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compounds that activate adenylate cyclase or inhibit phosphodlesterase should be effective

in suppressing the inappropriate activation of airway smooth muscle and a wide varicty of

inflammatory cells. The principal cellular mechanism for the inactivation of cAMP is

hydrolysis of the 3'-phosphodiester bond by one or more of a family of isozymes referred to
30  as cyclic nucleotide phosphodiesterases (PDEs).

It has been shown that a distinct cyclic nucleotide phosphodiesterase (PDE)
isozyme, PDE4, is respons1ble for cAMP breakdown in airway smooth muscle and
' mﬂammatory cells. [Torphy, "Phosphodiesterase Isozymes: Potential Targets for Novel :

Anti-asthmatic Agents" in New Drugs for Asthma, Bamnes, ed. IBC Technical Semccs Ltd
35  1989]. Research indicates that inhibition of this enzyme not only produces airway smooth

muscle relaxation, but also suppresses degranulation of mast cells, basophils and

neutrophils along with inhibiting the activation of monocytes and neutrophils. Moreover,
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A second aspeqtii ey we AitkEd Lkl Soafh Skl I s Blenli Gl ER R g
pul monary  di seS®Entalpdminispten is CosHp e PrERYRINPEect i ve anount of a
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by thi s i nvint i st el g sl e Rllmbeafors SR ehetros e R
st eroi dal anti -¥fPFdmmmatory agent to prevent onset of a pul nonary 25
-di sease event etdil sexiptioradd theivedtiong condi tion. The conpounds nay be

admi ni stered toget BRY cobBingion HAGhFeofteRALE ty il Thvediont bW gdmi ni stered
as two di fferer];D ulatio o 4 I eveséoﬁéggﬁr‘ls%?%! Jgl‘rgtgrll %% To

f.ornul ati ons. whi ch _nmay bé t
illustrate,_ both Eér“g"g’;bémrn“ﬁé‘ atfg"’bdfof\??'ﬂ‘é‘ﬁ"‘%?%rﬁ%éttt‘él"?‘&ts‘mﬁ of[2 PPiEPRAN ati ons, or
one may be Zh dlisssse prentpatosrest gmexisting qonditiast Abe compounds may hbadmdmitieredor  bot h may
be provided in egetherthabifge dbesgefobir 08 thel ARY bddMhinRereadiindidgtRied at the 30

zﬁ-gﬁ taIS rTSVh o rOe E)fﬁlg%lam wnﬁh ﬂ%e%e%&gg of QIfi%leIith g6 ill%sltxgt%,ebo{h%n}gé rrnTEy b% I;)rol;%trzg) tely,
separately as oral formulations, or one may be an oral preparation and the other as an

inhalant, or both may be provided in an inhaled dose form. They may be administered at the

30  same time. Or they may be administered either close in time or remotely, such as where one

drug is administered in the moring and the second drug is administered in the evening.
The combination may be used prophylactically or after the onset of symptoms. In
some instances the combination(s) may be used to prevent the progression of a pulmonary
disease or to arrest the decline of a function, such as lung function.
35 The PDEA4-specific inhibitor useful in this invention may be any compound that is
known to inhibit the PDE4 enzyme or which is discovered to act in as PDE4 inhibitor, and
which arc only PDE4 inhibitors, not compounds which inhibit other members of the PDE
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PDE4. | niti aP0 exgndingpsm Petaidyof thigrrak e eypninEramplehbdleh and validate a
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the low affinity acti vi t roduct, yeast

B RRDE 36t Blared st 5Pt b
ver e transf or med™HBrasass e"pfféi‘?{‘o%’j H’a‘f &ss Rlayed qven s S PO FERPREIR  PDE 4
was foll owed overerigl GVestemiblof aelysiyusiag proaptibodpdiregtdd aggipst PBE A indicyed thavtey si s
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grow h. In addi t%r greate 3t | nununQreactive product was in
the hi gh speed (100,000 x g) supernatant of yeast lysates. [“H]R~(-)-Rolipram binding and PDE activity

were monitored along with protein expression. PDE 4 activity was co-expressed with
rolipram binding activity, indicating that both functions exist on the same gene product.

30  Similar to results with the Western plot analysis, greater than 85% of the rolipram-
inhibitable PDE activity and [3H]-rolipram binding activity was found to be present in the
yeast supcmataht fraction.

