e utr o p hils 6 1 4 

(r e d li n e) a n d P B E ( gr e e n li n e). C o m p aris o ns s h o w n ar e n o n- e x a c er b at or v s e x a c er b at or 6 1 5 

(s e v er e e x a c er b ati o ns o nl y) (A ), inf r e q u e nt e x a c er b at or vs fr e q u e nt e x a c er b at or (s e v er e 6 1 6 

e x a c er b ati o ns o nl y) ( B ), n o n-e x a c er b at or vs e x a c er b at or (s u m m o d er at e a n d s e v er e 6 1 7 

e x a c er b ati o ns) ( C ) a n d infr e q u e nt e x a c er b at or vs fr e q u e nt e x a c er b at or (s u m m o d er at e a n d 6 1 8 

s e v er e e x a c er b ati o ns) ( D ). R OC a n al ysis w as als o p erf or m e d t o c o m p ar e pr o g n osti c c a p a cit y 6 1 9 

of s p ut u m 6 G S, O C S c o urs es ( pri or 1 2 m o nt hs) a n d 6 G S a dj ust e d f or pri or O C S c o urs es t o 6 2 0 

id e ntif y fr e q u e nt vs n o n-fr e q u e nt s e v er e e x a c er b at ors ( E ). ( * = P < 0. 0 5, * * = P < 0. 0 1).  6 2 1 

6 2 2  

Fi g u r e 2. A Z M t r e at m e nt d o es n ot alt e r s p ut u m 6 G S e x p r essi o n o r p r o g n osti c c a p a cit y 6 2 3 

c o m p a r e d t o pl a c e b o. q P C R w as p erf or m e d o n c D N A g e n er at e d fr o m r a w s p ut u m s a m pl es 6 2 4 

c oll e ct e d d uri n g s cr e e ni n g visits ( visit 1/ 2) a n d a visit at e n d of t h e tr e at m e nt p eri o d ( w e e k 6 2 5 

4 8, visit 1 0) f or t h e A M A Z E S tri al. C L C ( A ), CP A 3 ( B ), D N A S E 1 L 3 (C ), I L 1 B (D ), C X C R 2 6 2 6 

(E ) a n d A L P L (F ) dat a ar e r e p ort e d as r el ati v e a b u n d a n c e n or m ali z e d t o e x pr essi o n of t h e6 2 7 

h o us e k e e pi n g g e n e B- A C TI N ( * * = P < 0. 0 1, * * * = P < 0. 0 0 1, M a n n- W hit n e y). R O C c ur v e 6 2 8 

c o m p aris o n f or t h e s p ut u m 6 G S i n pl a c e b o ar m ( bl a c k li n e) c o m p ar e d wit h s p ut u m 6 G S i n 6 2 9 

A Z M ar m ( gr e y li n e). C o m p aris o ns s h o w n ar e n o n- e x a c er b at or vs e x a c er b at or (s e v er e 6 3 0 

e x a c er b ati o ns o nl y) ( G ), infr e q u e nt e x a c er b at or vs fr e q u e nt e x a c er b at or (s e v er e 6 3 1 

e x a c er b ati o ns o nl y) ( H ), n o n- e x a c er b at or vs e x a c er b at or (s u m m o d er at e a n d s e v er e 6 3 2 
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e x a c er b ati o ns) ( I ) an d i nf r e q u e nt e x a c er b at or vs fr e q u e nt e x a c er b at or (s u m m o d er at e a n d 6 3 3 

s e v er e e x a c er b ati o ns) ( J ).  6 3 4 

6 3 5 

Fi g u r e 3. S p ut u m 6 g e n e si g n at u r e e x p r essi o n i n e osi n o p hili c a n d n e ut r o p hili c s u bt y p es 6 3 6 

of ast h m a a n d p r e di cti o n of ai r w a y i nfl a m m at o r y p h e n ot y p e. q P C R w as p erf or m e d o n 6 3 7 

c D N A g e n er at e d fr o m r a w s p ut u m s a m pl es c oll e ct e d d uri n g s cr e e ni n g visit s f or t h e 6 3 8 

A M A Z E S tri al. C L C, C P A 3, D N A S E 1 L 3, C X C R 2, I L 1 B a n d A L P L d at a ar e r e p ort e d as 6 3 9 

r el ati v e a b u n d a n c e n or m ali z e d t o e x pr essi o n of t h e h o us e k e e pi n g g e n e B- A C TI N. A) p ati e nts 6 4 0 

ar e s e p ar at e d i nt o n o n- e o si n o p hili c ast h m a (s p ut u m e osi n o p hils < 3 %) a n d e osi n o p hili c 6 4 1 

ast h m a ( ≥  3 %) gr o u ps. B) p ati e nts ar e s e p ar at e d i nt o n o n- n e utr o p hili c ast h m a (s p ut u m 6 4 2 

n e utr o p hils < 6 1 %) a n d n e utr o p hili c ast h m a ( ≥  6 1 %) gr o u ps. D at a ar e e x pr ess e d as m e di a n 6 4 3 

v al u e wit h i nt er q u artil e r a n g e. ( * = P < 0. 0 5, * * = P < 0. 0 1, * * * = P < 0. 0 0 1, M a n n-6 4 4 

W hit n e y). R O C c ur v e c o m p aris o n f or t h e s p ut u m 6 G S ( bl a c k li n e) c o m p ar e d wit h P B E 6 4 5 

( gr e e n li n e, p a n el C ) an d c o m p ar e d wit h F E N O ( pi n k li n e, p a n el D ) ( p ati e nt s u b gr o u p w h er e 6 4 6 

F E N O d at a w as a v ail a bl e). 6 G S w as b ett er at disti n g uis hi n g t h e E A fr o m N A p h e n ot y p es 6 4 7 

t h a n P B E or F E N O ( * = P < 0. 0 5, * * = P < 0. 0 1).  6 4 8 

6 4 9  

6 5 0 

6 5 1 
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1  

A s p ut u m 6 g e n e si g n at u r e p r e di cts f ut u r e e x a c e r b ati o n s of p o o rl y c o nt r oll e d ast h m a. 1 

A ut h o r list: 2 

Mi c h a el Fri c k er, B S c P h D 1 , P et er G Gi bs o n, M B B S F R A C P1, 2, 1 4 , H e at h er P o w ell, 3 

M M e d S ci 1, 2 , J o di e L Si m ps o n, B S c P h D1 , I a n A Y a n g, M B B S P h D F R A C P3, 4 , J o h n W 4 

U p h a m, M B B S P h D 3, 5 , P a ul N R e y n ol ds, M B B S M D P h D F R A C P6, 7, 8 , S a n dr a H o d g e, 5 

P h D 6, 7, 8 , Al a n L J a m es M B B S M D F R A C P9, 1 0 , C hristi n e J e n ki ns, M B B S M D F R A C P1 1, 1 2 , 6 

M att h e w J P et ers, M D F R A C P 1 2, 1 3 , G u y B M ar ks, M B B S P h D F R A C P1 4, 1 5 , M eliss a B ar a k et 7 