Overall, most of the recombinant PDE 4 expressed in this system exists as LPDE 4
and only a small fraction as HPDE 4. Consequently, inhibition of recombinant PDE 4

35  catalytic activity primarily reflects the actions of compounds at LPDE 4. Inhibition of PDE
4 catalytic activity can thus be used as an index of the potency of compounds at LPDE 4.
The potency of compounds at HPDE 4 can be assessed by examining their ability to
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one at which r8FFp “zgﬂfil é‘PB%\‘}ve’&?tﬁgP AT "g‘re?ﬂﬁ‘@? 0”855@"%5‘?1}"@% of 1qliBMpet ween

high affinity afblr‘g@ﬁ“ﬁ{;}mam!h * ligb adfirfitiy whileythaitired bindy thesscoppamndsarit ailew was

concl uded t hat affihiey. SAR)rfeiGﬁed PIDEhlixJBibItérQ&' ued in MisOhvetfoh i Ee)fhoke?d?)qn &ughd Pram

bi ndi ng vvaq5d| %/Bilcﬂ]ﬁatve I\ £a91@r); Herg) tioo rl ebh&g m?r%s Wfl)lci} prTr}erennfﬂYy:[ \l?]@blbwngolc IOIF‘)I[:naS‘m

bi ndi ng site. | S. NOwW
on human rronocfl‘t“’éy“"raﬁ’d’ﬁfh’ﬁﬁ“’ffa‘r‘ﬁ °“F>E5E ‘54“‘ the ﬁBE“H) b%s PRt a fovAffiniity.or s
i nteract. One Qmpbmatcmeme fide effetrewisch apipemtly &t lindkedtoiithibitiag the fifilvhigh exi sts i n

two distinct femdFolgaew m%.@ |A&1&S§m/a§vtorsﬁlclﬂl?{@{i§httmféil.%ﬁ'bllfy| line with
e

i

a high affinit Whl| w_affinity.
The preferred §p§’°mlatql?| f&e ateﬁ af‘%ﬂ‘%ﬂolf“lﬁlgop ose

conpounds #8 V\A"n"ﬁﬂytﬁé‘?@ which hindy ralfryant iy acjisbaftiny #’&'ﬁ?@? the @50, fordkrrfpmunds  whi ch
preferenti al | ywhilnbibdstrolipAiRvithaadvedfiiityc activity where the enzyne is in the

formthat binds rol AWrtﬂgpré/HnLrpenﬁnflﬂ'ﬁﬂtaﬂga;d lglhgydonemgge%% Pb%g%v\;{?ﬂg'hg he SI de
ef fects which grpﬁ:aren tl t he

rolipramwith E]f?“‘é?t%gf’?ﬁt 6 g or gﬁﬁ‘?ﬁf ﬁ"é$’ a\}\%ﬂf/ “’F Ba“g P‘g{hé 1Gsp valus fer coppgting h e
preferred conpdifhihs bipging °fHaMef BHIR-©imam tetai formof PRB é whiclibidds oolipgmedther as
r e%ar ﬁs ]E Parsr: tCEQh hffinityt e tRDEso vaRle fbr MmAibighgy/thi ﬂ)ﬁmmyMcMy bf Jr‘]rdz%n ‘mg+h: pr gm x E E
: I l)\g/]v ar?f | In| t ylgmﬁg erlled:ﬁrﬁwﬁVa lL‘P?fglél%Qmé P{m&oﬁﬁ ar 5 su {ehgﬁmg Oge
wherein the PDFEV®Y efm%tilof‘é‘f‘ ﬁ&gls test can be found in co—pendmg u.s. appllcatlon 08/456274
filed 31 May 1995, the text of which is incorporated herein by reference to the extent that
text is necessary to the practice of this invention.
30 Examples of useful PDE4 inhibitors are:
(R)-(+)-1-(4-bromobenzy])-4-[(3-cyclopentyloxy)-4-methoxyphenyl]-2-pyrrolidone;
(R)-(+)-1-(4-bromobenzyl)-4-[(3-cyclopentyloxy)-4-methoxyphenyl]-2-pyrrolidone,
3-(cyclopentyloxy-4-methoxyphenyl)-1-(4-N'-[N2-cyano-S-methyl-
isothioureido]benzyl)-2-pyrrolidone,
35 cis 4-cyano-4-(3-cyclopentyloxy-4-methoxyphenyl)cyclohexan-1-carboxylic acid];
cis-[4-cyano-4-(3-cyclopropylmethoxy-4-diflucromethoxyphenyl)cyclohexan-1-ol];
(R)-(+)-ethyl [4-(3-cyclopentyloxy-4-methoxyphenyl)pyrrolidine-2-ylidene]acetate;
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an 1 C50 ratio of about 0.1 or greater; said ratio is the ratio of the 1C50

val ue for eeopgiifg wth the binding of 1nM of [3H R-rol p@faéhekelis f or m of
PDE 4 which binds rolipramwith a 25 high affinity over the IC50 vaI ue for

inhibiting the PDE4 catalytic activity of a formwhlch binds rolipramwth

a low affinity using e - C as the u her. review
expl anation with of éﬂ? e@élgmﬁg'h"%%xﬁj a‘°‘*‘°"”% &me'%y]gu‘m;?fbftf *cat i on
08/ 456274 filed 31 WPI@%MIFH@S%PB&“ lalpblmw@rvhwepm%om? aftezagtetibanei n by
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I nvention. 30 EX&HB&E&S aQquuls -4—(5) ﬁ) Eﬂ?ﬁ&g I?Eh%xﬁﬁtﬁ&l)cyclohexan-l-carboxy]ic
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S,- 37’8'5 hz)xypgle ] acy, %) 5%?"6% é:ya:%-4-(9—€yc?op%pﬁmz thoxy-4-
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ingbt ﬁl (() ﬁ?'g: gg]egg Shsd¥otetho e‘ﬂﬂ ymﬂmh)onl méséarNexa{nHZs&‘)éaﬁﬁmﬁsWﬁfcthhd

4- cyano- 4- ( 3- cyclf“fz)%%ﬁ @ﬂtgékl “ ufnﬁ%indm it d)Wh"zhlh ¥ 8% 1690 PR SE LT FHE™ aci d] ;

ci s-[ 4-cyano- 4- ( 3- cy&ovm"BWFfﬁé&thﬂ/PWIq%Fﬁ?ﬁ?lmtoﬁéwyn%%cﬁél ohexan- |
-ol']; (R - (10 - epakeyid and the Eotpbiyhiat ib fisdiistsl aexifcorborated herein in full by reference. The

met hoxypheny! ) pyn ggi FH' &%n.ﬁu%'nltéi@sp%ﬂﬁﬁtd@a&ed inUs. WP 3553238 G cis4-cyano-

PCT/ Us- 00/ 30113
[ 4- (3-cycl opent y} Y°A°%%¥‘ﬁ‘(¥k§/b‘ﬁ'8ﬂ9’?*) BYsRrarscaopic dard s sl e Most
preferred are thpséndEpkysicahfors.t ors which have an 1 C50 ratio of greater

than 0.5, and partiQ!W@Jii-mtf}ms&treaﬁmmmd&ahmBmamaﬁﬁmafaﬁm&b:er t han
1. 0 Pr ef err%j c W%&! ghf(‘f9$8 (Alb§P98)’a9ft1’mZ§gT enine derivative nom natch S-613

4- cyano 4- (3-cycl open cycl ohexan-1 -car lic 5
aci d, 2-car borretﬂ%%”@ Wﬂ% Gom Ghisosgigher gk $rplpyeRnaPengodiazepine PDEA

di f | uor onet hoxy pialabier Jdenpifibdds €%-2018 (PD-168287; &nld:—Davns/Wamer—Lambert), a benzodioxole
Elsf I[ 4- cyan;)h4 (3%eﬁya@|:v o%ﬂkﬁ%ia&b’syd WO 9916766; V-11294A from Napp (Lafnde]ls,LJ g

i fl uorone oxyp enyl jc e ; r onmpounds
whi ch bi nd ref € %r)k %ﬁgg’f‘" ﬁgeéﬁrﬁmsr]ps?‘f@ﬁ&?g% Een vaﬁmsfl[% ézr{g" I ch have
an 1C50 ratié° f28® Apst@r393} enflumilast (EARFSRFRISNG 4‘8[??-3?%1' ePtalazinepe(O 5 552 438
i ssued 03 Sept en”éTSOS)m&yk‘Gnldsn, oxiz()copmmmtdexatﬁehdsﬁw@mamumb&ku,mdl(scl oses

are incorporat edetaxeyp»annacmfx Her,bgpsrz@im €426 Any dildSr allCP TR Wb oBEds Ry & CUl ar
I nterest, which 'Sld% ent 5,552,438, is cis-4-cyano-

4-[ 3- (cycl openty ox;?:néf%% Wr°°essﬁes°"t10?£yc'f ohexane | -carboxylic acid and
its salts, esters, pseiral gpecifie copmpgundesst out abpyegvhichgdgnot bavp g genpricomiralst r a
(Hofgen, N. 2% a:lame tdntvl mideie the Piocdssed deshitdd Inlee pantifg IS, pateht abplitRtiondo8sSMOUr gh)

1998. Abst P. 98)ssz@szgﬂpﬁa%iél’gﬁﬂ‘?@z“@sﬁ%sbvm hl‘é&d&%&%&dﬁﬁsé%@o filkd NSERM) ;

o ot or 1 dent | TOAPRISts w9 VRSN el 1] pes 8O-k o8 BAE eegEr U armber ) s

benzodi oxol e  depatentts Floimingpoerity fepk éns orhinere pishesehpplivatings. Fag6HE@se V- 1 1294A
from Napp (Landelpbfoatidas ér-related patents is incorporated herein by reference in full as if set out in this

30 document.