M B B S P h D F R A C P 1 6 , K at h eri n e J B ai n es, B S c P h D18 

O N L I N E R E P O S I T O R Y 9 

S U P P L E M E N T A L M E T H O D S 1 0 

T ri al D esi g n 1 1 

T h e A M A Z E S tri al w as a m ulti c e ntr e, r a n d o mi z e d, d o u bl e- bli n d, pl a c e b o c o ntr oll e d p ar all el 1 2 

gr o u p tri al t h at w as d esi g n e d t o e v al u at e t h e effi c a c y a n d s af et y of or al a zit hr o m y ci n 5 0 0 m g, 1 3 

t hr e e ti m es w e e kl y f or 4 8 w e e ks, as a d d- o n t h er a p y i n a d ults wit h p ersist e nt s y m pt o m ati c 1 4 

ast h m a d es pit e m ai nt e n a n c e c o ntr oll er t h er a p y wit h I C S/ L A B D.  4 2 0 p ati e nts w er e all o c at e d 1 5 

t o a zit hr o m y ci n or i d e nti c al-l o o ki n g pl a c e b o i n a 1: 1 r ati o c e ntr all y usi n g c o n c e al e d r a n d o m 1 6 

all o c ati o n fr o m a c o m p ut er- g e n er at e d r a n d o m n u m b ers t a bl e wit h p er m ut e d bl o c ks of 4 or 6 1 7 

a n d str atifi c ati o n f or c e ntr e a n d p ast s m o ki n g . 1 8 

T ri al O v e rsi g ht 1 9 

A n ati o n al st e eri n g c o m mitt e e of i n v esti g at ors d e si g n e d t h e tri al a n d w as r es p o nsi bl e f or its 2 0 

c o n d u ct, a n al ysis, i nt er pr et ati o n, a n d r e p orti n g. St e nl a k e C o m p o u n di n g P h ar m a c y ( B o n di 2 1 

J u n cti o n, N S W, A ustr ali a) pr e p ar e d t h e st u d y dr u g a n d m at c hi n g pl a c e b o. T h e tri al w as 2 2 
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f u n d e d b y t h e A ustr ali a n G o v er n m e nt’s N ati o n al H e alt h a n d M e di c al R es e ar c h C o u n cil a n d 2 3 

t h er e w as n o c o m m er ci al i n p ut i nt o a n y as p e ct of t h e tri al. T h e tri al w as r e gist er e d ( A N Z C T R 2 4 

N o 1 2 6 0 9 0 0 0 1 9 7 2 3 5) a n d a p pr o v e d b y i nstit uti o n al et hi cs c o m mitt e es. All p ati e nts pr o vi d e d 2 5 

writt e n i nf or m e d c o ns e nt. 2 6 

P ati e nts 2 7 

P ati e nts w er e eli gi bl e if t h e y h a d ast h m a d efi n e d a s a c o m p ati bl e hist or y a n d o bj e cti v e 2 8 

e vi d e n c e of v ari a bl e airfl o w o bstr u cti o n fr o m br o n c h o dil at or r es p o ns e ( n = 3 0 7, 7 4. 5 %), air w a y 2 9 

h y p err es p o nsi v e n ess ( n = 1 2 9, 5 6 %) 1, 2 , or i n cr e as e d p e a k fl o w v ari a bilit y ( n = 7 3, 4 4. 7 %); w er e 3 0 

c urr e ntl y s y m pt o m ati c wit h at l e ast p arti al l oss of ast h m a c o ntr ol ( ast h m a c o ntr ol s c or e 3 1 

( A C Q 6) > 0. 7 4) 3  d es pit e tr e at m e nt wit h m ai nt e n a n c e I C S/ L A B D; w er e cli ni c all y st a bl e wit h 3 2 

n o r e c e nt e x a c er b ati o n, i nf e cti o n or c h a n g e i n m ai nt e n a n c e m e di c ati o n f or at l e ast 4 w e e ks 3 3 

pri or t o st u d y e ntr y; a n d w er e n o n-s m o k ers ( e x h al e d c ar b o n m o n o xi d e < 1 0 p p m). E x s m o k ers 3 4 

wit h a > 1 0 p a c k y e ar s m o ki n g hist or y u n d er w e nt g as tr a nsf er t esti n g a n d w er e e x cl u d e d if 3 5 

t h eir c ar b o n m o n o xi d e g as tr a nsf er c o effi ci e nt w a s < 6 5 % pr e di ct e d. 3 6 

P r o c e d u r es 3 7 

Aft er a s cr e e ni n g visit p ati e nts e nt er e d a 2 w e e k r u n-i n p eri o d.  T h os e wit h o pti mis e d ast h m a 3 8 

tr e at m e nt, a d h er e n c e t o > 8 0 % of d os es a n d w h o r e m ai n e d st a bl e wit h c h a n g e i n A C Q 6 of 3 9 

< 0. 5 w er e r a n d o mi z e d. P ati e nts w er e tr e at e d f or 4 8 w e e ks a n d att e n d e d t h e cli ni c f or 4 0 

ass ess m e nt at w e e ks 6, 1 2, 2 4, 3 6, 4 8, 5 2. St u d y visits ass ess e d s y m pt o ms, m e di c ati o n us e, 4 1 

ast h m a e x a c er b ati o ns, a d h er e n c e, a d v ers e e v e nts, a n d s pir o m etr y. T el e p h o n e ass ess m e nts 4 2 

w er e c o n d u ct e d at w e e ks 1 8, 3 0, a n d 4 2. I n d u c e d s p ut u m 4   w as p erf or m e d b ef or e 4 3 

r a n d o mi z ati o n a n d at t h e e n d of tr e at m e nt visit ( w e e k 4 8). A d h er e n c e w as ass ess e d b y t a bl et 4 4 

c o u nt r et ur ns at e a c h visit. F or s af et y m o nit ori n g, w e ass ess e d li v er f u n cti o n t ests a n d a n 4 5 

el e ctr o c ar di o gr a m at s cr e e ni n g, aft er 6 w e e ks of tr e at m e nt, a n d at t h e e n d of tr e at m e nt. Q T c 4 6 
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3  

pr ol o n g ati o n > 4 8 0 m S e c r es ult e d i n wit h dr a w al fr o m t h e tri al.  Mi cr o bi ol o gi c al ass ess m e nts 4 7 

i n v ol v e d s p ut u m c ult ur e f or r e c o g nis e d p ul m o n ar y p at h o g e ns ( 5 sit es), a n d t hr o at s w a b a n d 4 8 

n os e s w a bs ( 2 sit es) at r a n d o mis ati o n a n d e n d of tr e at m e nt. 4 9 

O ut c o m es 5 0 

O ur pri m ar y o ut c o m e w a s t h e r at e of s e v er e ast h m a e x a c er b ati o ns o v er 4 8 w e e ks 5, 6 . S e v er e 5 1 

e x a c er b ati o ns w er e w ors e ni n g of ast h m a s y m pt o ms r e q uiri n g ≥ 3 d a y s of s yst e mi c 5 2 

c orti c ost er oi d tr e at m e nt ≥ 1 0 m g/ d a y, or a n ast h m a-s p e cifi c h os pit ali z ati o n or e m er g e n c y 5 3 

d e p art m e nt visit r e q uiri n g s yst e mi c c orti c ost er oi d s. E x a c er b ati o ns w er e c a pt ur e d at all visits 5 4 

usi n g str u ct ur e d i nt er vi e wi n g. S e c o n d ar y effi c a c y v ari a bl es w er e A C Q 6, a st h m a-r el at e d 5 5 

q u alit y of lif e ( A Q L Q 7 , l u n g f u n cti o n, a n d i n d u c e d s p ut u m c ell c o u nts.  5 6 

S p ut u m i n d u cti o n a n d a n al ysis 5 7 

Airfl o w li mit ati o n w as ass ess e d usi n g s pir o m etr y ( M e d gr a p hi cs, C P F S/ D T M  us b S pir o m et er, 5 8 

Br e e z e S uit e v 7. 1, S ai nt P a ul, U S A). S p ut u m i n d u cti o n wit h h y p ert o ni c s ali n e ( 4. 5 %) w as 5 9 

p erf or m e d i n p arti ci p a nts w h os e F E V 1  w as ≥ 1 L usi n g o ur pr e vi o usl y d es cri b e d m et h o ds 8 . In 6 0 

t h os e wit h F E V1  < 1 L, 0. 9 % s ali n e w as us e d. F or g e n e e x pr essi o n, B uff er R L T ( Qi a g e n, 6 1 

Hil d e n, G er m a n y) w as i m m e di at el y a d d e d t o 1 0 0 µ L of s el e ct e d s p ut u m a n d st or e d at - 8 0 ° C 6 2 

u ntil R N A e xtr a cti o n. F or i nfl a m m at or y c ell c o u nt s, s el e ct e d s p ut u m w as di s p ers e d usi n g 6 3 

dit hi ot hr eit ol, a n d t ot al c ell c o u nt a n d vi a bilit y w er e p erf or m e d. C yt os pi ns w er e pr e p ar e d, 6 4 

st ai n e d ( M a y- Gr u n w al d – Gi e ms a) a n d a diff er e nti al c ell c o u nt o bt ai n e d fr o m 4 0 0 n o n-6 5 

s q u a m o us c ells. 6 6 

G e n e e x p r essi o n a n al ysis 6 7 

S p ut u m g e n e e x pr essi o n of C L C , C P A 3 , D N A S E 1 L 3 , A L P L , C X C R 2, I L 1 B  w as p erf or m e d as 6 8 

pr e vi o usl y d es cri b e d 9  (s e e O nli n e R e p osit or y). Bri efl y, s p ut u m R N A w as e xtr a ct e d usi n g t h e 6 9 
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4  

Qi a g e n R N e as y Mi ni Kit, q u a ntifi e d, r e v ers e-tr a ns cri b e d t o c D N A a n d us e d t o d et e ct g e n e 7 0 

e x pr essi o n usi n g st a n d ar d T a q m a n r e al-ti m e q P C R m et h o ds ( A p pli e d Bi os yst e ms, F ost er 7 1 

Cit y, U S A). St atisti c al a n al ysis of di a g n osti c a bilit y w as p erf or m e d o n t h e c h a n g e i n c y cl e 7 2 

t hr es h ol d (∆ Ct)  b et w e e n t h e t ar g et g e n e a n d h o us e k e e pi n g β - a cti n. F or r el ati v e g e n e 7 3 

e x pr essi o n l e v els, d at a w er e l o g tr a nsf or m e d ( 2 -∆ Ct ). 7 4 

7 5 
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5  

S U P P L E M E N T A L R E S U L T S 7 6 

S u p pl e m e nt al T a bl e E 1. A n al ysi s of p r o g n osti c v al u e of t h e s p ut u m 6 G S f o r di s c ri mi n ati n g 7 7 

p ati e nt s w h o e x p e ri e n c e n o n e o r s o m e s e v e r e ast h m a e x a c e r b ati o ns i n t h e f oll o wi n g 4 8 w e e ks 7 8 

7 9 

M ar k er *  L o gi sti c R e gr e s si o n  

C o n st a nt  C o effi ci e nt  M o d el P 
v al u e 

A U C 

N
=
14

2 
(5

1/
1
42

, 
3
5.

9
% 

s
ev

er
e 

ex
ac

er
ba

t
or

s)
 

I n di vi d u al 

A L P L  0. 6 8 2 1 0 7 2  -0. 1 7 2 9 2 8 4 0. 0 8 8 8  0. 6 1 3 2  
P = 0. 0 2 6 

C L C  1. 1 5 7 0 9 4  -0. 1 7 5 9 6 2 1 0. 0 1 7 9  0. 6 3 9 1  
P = 0. 0 0 3 

C P A 3  1. 2 3 8 7 8 6  -0. 1 6 8 5 7 5 6 0. 0 3 7 9  0. 6 1 5 2  
P = 0. 0 1 6 

C X C R 2  -0. 3 6 5 7 5 9 2 -0. 0 0 9 5 9 3 9 0. 6 1 8 1  0. 5 4 9 0  
P = 0. 3 5 4 

D N A S E 1 L 3  1. 3 3 2 7 6  -0. 1 5 0 7 0 5 7 0. 1 6 8 5  0. 5 8 9 3  
P = 0. 0 7 4 

I L 1 B -0. 1 1 0 5 4 3 5 -0. 1 0 0 5 4 6 6 0. 3 5 9 4  0. 5 6 5 2  
P = 0. 2 0 4 

C o m bi n ati o n  

6 G S  A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

1. 1 0 7 5 4 9  -0. 2 6 4 9 1 4 5
- 0. 1 4 1 3 9 9 1
- 0. 1 1 6 9 5 2 2
0. 2 2 4 7 2 2 5
0. 1 3 1 2 4 9 4
- 0. 0 4 9 1 0 4

0. 0 5 2 2  0. 6 8 8 9  
P < 0. 0 0 0 1 

* M ar k ers ar e n or m ali z e d t o b et a- a cti n m R N A e x pr essi o n ( ∆ C T)8 0 
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6  

S u p pl e m e nt al T a bl e E 2. A n al ysi s of di a g n osti c v al u e of t h e s p ut u m 6 G S f o r di s c ri mi n ati n g 8 1 

p ati e nt s w h o e x p e ri e n c e i nf r e q u e nt ( < 2) o r f r e q u e nt ( ≥≥≥≥  2) s e v e r e ast h m a e x a c e r b ati o ns i n t h e 8 2 

f oll o wi n g 4 8 w e e ks 8 3 

8 4 

M ar k er *  L o gi sti c R e gr e s si o n  

C o n st a nt  C o effi ci e nt  M o d el P 
v al u e 

A U C 

N
=
14

2 
(2

4/
1
42

, 
1
6.