The steroid agents useful in this invention are oral and inhaled corticosteroids and
their pro-drugs which have anti-inflammatory activity. Examples of these steroids are
methyl prednisolone, prednisone, dexamethasone, fluticasone, beclomethasone, budesonide,
flunisolide, mometasone furoate, and triamcinolone acetonide. Methyl prednisolone and

35  prednisone are oral and injectable forms of anti-inflammatory corticosteroids; they are
available from numerous branded and generic pharmaceutical companies. Beclomethasone
dipropionate is sold as an aerosol for inhalation under the names Beconase® and Beconase
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et al. Eur Resp J [Annu Cong Eur Resp Soc (Sept 19-23, Ceneva) 1998] 1998,
12( Suppl . wR@12827 Abst P2393); roflum | ast (CAS referencechosobfeyddl- 32- 3)

and a pthal azinone (WO 9947505) from Byk-Gul den; or a conpound identified
as T-440 (Tanabe Seiyaku; Fuji, K et al. JPharmacol Exp Ther, 1998,

284(1): 162). AR® 1)tax8 WellbdmeO FrlidS&aepeRPRRUNS SR mth%m%g.'gggg,g“efit from

the process desgcri herein. ~The.several specific conpoun out above
whi ch do not h§§’é°§,%8‘é’ﬁ‘éﬁ?ﬁ°rﬁoﬂ.n?’?"§’8§m%‘Wg‘ﬁ’és% 'ﬁ_%‘@“ﬁ%ﬂ@nﬁﬁf’hﬁ’ﬂ‘é“eﬁrocessed
described in céepunaiiaserot/®3s 2 pasal eprey g pirosol Flupiselide/BIMd 286R5aD@Btiba | ed 30
g% Oger iggZ; LoNhSkatne Nhdalidd® dn@ﬂas&glm%%gf‘dhte) l&%%ggbﬁﬁéla?ﬁ&s&éﬁ’s idl €d 30
ober ; obe Q eir pregeny or
U.S. patent ?s) Q{}F%#%ﬁﬁé’ﬁ%ﬁ%%ﬁy*%gﬁ] g‘rllnemcoe}mcrar%’rhéc' o1t eRe ﬁ’ﬁ'?‘incati ons.
Each of these FPhgsphatecMpmeipsenedirodieis spldas theamonphydraiess 3 nasab proparatiombl her ei n by
reference in f StHeri@sCdrf uslaitheaudine Nasoriek® Budaonitkoie vetBivther iliaRd SérBdopteibdagent s
useful |0 i S ulf WFRkL R butlofirPliRheel A% bPh PR PR BRESL PlpdR paNd  Lhei T
pro-drugs which have anfi-inflammatory activity., anpl es of these steroids
are nmethyl pr 88‘?1‘%5’&”(5‘“ ohalgr deyies undsy the “H@FM??%E’&?&%‘% | OF picthese frues
becl omet had@ne andnaskbpreprrations or érhlioninischtilgformulatinstcasteiond inrtealoss editiod of
triantinol one ag@hpticle DedliRelthcePPORY SBliREFyMicAEHoRANELSPRRIAT € oral and

injectable forgs o ear}'grise- illgAa%mga%% egnotggfn%glgtt roids; they are available
from numerous branded ang’ generi c phar maceuti cal conpani es. Becl onet hasone
di pr opi onat e i $MRAGVYV-iesnesehs-copfiMam-asdMoptiiead linkedpeecsyersitiond) eortingsteraids
Beconase(r) anaoBetdendsdopmert abiBviGd/c38d BerusEAG fHisSOMSALDO Ark Set oAAGX Tablehy G axo
Vel | cone. Hlsuticasone propionate is solgyupder the name Flonase(r) by

d axo Wellcome as well. Triantinol cetonide is sold by Rhone-Poul enc
Roher under thhe—hare—Nasacornt (r)%@ﬁﬁ?ﬁm@;ray anrd—aerqsol .
Flunisolide iqDwmgd as a nasdlCompmapti on under t|Hedieatioe Nasdl i de(r) and
Nasarel TM by |ReebRschahfart Or|isckerndMxgRet hasone |iaghsol d 5 ag the sodi um
phosphat e sal t| by Medeva Phar{maceutical s, Inc. L%gﬁl‘ t he narfe Dexacori 7m
Phosphat e. Mnetasone furoatg 15 Sotd—as—thenonohydrate—as—a nasal
preparation byTofiSeepidei ng Cor 4 AsmafeRecs he nane Nad@#mar)  Budesonide is yet
anot her i nhal gdiceemidecost er i dByk-Galdel/ Recotdatgat i Ng aghthatonary di seases. It is
‘mar ket by AStr%ut?)l&@ﬂmstlac?lﬁfamel’-Lfmheﬁ/%N@, p?“‘_:%thrhgrhl?ﬁititsurt()hal er device
under the nang I-’ﬁl [COrTt rurgonarer(r). A t+—of—thesedrugs—10 and nasal
preparations gt PE#106044, hj-eqtaBis oyl } | in the 1999
edition of tHSTRA¢s| cians' DeESKTREf er ences ( PDResthpubl i shed by Medi cal