9
% 
fr

e
q
ue

nt
 s

ev
er

e)
 

I n di vi d u al 

A L P L  -0. 4 1 4 1 2 9 8 -0. 1 1 1 2 1 9 2 0. 0 2 1 0  0. 6 7 8 0  
P = 0. 0 0 2 

C L C  1. 1 3 3 0 7 9  -0. 2 6 1 8 3 0 2 0. 0 0 0 4  0. 7 4 4 4  
P < 0. 0 0 0 1 

C P A 3  1. 7 9 9 8 9 9  -0. 3 0 7 8 7 3 3 0. 0 0 0 2  0. 7 4 2 9  
P < 0. 0 0 0 1 

C X C R 2  -0. 8 8 2 9 8 6 3 -0. 0 4 4 2 7 7 2 0. 0 3 2 3  0. 6 4 8 0  
P = 0. 0 1 6 

D N A S E 1 L 3  2. 3 0 9 9 9 2  -0. 2 9 9 9 1 7 5 0. 0 0 2 1  0. 7 2 7 0  
P < 0. 0 0 0 1 

I L 1 B -0. 9 5 6 1 7 4 4 -0. 0 5 2 9 3 7 7 0. 0 3 2 0  0. 6 4 4 8  
P = 0. 0 1 3 

C o m bi n ati o n  

6 G S  A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

1. 6 5 3 5 0 5  -0. 0 3 6 6 6 6 9
- 0. 1 4 1 9 3 6 6
- 0. 2 4 2 0 4 0 5
0. 0 3 2 8 8 0 8
0. 0 8 0 0 4 6 1
- 0. 0 3 8 0 8 4 9

0. 0 0 9 1  0. 7 6 1 3  
P < 0. 0 0 0 1 

* M ar k ers ar e n or m ali z e d t o b et a- a cti n m R N A e x pr essi o n ( ∆ C T)8 5 
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 7  

S u p pl e m e nt al T a bl e E 3. A n al ysi s of p r o g n osti c v al u e of t h e s p ut u m 6 G S f o r di s c ri mi n ati n g 8 6 

p ati e nt s w h o e x p e ri e n c e n o n e o r s o m e t ot al ( m o d e r at e a n d s e v e r e) ast h m a e x a c e r b ati o ns i n t h e 8 7 

f oll o wi n g 4 8 w e e ks 8 8 

  M ar k er *  L o gi sti c R e gr e s si o n  

 C o n st a nt  C o effi ci e nt  M o d el P 
v al u e 

A U C  

N
=
14

2 
(8

4/
1
42

, 
5
9.

2
% 
t
ot

al 
ex

ac
er

ba
t
or

s)
 

I n di vi d u al      

 A L P L  2. 0 2 1 2 7 1  -0. 1 6 8 3 2 4 7  0. 0 0 1 4  0. 6 7 4 1  
P < 0. 0 0 0 1 

 C L C  1. 1 1 6  -0. 0 2 2 9 1 5 2  0. 0 0 9 6  0. 6 3 3 2  
P = 0. 0 0 6 

 C P A 3  0. 9 1 2 5 8 1 8  -0. 0 0 0 5 9    0. 0 1 0 2  0. 6 1 7 2  
P = 0. 0 1 6  

 C X C R 2  0. 9 2 8 9 6 2 3  -0. 0 0 4 1 6 6 4  0. 0 1 0 2  0. 6 3 6 1  
P = 0. 0 0 4 

 D N A S E 1 L 3  0. 5 8 5 2 7 8 9  0. 0 2 7 6 0 9 2    0. 0 0 9 8  0. 6 4 0 4  
P = 0. 0 0 3 

 I L 1 B 0. 9 8 6 4 4 6 1  -0. 0 2 5 7 4 2 3  0. 0 0 9 9  0. 6 3 8 1  
P = 0. 0 0 3 

C o m bi n ati o n       

6 G S  A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

0. 9 3 5 0 9 0 1  -0. 4 1 2 7 6 8 7  
- 0 0. 0 3 6 1 9 0 7 
-. 0 1 0 1 5 7 8 
0. 2 0 9 4 7 0 8 
0. 1 4 2 5 8 1 7 
0. 1 0 8 6 8 5 7 

0. 0 1 1 5  0. 7 1 1 4  
P < 0. 0 0 0 1 

* M ar k ers ar e n or m ali z e d t o b et a- a cti n m R N A e x pr essi o n ( ∆ C T)   8 9 
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8  

S u p pl e m e nt al T a bl e E 4. A n al ysi s of di a g n osti c v al u e of t h e s p ut u m 6 G S f o r di s c ri mi n ati n g 9 0 

p ati e nt s w h o e x p e ri e n c e i nf r e q u e nt o r f r e q u e nt t ot al ( m o d e r at e a n d s e v e r e) ast h m a 9 1 

e x a c e r b ati o ns i n t h e f oll o wi n g 4 8 w e e ks 9 2 

M ar k er *  L o gi sti c R e gr e s si o n  

C o n st a nt  C o effi ci e nt  M o d el P 
v al u e 

A U C 

N
=
14

2 
(5

6/
1
42

, 
3
9.

4
% 
fr

e
q
ue

nt
 t

ot
al 

ex
ac

er
ba

t
or

s)
 

I n di vi d u al 

A L P L  . 7 8 8 1 8 9 7 -0. 1 2 6 5 7 2 7 0. 0 1 4 8  0. 6 4 3 3  
P = 0. 0 0 4 

C L C  1. 1 5 2 4 3 7  -0. 1 2 9 9 2 7 9 0. 0 0 6 0  0. 6 5 5 5  
P = 0. 0 0 2 

C P A 3  1. 4 1 3 3 6 2  -0. 1 4 5 2 0 7 2 0. 0 0 5 4  0. 6 5 3 0  
P = 0. 0 0 2 

C X C R 2  0. 3 3 2 5 5 4 5  -0. 0 6 7 5 4 0 9 0. 0 3 3 2  0. 6 2 1 9  
P = 0. 0 1 5 

D N A S E 1 L 3  1. 6 0 6 9 8 8  -0. 1 4 0 2 1 7 9 0. 0 1 4 5  0. 6 4 5 3  
P = 0. 0 0 3 

I L 1 B 0. 2 7 7 6 1 1 8  -0. 0 9 9 1 2 2 3 0. 0 2 6 4  0. 6 2 9 2  
P = 0. 0 0 7  

C o m bi n ati o n  

6 G S  A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

1. 4 6 2 8 9 5  -0. 0 8 9 0 0 7 3
- 0. 0 6 8 1 7 6
- 0. 1 2 3 7 9 3 3
0. 0 3 9 2 1 2
0. 0 7 4 8 7 7

- 0. 0 4 9 6 4 7 2

0. 0 8 7 6  0. 6 6 4 9  
P = 0. 0 0 1 

* M ar k ers ar e n or m ali z e d t o b et a- a cti n m R N A e x pr essi o n ( ∆ C T)9 3 
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S u p pl e m e nt al T a bl e E 5. A U C f o r e a c h p r e di cti v e m a r k e r b y st u d y p o p ul ati o n, e x a c e r b ati o n 9 4 

s e v e rit y a n d e x a c e r b ati o n f r e q u e n c y st at us.  9 5 

     6 G S  S p ut u m 
e o si n o p hil s 

S p ut u m 
n e utr o p hil s  

P B E  6 G S  

( F E N O) ΩΩΩΩ  

F E N O  

Pl
ac

e
b
o 

T
ot

al 
ex

ac
er

ba
ti

o
ns

 

 ≥
 
1 

or
 
0 

A U C = 0. 7 1 1  
P = 0. 0 0 3 
N = 7 3 
 

A U C = 0. 5 0 5 
P = 0. 9 4 7 
N = 7 3 
 

A U C = 0. 5 8 2 
P = 0. 2 6 3 
N = 7 3 
 

A U C = 0. 6 0 2  
P = 0. 1 6 5 
N = 7 3 
 
 