Economi cs Cor por at i @refenle SombRihtioh@iragiBik HEYof ohd I marads 4 loh&able on the
I nt ernet at htﬂtugc:a{_‘/q,fe y S cor%g}‘El il gf"]k"§m[;%3’!°Hj’lnked pages.

vwgvv.to scps. fr.alvai.n. asp?Mu=0 an
Addi tional cortlcoster 8?1‘5%"%%??8%;;‘_{??138@?‘?’ 389?3?’%%1’?@'5?‘“%5“‘9%‘&‘1‘? coul d be used
in this invent i'éAnc@pleneasetonid¢administtragwith ¢is 4-cyano-4-(3-cyclopentyloxy-4-

20  methoxyphenyl)cyclohexan-1-carboxylic acid, cilomalast (Ariflo®). A preferred therapy is

concomitant administration of the steroid as an inhalant and the acid in an oral dose form,
wherein each drug is administered once or twice a day. In regards to the acid, a controlled-
release oral tablet is most preferred.

It is contemplated that both active agents would be administered at the same time,

25  orveryclose in time. Alternatively, one drug could be taken in the mormning and one later in

the day. Or in another scenario, one drug could be taken twice daily and the other once
daily, either at the same time as one of the twice-a-day dosing occurred, or separately.
Preferably both drugs would be taken together at the same time.
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15 Table | Inhaled Corticosteroids Drug Conpany Indication nonetasone
furoate ScNE&P AP ough asthnma SAR rofl eponi de AstraZenemcx/gsgo/mones

ci cl esonide B k- Gul den/ Recordati asthma butixocort propionate

Waner - Lanbert/3M asthma/rhinitis RPR 106541 Rhone- Poul enc Rorer asthna
ST-126 SSP/ Torii ast mpr&eﬁrc&ﬁﬁﬁﬁ&%%m&ﬁﬁchm&ebﬁﬂla% mcﬂéa@&n@f one or

nor e of dexarret hasone e

flunisolide, ?gﬂ‘e r?ﬂefr oabtez%"rm“!l dasts’fm%‘{'nﬁglg%fags‘&ésfgé glcpraféasﬁdm ni st er ed

with cis 4-cy anop@a(agowmnwm;{?nyw will generally consist of a suspension or

met hoxyphenyl ) cy@luaheofaﬁcbm@aﬁdmxgdmsh@w cekrierCfor epatEple Ethanbl peaiut 6i(. blive. A

preferred thegap ' o n I an
oo BRAP AR R i WS 8 B

i nhal ant and ereln eac
adni ni stered o nc@“’b? aytafyet; anyphargyceutical qarigrypyfinely psed for preparipg solid @B‘i”r’t‘ﬁ“&'!sl ed-
rel ease oral tabistbeusednBeainples effsenhcgters intludesnagrgsitre stpdrad, eda dlbgtaldpot h acti ve

agents woul d be g,@m r;ka%iaesieeﬁcaaid @ ﬁémeaddlsﬁ@osc %:@&.e&ﬁrpys,&m?@tthbn ti rret )
ne ater in e

Al ternatively, taken in.t n

day. O in anot h@F‘“gjréégPéﬁFG“Y’B‘ﬁtg’emc n°nfsc?mga ’takeaﬂg"tleusé’é Gaily and the
other once @i | sforeméntibned camters in & hastglatin Fapmilclielly Yhersfthechmpasifipis intbeday  dosi ng
occurred, or _sepafbalit gkl ktapRlymbiaradesigscataodiat weakaprpagg her at

t he same tine. ?:%Pgrsxgns or 565 JE%ZO P({;'I{'%én %@Q}};} exﬂ}g ameg&eg%s, gémmpegnds and

pharmaceutically activ en gi'ven orally can be
formul ated as sy’f‘ma‘ss°ﬂ°&b?‘l§‘t%°'“°€5’ﬁ’§ﬁ1’@§” %?F‘?P? P g(fh?”el ease preparation or
| ozenges. A syrup f orTypik# piroweralidripogjiémesoatist of asohytiengr suspensionnf g pampoindn or

sol ution of yhe &ngu&dnlmqu&ﬁk Ernbﬁlaq%ecju’s &tictlopftiofally Eontafnitiz a @Xai@AIR, et hanol ,

peanut o1 O VSueuficlon, L ESL i BBl LB e LT 1O

agent. \Were the ¢C GSttTon 1rs
phar maceuti cal c%‘rs?sf‘“é‘?m‘r outinely used for preparing soli d for mul ati ons may
be used. Exanpl es of TWypicdcamphositicds for inhaddtintlge imigriosi ofimsabitieq s@&pasiot @rr a al ba,

t ﬁ' c, gel at in, aﬁﬂs%n%at ﬁ&ﬁ@ a,ﬁm@tsﬂe&ias a%;y%e;kbr or iRt RPA omdersmsﬂ@el ;N‘ler e
e conposi I or m,of rou nca ualon S
p ?8 oxE IQ,l:ﬁngonal g)rcﬁ)elt thsuchf6 ﬂ E}Pdﬁr'lédrgdarb% ns éuch as }n.cl'ﬂorof? orornD E‘?-,