A U C = 0. 7 3 8 
P = 0. 0 2 6 
N = 3 4 

A U C = 4 8 0 
P = 0. 8 4 6 
N = 3 4 

≥
 
2 

or
 
0-

1 A U C = 0. 7 0 6  
P = 0. 0 0 1 
N = 7 3 
 

A U C = 0. 5 7 5 
P = 0. 2 6 9 
N = 7 3 
 

A U C = 0. 5 5 4 
P = 0. 4 2 8 
N = 7 3 
 
 

A U C = 0. 6 0 6  
P = 0. 1 1 0 
N = 7 3 
 

A U C = 0. 5 6 1 
P = 0. 5 7 6 
N = 3 4 

A U C = 0. 5 5 0  
P = 0. 6 2 7 
N = 3 4 

Se
ve

re
 
ex

ac
er

ba
ti

o
ns

 

 ≥
 
1 

or
 
0 A U C = 0. 6 7 6  

P = 0. 0 0 5 
N = 7 3 
 

A U C = 0. 5 4 7 
P = 0. 4 9 9 
N = 7 3 
 
 

A U C = 0. 5 9 3 
P = 0. 1 8 1 
N = 7 3 
 

A U C = 0. 5 5 8  
P = 0. 3 9 7 
N = 7 3 
 

A U C = 0. 7 1 2 
P = 0. 0 2 0 
N = 3 4 

A U C = 0. 5 3 5  
P = 0. 7 4 1 
N = 3 4 

≥
 
2 

or
 
0-

1 A U C = 0. 7 7 6  
P < 0. 0 0 0 1 
N = 7 3 
 

A U C = 0. 7 0 1 
P = 0. 0 0 4 
N = 7 3 
 

A U C = 0. 5 6 3 * 
P = 0. 4 3 6 
N = 7 3 
 

A U C = 0. 6 2 8  
P = 0. 0 9 1 
N = 7 3 
 

A U C = 0. 8 1 0 
P < 0. 0 0 0 1 
N = 3 4 

A U C = 0. 6 3 4  
P = 0. 2 1 3 
N = 3 4 

AZ
M 

T
ot

al 
ex

ac
er

ba
ti

o
ns

 

 ≥
 
1 

or
 
0 

A U C = 0. 6 4 3  
P = 0. 0 3 8 
N = 6 6 

A U C = 0. 5 4 4 
p = 0. 5 4 0 
N = 6 6 

A U C = 0. 4 7 9  
p = 0. 7 7 6 
N = 6 6  

A U C = 0. 5 2 4  
p = 0. 7 4 0 
N = 6 6  

A U C = 0. 6 4 0 
p = 0. 1 6 0 
N = 3 3 
 

A U C = 0. 5 2 9  
p = 0. 7 8 3 
N = 3 3 
 

≥
 
2 

or
 
0-

1 A U C = 0. 6 1 0  
P = 0. 1 5 0 
N = 6 6 

A U C = 0. 4 3 1 
P = 0. 3 8 6 
N = 6 6  

A U C = 0. 4 7 0 
P = 0. 6 9 8 
N = 6 6  

A U C = 0. 5 1 1  
P = 0. 8 9 1 
N = 6 6  

A U C = 0. 6 0 9 
P = 0. 3 4 8 
N = 3 3 
 

A U C = 0. 5 6 5  
P = 0. 5 3 6 
N = 3 3 
 

Se
ve

re
 
ex

ac
er

ba
ti

o
ns

 

 ≥
 
1 

or
 
0 A U C = 0. 7 4 1  

P < 0. 0 0 0 1 
N = 6 6 

A U C = 0. 5 3 4 * 
P = 0. 6 6 9 
N = 6 6  

A U C = 0. 4 6 9 
¥  

P = 0. 6 7 5 
N = 6 6  

A U C = 0. 5 9 2  
P = 0. 2 2 9 
 

A U C = 0. 8 0 4 
P < 0. 0 0 0 1 
N = 3 3 
 

A U C = 0. 5 8 3 
§
 

P = 0. 4 4 4 
N = 3 3 
 

≥
 
2 

or
 
0-

1 A U C = 0. 7 5 0  
P = 0. 0 1 3 
N = 6 6 

A U C = 0. 4 6 7 * 
P = 0. 8 0 7 
N = 6 6  

A U C = 0. 2 9 3 
¥
 

P = 0. 0 5 5 
N = 6 6  

A U C = 0. 6 7 8  
P = 0. 0 8 1 
N = 6 6  

A U C = 0. 7 6 7 
P = 0. 1 2 5 
N = 3 3 
 

A U C = 0. 6 0 0  
P = 0. 3 9 4 
N = 3 3 
 

Ω
v al u es c al c ul at e d i n s u b p o p ul ati o n w h er e F E N O m e a s ur e m e nt w a s m a d e, * p < 0. 0 5 v s 6 G S; 

¥
p < 0. 0 1 v s 6 G S; 9 6 

§
p < 0. 0 1 vs 6 G S ( F E N O s u b p o p ul ati o n)   9 7 
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 1 0

S u p pl e m e nt al T a bl e E 6. A n al ysi s of p r o g n osti c v al u e of t h e s p ut u m 6 G S f o r di s c ri mi n ati n g 9 8 

p ati e nt s w h o e x p e ri e n c e n o n e o r s o m e s e v e r e ast h m a e x a c e r b ati o ns i n f oll o wi n g 4 8 w e e ks  9 9 

  M ar k er *  L o gi sti c R e gr e s si o n  

 C o n st a nt  C o effi ci e nt  M o d el P 
v al u e 

A U C 
( 9 5 % CI) 

Pl
ac

e
b
o 

gr
o
u
p. 

N=
73

 (
29

/7
3, 

3
9.

7
% 

s
ev

er
e 

ex
ac

er
ba

t
or

s)
 I n di vi d u al      

 A L P L  1. 1 7 4 7 1 1  -0. 2 5 2 4 4 5 9  0. 0 3 3 5  0. 6 5 5 2, 
p = 0. 0 1 7 

 C L C  1. 3 1 1 4 1 2  -0. 1 9 3 5 2 3 4  0. 0 2 9 3  0. 6 4 8 1, 
p = 0. 0 2 1 

 C P A 3  1. 1 2 1 9 0 2  -0. 1 5 6 5 5 3 7  0. 1 0 8 8  0. 5 8 6 2, 
p = 0. 2 0 4 

 C X C R 2  0. 0 9 9 6 9 1 4  -0. 0 9 7 7 3 9 4  0. 3 9 9 3  0. 5 8 4 6, 
p = 0. 2 1 7 

 D N A S E 1 L 3  2. 1 7 8 4 5 7  -0. 2 2 4 0 2 7 1  0. 1 0 3 8  0. 6 0 4 2, 
p = 0. 1 2 2 

 I L 1 B 0. 1 8 2 2 3 4 4  -0. 1 9 8 6 7 4 3  0. 1 4 9 1  0. 5 7 9 9, 
p = 0. 2 5 9 

C o m bi n ati o n       

6 G S  A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

2. 5 5 3 7 8 7  -0. 2 4 4 1 9 8 3  
- 0. 1 5 0 3 9 8 7 
- 0. 0 2 3 6 0 5 3 
0. 0 8 1 7 3 1 5 
- 0. 0 1 9 9 1 1 4 
- 0. 0 2 1 0 9 3 6 

0. 2 3 1 1  0. 6 7 6 3  
P = 0. 0 0 5 

AZ
M 

gr
o
u
p. 