sui t abl e, Ore rsn
gel atin caps ul e shel IPfethée @Wé“&l?ﬁf?bg‘f’ PPEinikjtors s 3 ‘P’i‘é d°$P$?rfPﬁ’b‘P°ha?s § of t
gel atin shell capbletopcapsule. Phralicseonidstaineicd aagsolidese, matd daepoydersedief @ r

prepari ng nasal spray is preferred

The active ingredient may be administered from 1 to 6 times a day, sufficient to
25  exhibit the desired activity. Preferably, the active ingredient is administered about once or
twice a day, more preferably twice a day.
The present compounds are useful for the treatment of exercise-induced asthma
(EIA), pollution-induced asthma (PIA) and cold-induced asthma (CIA}, both as chronic
conditions as well as intermittently, in anticipation of the stimulus in question. Preferably,
30  the present compounds are used for long-term therapy.
As for the amount of drug administered, it is believed that for the PDE4 inhibitors
will be administered in an amount of between 1 and 200 micrograms per day per adult
human. Steroids can be administered in conflormity with approved labeling.
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di spersi.ons or suspensions nmay be considered, for exanpl e aqueous guns,
cel l ul 0seWOo0dRR]cates or oils, and are incorporated i n BCHUSo03qed at i n
capsul e shell. Typical parenteral conpositions consist of a solution or
suspensi on of a conmpound 15 or salt in a sterile aqueous or non-agueous

carrier optionally contg{aﬁh’ Bg @h@ﬁﬁghmlaﬁﬂolﬁﬁ&%@@sa% |, for exanple
pol yet hyl ene gl ycol, polyvinylpyrroli g,(‘)ne1 l!A‘em thin, arachis oil or sesane
oil. Typical conpositions for inhal at in the formof a solution,
suspensi on or enul $plaied human magepyte BDE 4 ard hr RRE(eppn segombippnt PDFdeasr or in t he
form of an aer cisedmines ioegiseprinidfily Gothe/ oW affinitydorn r dREd, tha Bdtivisyutestas f | ur oi nat ed

hyd b f t for
the PORA § i b P apdtids bl InoR ofrify GHEL PR caf e SRb Bl S IR || O L0

the steroids a PrEPEAsaRYETHLEY °HB'§%“3 W@W?FWWPI%WW RHembgetabe. nasal
spray is pref erof Bidl. Them.,ol 2§ Npr3gptiIB-a804, 1983). be admi ni stered from| to 6

times a day, sufflcm;m,mghsgédeapahmm;ep@mag@ame%mmmﬁr eferably,
the active |ngred| ent °§[I'Eli'r tered ay, nore

u
preferably tw CBAPHORRSE °hP@“e I§t° PSP ﬁff§°‘§? %"“‘L’&Véﬁtf 2‘% g&‘(ﬁ"“‘i’ ‘he treat ment
of exer ci sell nditandayd asepy HW@“O’('SEY% modifisH from the published prockdurs toheudetiohlp)  and
col d-i nduced ashdWDE dsda) Apditiin] drcepsforthe Iad bfthe CAMT i SOINDITGis &S] E1715),3S

interm ttently,jfgenf 56}{“%M50RM@ n&ﬂﬁw%ﬁ[l*ﬁﬂo ,ﬁ&og,ﬂgégi ?ndrmjt:‘r]ef erably, 30

t he present co e_used term thera e anpunt of

drug adni ni ster ﬂmn]g?Sl %%g Neaf PRIV %86189?13?9%? &hefﬁ%’%f?fdﬁPﬁ|aE%9r§ TRG || be
admi ni stered i rreasvenarsotyrminatedd ahdhonedligand wem skp@@ed foine fresdigandwsimgayBratdyl per adul t

h ? n% 0% ngIiﬂZ(;&eEMeba @dmaag&;mmlgmmm,mg Y wiy atsJestseaqmaav&dmLﬁblel i ng.
- Sterase a ol 1 grarn
tE) mry ﬁQ&l{ %Q lt;i a{é% easurmg low ar}ﬁ)mv? I%ngét g}?act H)Iatg