N=
69

 (
22

/6
9, 

3
1.

9
% 

s
ev

er
e 

ex
ac

er
ba

t
or

s)
 

I n di vi d u al      

 A L P L  - 0. 2 7 8 9 1 6 1 -0. 0 7 3 5 9 2 3  0. 5 9 2 3  0. 5 1 8 4, 
p = 0. 8 1 3 

 C L C  0. 7 4 6 2 7 5 3 -0. 1 5 4 6 8 6 7  0. 1 1 9 3  0. 5 8 4 1 
p = 0. 2 4 4 

 C P A 3  1. 0 8 7 5 8 8 -0. 1 8 2 0 6 3  0. 0 8 0 5  0. 6 1 9 0, 
p = 0. 0 8 8 

 C X C R 2  - 1. 3 5 1 3 4 1 0. 1 1 1 3 0 0 8  0. 4 1 2 4  0. 5 7 5 4, 
p = 0. 3 4 6 

 D N A S E 1 L 3  0. 2 4 5 1 2 7 3 -0. 0 8 8 1 5 3 5  0. 4 9 1 7  0. 5 3 6 8, 
p = 0. 6 2 2 

 I L 1 B  - 0. 7 4 1 7 2 3 5 -0. 0 0 5 6 1 9 1  0. 9 6 6 9  0. 5 0 2 9, 
p = 0. 9 7 1 

C o m bi n ati o n       

6 G S  A L P L 
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

- 0. 2 6 6 3 7 1 7 -0. 5 7 8 6 8 1 1  
- 0. 0 8 8 6 0 1 6 
- 0. 3 6 0 6 0 2 1 
0. 6 5 4 0 6 3 2 
0. 4 0 4 4 1 7 9 
- 0. 0 9 1 5 6 2 8 

0. 0 9 6 6  0. 7 4 4 7  
P < 0. 0 0 0 1 

* M ar k ers ar e n or m ali z e d t o b et a- a cti n m R N A e x pr essi o n ( ∆ C T)  1 0 0 



A C C E P T E D M A N U S C RI P T

 1 1

S u p pl e m e nt al T a bl e E 7. A n al ysi s of di a g n osti c v al u e of t h e s p ut u m 6 G S f o r di s c ri mi n ati n g 1 0 1 

p ati e nt s w h o e x p e ri e n c e i nf r e q u e nt ( < 2) o r f r e q u e nt ( ≥≥≥≥  2) s e v e r e ast h m a e x a c e r b ati o ns i n 1 0 2 

f oll o wi n g 4 8 w e e ks 1 0 3 

  M ar k er *  L o gi sti c R e gr e s si o n  

 C o n st a nt  C o effi ci e nt  M o d el P 
v al u e 

A U C 
( 9 5 % CI) 

Pl
ac

e
b
o 

gr
o
u
p. 

N=
73

 (
x
1
8/

7
3, 

24
.7

% 
fr

e
q
ue

nt
 s

ev
er

e)
 

I n di vi d u al      

 A L P L  -0. 6 6 5 7 0 8  -0. 0 7 0 8 2 6 7  0. 5 6 7 1  0. 5 7 4 7, 
p = 0. 3 4 2  

 C L C    1. 7 9 6 2 9  -0. 3 4 4 1 4 3 2  0. 0 0 1 7  0. 7 4 3 4, 
p < 0. 0 0 0 1 

 C P A 3  2. 7 0 5 3 6  -0. 4 0 8 6 1 7 4  0. 0 0 0 9  0. 7 3 5 4, 
p < 0. 0 0 0 1  

 C X C R 2  -0. 8 7 9 1 6 2  -0. 0 4 5 0 0 7 9  0. 7 3 0 7  0. 5 2 4 2, 
p = 0. 7 5 3 

 D N A S E 1 L 3  2. 2 9 2 9 8 7  -0. 2 9 8 4 0 1 5  0. 0 6 1 5  0. 6 5 2 5, 
p = 0. 0 3 9  

 I L 1 B -1. 0 1 0 9 6 3  -0. 0 3 4 7 3 2 3  0. 8 2 0 2  0. 4 8 2 8, 
p = 0. 8 4 4 

C o m bi n ati o n       

6 G S  A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

1. 9 1 0 6 5 6  0. 0 0 0 2 2 4  
- 0. 2 3 2 2 1 9 6 
- 0. 4 0 0 1 0 8 6 
- 0. 0 7 6 7 0 6 3 
0. 2 7 2 1 8 4 3 
- 0. 0 1 7 0 9 7 2 

0. 0 3 0 5  0. 7 7 5 8   
P < 0. 0 0 0 1 

AZ
M 

gr
o
u
p. 

N=
69

 (
6/

69
, 

8.
7

% 
fr

e
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nt
 s

ev
er

e)
 

I n di vi d u al      

 A L P L  - 0. 8 7 2 3 9 3 9 -0. 2 3 7 5 6 4 2  0. 2 9 6 1  0. 5 7 1 4  
P = 0. 5 7 1 

 C L C  - 1. 1 5 2 8 9 8 -0. 1 2 5 6 5 7 8  0. 4 2 1 2  0. 5 1 3 2  
P = 0. 9 0 7 

 C P A 3    - 0. 7 8 7 0 2 -0. 1 5 7 9 2 4 9  0. 3 3 2 0  0. 6 0 3 2  
P = 0. 3 2 9 

 C X C R 2  - 2. 1 3 2 5 4 8 -0. 0 4 2 2 3 8 4  0. 8 4 8 2  0. 4 8 1 5  
P = 0. 9 0 7 

 D N A S E 1 L 3  0. 9 5 6 6 6 1 8 -0. 3 0 2 2 4 2 2  0. 1 4 2 5  0. 6 5 3 4  
P = 0. 1 1 1 

 I L 1 B  - 2. 0 7 8 3 2 6 -0. 0 9 2 2 8 0 4  0. 6 8 1 7  0. 5 6 6 1  
P = 0. 5 3 1 

C o m bi n ati o n       

6 G S A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 

I L 1 B 

2. 0 5 7 0 3 5 -0. 6 7 3 0 8 4 2  
0. 0 7 9 1 4 6 3 
0. 2 1 3 7 9 1 1 
0. 6 3 6 7 5 8 3 
- 0. 5 7 2 8 7 8 6 
- 0. 0 4 8 4 1 1 4 

0. 5 7 7 2  0. 7 5 4 0  
P = 0. 0 0 9 

* M ar k ers ar e n or m ali z e d t o b et a- a cti n m R N A e x pr essi o n ( ∆ C T)  1 0 4 



A C C E P T E D M A N U S C RI P T

1 2

S u p pl e m e nt al T a bl e E 8. A n al ysi s of p r o g n osti c v al u e of t h e s p ut u m 6 G S f o r di s c ri mi n ati n g 1 0 5 

p ati e nt s w h o e x p e ri e n c e n o n e o r s o m e t ot al ( m o d e r at e a n d s e v e r e) ast h m a e x a c e r b ati o ns i n 1 0 6 

f oll o wi n g 4 8 w e e ks 1 0 7 

M ar k er *  L o gi sti c R e gr e s si o n  

C o n st a nt  C o effi ci e nt  M o d el P 
v al u e 

A U C 
( 9 5 % CI) 

Pl
ac

e
b
o 

gr
o
u
p. 