Bi ndi ng Assays Exa SO nonocyt e “(human
reconbi nant PDEA \mm‘a@fe&«m ned to eX|st primarily in the low affinity
form Hence, the act|V|ty of test 5 cBmpplenfs against the low affinity form

of PDE 4 can beyassessfdrpisifi@ashandalghiassays for F’DE 4 catal ytlc

h ., J. of
Biol . Chem vl | 287 g st tneds I UIS A Rtk B e pong

supernat ant's weFwY tsietiribed buthe rpiicelAstershmpkis] Wtaﬁrw Ebtrhr'd"elnantl onners of
[3H -rol i pram wetiddcipr i@ paveltplites adrodi @ipérhiGre AL0.1 Wl b1Yeafon 256 cdalalnipyol . 10
Standard assay @@NGhlhARsnesmRILALLH 18 QR ANGRYDL Y ﬁlﬁﬁq fyocedure to be

identical to hll—‘ g’pg a3 éﬂ}é N(I:’( t1ons, 10gaxce of the cAMP:
50mM Tri s HCI ( ] 1pplc\lmdte\ 0 ﬂpmpmol) t.nzum. and various

concentr muns of the inhibitors. The assay was allowed 1o proceed for | hr and was

terminated by addinyg 30 ui of SPA yurum silicate beads in the presence of zine sulfare,
The plates were shaken and allowed 1o stand at room temperature for 20 min. Radiolabeled
product formation was assessed by scintillation spectrometry.
[3H |R-rolipram binding assay

30 The [3H]R-rolipram binding assay was performed by modification of the method of
Schneider and co-workers. see Nicholson. et al.. Trends Pharmacol. Sci.. Vol. 12, pp.19-27

(1991} and McHale et al., Mol. Pharmacol.. Vol. 39, 109-113 (199]). R-Rolipram binds to
the catalytic site of PDE4 see Torphy et al., Mol. Pharmacol., Vol. 39, pp. 376-384 (1991).
Consequently, competition for [3H]R-rolipram binding provides an independent

35  confirmation of the PDE4 inhibitor potencies of unlabeled competitors. The assay was
performed at 30°C for 1 hr in 0.5 ul buffer containing (final concentrations): 50 mM Tris-
HC], pH 7.5, 5 mM MgCl2, 0.05% bovine serum albumin, 2 nM [SH]R-rolipram (5.7x104
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mM MyC12, 50 microM 9-AMP and 1 nMof (3H]-rolipram (Torphy et al., J.

of Biol. Cwares2el . 267, No. 3 ppl798-1804, 1992). The ag&ysodess un for -1
hour at 30 C. The reaction was term nated and bound |igand was separ at ed
fromfree ligand using a Brandel 15 cell harvester. Conpetition for the
hi gh affinity bipnding,.sifie.was assessed under, conditions, that were
identical to tho‘Pe pl‘}gg Or o heasuring 1ow a {?l?bﬁg?ﬁ%'zg‘fﬁ?‘f"f??"asexpect
that [3H] - cAMP sigaBedbythe pidition af2.5 mhof fepiceld reaqion hudtan(itqwblFH]-Bfrolipram) and
Phosnhocl i est er asgid ¥aeiim/Alirafion BraifdE Calt Hirvdslel) thiGigh WhamyOGF/B Situtgtha hhB 11 | CAVP
SPA or [ 31l ]cG 4F, ﬁa@%ﬁé%ﬂ%ﬁ;ﬁ%ﬁﬁé T8 Afdrd D6FEiled Wi an actRBll £5-m)

(Arriersham Ljfe Sci ences eactlons were conducted In - cell

pl ates al room t¥EAARYEE fried, and ppupted vig liquid seingllation PEHOMAYS or  cont ai ni ng
(final concentrations): 50 tnmM Tri.s-1T3adiple2 . ill 7.5. t~ ntl] .41~ Cl2.
1.7 rnt %I EGTA. [ =HidiadthstiLbwdsre blhdibd Loticdfleroill ARS), P¥seFiighlz saig0 dpm prol
). enzynic and vari Oﬁsdzé goncentrations of the inhibitors. The assay was
all owed to proceed f&t ‘and_was _termnated by adding 50 ill of SPA
yttrium silicate headbisiwgs ¢ paspiRBJandomisse, placeho-conirolied, dosgymngipg stady wer e
shaken and ajd owed t evithtaanewedk singlerblind plaecbatron-in, 4 6veddouble-blilrhdi oi abel ed
product formation wa Tl 1. . 4y. 13MR-rolinram
bi ndi ng assay 30 The%f%a?rg??%?l?@aa%gﬁ%?dégka@?g&%ﬁ%ﬁ%r med by

modi fication of the FUAOHFTes hnei der and co-workers. see N chol son. et
al .. Trends Phar matoStudgpepulativesMalegr fempgie pajienty aged betveyn Hand VO bedrs et al . .
Mol . Pharni acol .. Vohyith381d td 29detkSasthikd) Who wereot ddpquattlytion@isleti On 1dwe

catal ytic si of P . I 9, pp.
376- 384 (199{5 . mﬁsﬁéﬁﬁiﬁﬁﬂm?‘*@%m&i?ﬁ%‘? @e %%Srr?’ i%g I &W‘%tg%{% %F'ﬁ"di ng
provi des an i ndependQWE°P§§a‘€)/?‘Pf‘?rF YA vesre eligibl Isirsreaured )Rb¥hci es of
unl abel ed conpet i t or 8 scridngXFEY w1 W&8% apd £ B pedicted f@Meighpage]seand n 0. 5 ul
buf 61 COntalT 10 (1 RO RIDIRAEH 2 Sonboilntd, © T
, 0.05% bovi u 1ol i .7 ,X -
e e