N=
73

 (
52

/7
3, 

7
1.

2
% 
t
ot

al 
ex

ac
er

ba
t
or

s)
 I n di vi d u al 

A L P L  2. 7 4 4 9 6 4  -0. 2 7 5 0 2 3 7 0. 0 1 8 4  0. 6 8 9 6,  
p = 0. 0 1 5 

C L C  1. 0 4 4 8 7 8  -0. 0 1 5 1 4 9 7 0. 8 6 7 6  0. 5 2 3 8  
P = 0. 7 7 6  

C P A 3  0. 9 9 0 4 3 2 5  -0. 0 0 8 4 1 8 2 0. 9 3 4 4  0. 4 7 0 7 
P = 0. 7 0 3 

C X C R 2  1. 5 4 3 6 5  -0. 1 1 7 1 1 5 4 0. 3 3 2 6  0. 6 2 0 0  
P = 0. 1 2 5 

D N A S E 1 L 3  0. 9 0 5 3 0 0 8  0. 0 0 0 1 2 1 8  0. 9 9 9 3  0. 5 1 5 6  
p = 0. 8 4 7 

I L 1 B 1. 4 3 3 0 1 1  -0. 1 6 5 0 8 5 1 0. 2 6 0 6  0. 5 9 2 5  
P = 0. 2 2 2 

C o m bi n ati o n  

6 G S  A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

1. 8 2 7 3 6  -0. 3 7 6 6 0 4 9
0. 0 0 7 7 0 0 7
- 0. 0 3 3 8 9 9 4
- 0. 0 0 1 4 9 3 3
0. 1 2 3 9 2 5
0. 1 2 9 4 3 7 9

0. 3 8 6 2  0. 7 1 0 6  
P = 0. 0 0 3 

AZ
M 

gr
o
u
p. 

N=
69

 (
32

/6
9, 

4
6.

4
% 
t
ot

al 
ex
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er

ba
t
or

s)
 

I n di vi d u al 

A L P L  0. 1 2 7 7 5 5 7 -0. 0 4 1 5 6 5 0. 7 4 6 3  0. 5 0 2 5 
p = 0. 9 7 2 

C L C  0. 1 6 1 3 0 8 6 -0. 0 3 0 9 7 2 2 0. 7 3 7 6  0. 4 9 7 5  
p = 0. 9 7 1 

C P A 3  - 0. 2 1 0 2 3 3 6 0. 0 0 6 2 9 6 9  0. 9 4 7 6  0. 5 1 9 4  
p = 0. 7 8 5 

C X C R 2  - 0. 7 6 7 7 1 8 9 0. 1 1 8 2 7 6 9  0. 3 5 0 1  0. 5 7 9 4  
P = 0. 2 5 9 

D N A S E 1 L 3  - 0. 6 8 4 3 0 7 1 0. 0 4 7 0 3 4 9  0. 6 9 5 9  0. 5 3 4 6 
P = 0. 6 2 7 

I L 1 B  - 0. 3 9 0 3 9 6 5 0. 0 7 8 9 1 4 4  0. 5 3 4 5  0. 5 4 5 6  
P = 0. 5 2 1 

C o m bi n ati o n  

6 G S A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 

I L 1 B 

- 0.5 1 8 3 4 9 5 -0. 6 4 1 4 8 8 8
- 0. 0 5 2 2 4 1 1
0. 0 0 0 4 4 2 1
0. 5 6 2 9 4 6 1
0. 1 6 1 8 6 6 1
0. 0 8 8 0 8 3 6

0. 3 5 7 6  0. 6 8 1 6  
P = 0. 0 0 5 

* M ar k ers ar e n or m ali z e d t o b et a- a cti n m R N A e x pr essi o n ( ∆ C T)1 0 8 



A C C E P T E D M A N U S C RI P T

 1 3

S u p pl e m e nt al T a bl e E 9. A n al ysi s of di a g n osti c v al u e of t h e s p ut u m 6 G S f o r di s c ri mi n ati n g 1 0 9 

p ati e nt s w h o e x p e ri e n c e i nf r e q u e nt o r f r e q u e nt t ot al ( m o d e r at e a n d s e v e r e) ast h m a 1 1 0 

e x a c e r b ati o ns i n f oll o wi n g 4 8 w e e ks 1 1 1 

  M ar k er *  L o gi sti c R e gr e s si o n  

 C o n st a nt  C o effi ci e nt  M o d el P 
v al u e 

A U C 
( 9 5 % CI) 

Pl
ac

e
b
o. 

N
=7

3 
(3

6/
73

, 
4
9.

3
% 
fr

e
q
ue

nt
 t

ot
al 

ex
ac

er
ba

t
or

s)
 

I n di vi d u al      

 A L P L  1. 3 7 5 8 4  -0. 2 1 8 7 0 1 1  0. 0 4 9 5  0. 6 5 6 9  
P = 0. 0 1 8 

 C L C  2. 2 8 7 9 6 5  -0. 2 5 5 5 6 1  0. 0 0 4 2  0. 6 9 5 9  
P = 0. 0 0 2 

 C P A 3  2. 5 5 7 1 5  -0. 2 6 0 7 4 2 4  0. 0 0 8 9  0. 6 5 6 9  
P = 0. 0 1 5  

 C X C R 2  0. 9 7 5 7 1 0 4  -0. 1 8 8 9 4 8 6  0. 1 0 2 1  0. 6 0 8 1  
P = 0. 1 1 2 

 D N A S E 1 L 3  3. 4 1 5 7 4 2  -0. 2 9 5 6 4 1 7  0. 0 3 1 6  0. 6 4 0 4  
P = 0. 0 3 3  

 I L 1 B 0. 4 1 3 4 5 1 1  -0. 1 4 3 3 3 1 7  0. 2 8 2 0  0. 5 5 4 8  
P = 0. 4 2 5 

C o m bi n ati o n       

6 G S  A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 
I L 1 B 

3. 8 6 4 9  -0. 1 7 2 6 8 1 4  
- 0. 1 4 8 1 6 7 6 
- 0. 1 7 0 4 5 5 5 
- 0. 1 1 2 0 2 1 2 
0. 0 4 4 9 4 4 1 
0. 0 9 8 5 9 7 1 

0. 0 6 4 0  0. 7 0 5 7  
P = 0. 0 0 1 
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M 

gr
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p. 

N=
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 (
20
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0
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er
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t
or
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I n di vi d u al      

 A L P L  - 0. 9 9 6 8 2 5 8 0. 0 1 5 3 0 2 6  0. 9 1 3 7  0. 5 3 7 8  
p = 0. 6 3 5 

 C L C  - 1. 1 5 7 1 3 1 0. 0 2 6 2 6 1  0. 7 9 7 3  0. 5 6 3 3  
P = 0. 3 9 5 

 C P A 3  - 0. 6 7 8 8 1 2 8 -0. 0 2 1 0 9 2 1  0. 8 4 0 9  0. 4 7 9 6  
P = 0. 7 8 4 

 C X C R 2  - 1. 4 6 3 4 5 7 0. 1 0 6 4 6 8 6  0. 4 4 5 2  0. 5 7 0 4  
P = 0. 3 7 9 

 D N A S E 1 L 3  - 0. 8 9 5 0 5 1 9 0. 0 0 0 0 9 0 5  0. 9 9 9 5  0. 4 7 6 5  
P = 0. 7 6 2 

 I L 1 B  - 0. 7 4 0 6 0 6 6 -0. 0 5 0 8 4 0 3  0. 7 1 5 3  0. 5 3 7 8  
0. 6 2 5 

C o m bi n ati o n       

6 G S  A L P L  
C L C 
C P A 3 
C X C R 2 
D N A S E 1 L 3 

I L 1 B 

- 0. 9 9 7 0 8 0 8 -0. 2 5 8 4 8 3 6  
0. 0 9 1 4 0 5 1 
- 0. 0 9 9 0 9 4 1 
0. 4 1 0 6 9 1 8 
0. 0 1 9 3 9 6 6 
- 0. 1 6 2 3 1 1 3 

0. 8 2 8 3  0. 6 2 6 5  
P = 0. 0 9 7  

* M ar k ers ar e n or m ali z e d t o b et a- a cti n m R N A e x pr essi o n ( ∆ C T)   1 1 2 



A C C E P T E D M A N U S C RI P T

 1 4

S u p pl e m e nt al T a bl e E 1 0. C o m p a ri s o n of di a g n osti c v al u e of s p ut u m 6 G S vs P B E & F E N O f o r 1 1 3 

ast h m a ai r w a y i nfl a m m at o r y p h e n ot y pi n g 1 1 4 

 1 1 5 

P h e n ot y p e  6 -G e n e Si g n at ur e  P B E  P v al u e  
6 G S v s P B E 

E A v s N E A  
N = 1 3 9 

A U C = 0 . 7 6 8 4 
P < 0. 0 0 0 1 

A U C = 0. 7 5 9 1  
P < 0. 0 0 0 1 

0. 8 5 8  

E A v s N A  
N = 7 9 

A U C = 0. 9 2 9 4  
P < 0. 0 0 0 1 

A U C = 0. 7 1 5 9  
P = 0. 0 0 1 

0. 0 0 2  

E A v s P G A  
N = 1 1 8 

A U C = 0. 7 6 3 6  
P < 0. 0 0 0 1 

A U C = 0. 7 7 2 6  
P < 0. 0 0 0 1  

0. 8 7 3  

    

P h e n ot y p e   6 -G e n e Si g n at ur e  F E N O  P v al u e  
6 G S v s F E N O  

E A v s N E A  
N = 6 7 

A U C = 0. 8 1 5 2  
P < 0. 0 0 0 1 

A U C = 0. 7 2 6 8  
P < 0. 0 0 0 1 

0. 2 4 2  

E A v s N A  
N = 4 1 

A U C = 0. 9 5 6 9  
P < 0. 0 0 0 1 

A U C = 0. 7 6 1 5  
P = 0. 0 0 1 

0. 0 1 5  

E A v s P G A  
N = 5 5 

A U C = 0. 8 3 8 3  
P < 0. 0 0 0 1 

A U C = 0. 7 1 4 7  
P = 0. 0 0 3 

0. 1 3 6  

 1 1 6 

 1 1 7 

  1 1 8 



A C C E P T E D M A N U S C RI P T

1 5

S u p pl e m e nt al R ef e r e n c es 1 1 9 

1. J o o s  G, O' C o n n or B, A n d ers o n S, C h u n g F, C o c k cr oft D, D a hl é n B, et al. I n dir e ct air w a y1 2 0 

c h all e n g e s E ur R e s pir J 2 0 0 3; 2 1: 1 0 5 0- 6 8.1 2 1 

2. A n d ers o n S D. I n dir e ct c h all e n g e t est s: Air w a y h y p err es p o nsi v e n e ss i n ast h m a: it s1 2 2 

m e as ur e m e nt a n d cli ni c al si g nifi c a n c e. C h e st 2 0 1 0; 1 3 8: 2 5 S- 3 0 S.1 2 3 

3. J u ni p er E, O' B yr n e P, G u y att G, F erri e P, Ki n g D. D e v el o p m e nt a n d v ali d ati o n of a1 2 4 

q u e sti o n n air e t o m e as ur e ast h m a c o ntr ol. E ur R e s pir J 1 9 9 9; 1 4: 9 0 2- 7.1 2 5 

4. Si m ps o n J, S c ott R, B o yl e M, Gi bs o n P. I nfl a m m at or y s u bt y p e s i n ast h m a: ass e ss m e nt a n d1 2 6 

i d e ntifi c ati o n usi n g i n d u c e d s p ut u m. R e s pir ol o g y 2 0 0 6; 1 1: 5 4- 6 1.1 2 7 

5. Br uss ell e G G, V a n d ersti c h el e C, J or d e ns P, D e m a n R, Sl a b b y n c k H, Ri n g o et V, et al.1 2 8 

A zit hr o m y ci n f or pr e v e nti o n of e x a c er b ati o ns i n s e v er e ast h m a ( A ZI S A S T): a m ulti c e ntr e1 2 9 

r a n d o mis e d d o u bl e- bli n d pl a c e b o- c o ntr oll e d tri al. T h or a x 2 0 1 3; 6 8: 3 2 2- 9.1 3 0 

6. R e d d el H, T a yl or D, B at e m a n E, B o ul et L, B o us h e y H, W W B, et al. A n offi ci al A m eri c a n1 3 1 

T h or a ci c S o ci et y/ E ur o p e a n R e s pir at or y S o ci et y st at e m e nt: ast h m a c o ntr ol a n d1 3 2 

e x a c er b ati o ns: st a n d ar di zi n g e n d p oi nt s f or cli ni c al ast h m a tri als a n d cli ni c al pr a cti c e. A m J1 3 3 

R e s pir Crit C ar e M e d 2 0 0 9; 1 8 0: 5 9- 9 9.1 3 4 

7. J u ni p er E, B uist A S, C o x F M, F erri e PJ, Ki n g  D R. V ali d ati o n of a st a n d ar di z e d v ersi o n of t h e1 3 5 

Ast h m a Q u alit y of Lif e Q u esti o n n air e. C h e st 1 9 9 9; 1 1 5: 1 2 6 5- 7 0.1 3 6 

8.  Gi bs o n P G, Wl o d ar c z y k J W, H e nsl e y MJ, Gl e e s o n M, H e nr y R L, Cri p ps A W, et al.1 3 7 

E pi d e mi ol o gi c al ass o ci ati o n of air w a y i nfl a m m ati o n wit h ast h m a s y m pt o m s a n d air w a y1 3 8 

h y p err e s p o nsi v e n e ss i n c hil d h o o d. A m J R e s pir Crit C ar e M e d 1 9 9 8; 1 5 8: 3 6- 4 1.1 3 9 

9. B ai n e s KJ, Si m ps o n J L, W o o d L G, S c ott RJ, Gi bs o n P G. Tr a ns cri pti o n al p h e n ot y p e s of ast h m a1 4 0 

d efi n e d b y g e n e e x pr e ssi o n pr ofili n g of i n d u c e d s p ut u m s a m pl e s. J All er g y Cli n I m m u n ol1 4 1 

2 0 1 1; 1 2 7: 1 5 3- 6 0, 6 0 e 1- 9.1 4 2 

1 4 3 