01/ 32127 PCTI USCQJ30 ) nd -varrous concen ]
non-r adi ol ab® ed i nhi’§pxsFreseding fhe baseline;visit tq\prsrandomiysg Jde symrlpEzewes t i on of
2.5 mM of ice-cold raéte¢valoablbpdtiess. (Wi thout [3H -R-rolipran) and rapid

vacuum filtration {Brandel welcseadhd ¥E36 8E s hftwaidln\Whatimg GFB filters that,
had been soaked in ilters v\erela*\‘%s ed with an

..3% pol yet hy| enl.gj ne. f
Radi i onal 7 5ot 5 SPOSBRGBE s PRI R0 oL one P By rE Pl
scintillation spectr owsdeseof IQSwang2ancg. Ci | onal ast/ Low dose | nhal ed
Corticosterodd (1 CS) Primmyyendpoinirhinge fSmybpgeline to endpoint in trough clinic expiratory

volume in 1 second (FEV), changes in clinic FEV every week and over a 4
hour period following first dose of double-blind medication.
s Secondary endpoints: use of rescue medicines and overnight symptoms.
¢ Tertiarty endpoints: clinic forced vital capacity (FVC), clinic peak expiratory
30 flow rate (PEFR), forccd expiratory flow at 25-75% (FEF25.75) and 75%
(FEF75), domiciliary PEFR variability, domiciliary PEFR, summary symptom
scores. |
Evaluation Criteria
The primary efficacy measure was defined as the change from baseline to
35 endpoint in trough clinic forced expiratory volume in 1 second (FEV1). Changes in
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Study Design: This was a phase |1B, random sed, placebo-controll ed,
dose-rangwRoRiddy’ 10 with a one-week single-blind pl acebgusdeRei®, a
6- week doubl e-blind treatnment phase and a one-week foll owup phase in
patients with mld/ rmderate asthma. Study popul ation: Male or fenale

atients aged bet npder at e ast hma, who
\R/ere not agequa e\,\%@ Nt ¢ ‘pf’ 318%% ab?ﬁ"hfg*o%é}é"s‘l% I"%H!‘Feﬂ’l“’é&]n"(S’E)PlE“F‘?:oster0| ds

(no greater thandswamu@ubmiodm&naawomwmgammadoeé@tamu&é bt val ent)
were eligible. |ent wer, e Fﬁgui red L" have screening FEV. 1 of >_ 50%
and <_ 80% precﬁ1 °H°’¥ PeoRdqry Rificacy yanables yereige o &ltaéedé{ﬁﬁl’ﬁ“?@%%r gr eat er
reversibility agbsist ah@b&rﬁg}agﬁﬂmsﬁyn@ﬁiiﬂsw&hﬁr@fefmﬁby vaRaldsShtSHoRad vk have a

summary synptom scor nore_ on out of 20 7 days preceding the
basel i ne visit %“B?é&‘g‘tr?dgm‘%ak °*PHé‘°§’aqﬁ‘5‘1 rate{PEER)forced gxpiratopnflarass e

patients. cil oFedses{FERGS. 79%@d5%t(Fﬁ=7 dork{diliAs), #@R@n&ﬁﬂnﬁ%oﬁﬂédx f or

weeks. Subjects were qon a nedian of 500 ntg of becl onet hasone equi vaI ent
al though the nEan Rogung3nd I°ES‘%§“’GB‘2‘YWW§PWQE§CWPH wmpgsiesesoPit : change

from basel i ne tdve@nMR@oMing Shdlove Baytitie BktEm & RbiHeAEtima second
(FEV1), changes in clinic %:EV I eve?yﬁ week ?)r(ld lgl\%ltgr iy h%graa%%‘rel od

follow ng fi rstasﬁﬁ’ée‘"%afledo‘iﬁ?ﬁﬁf’gerﬂldluﬁﬂ Congd ‘ﬁleaqe@hreathls&wn’dmssm@mm| nts: use

of rescue nEyi Gisth@s eRAErbRNGH Ricd | | clinic
forced vital capaci teé (FVO), cI?ﬁlg?b%%%%}s}g?%@%éﬁe#ﬁ%@g € (PEFR),

forced expiratory f sulfss; 75% ( FEF25- 75) and 75% (FEF75), domiciliary
PEFR variability,e dMISﬁﬁsInba‘arn}prd?EEdﬁt inSGIBAEEY | REARPLAMMTT 34846 $5 mEVal uati on

Criteria The pri mar ined as the change from
baseline to 35 end%l(l)olmr?[ml%?lﬁ%sr‘g% &q?p/{a Oﬂ%ﬁced expiratory volume in 1

second (FEV 1). ChaRgwenst pas do@-opfered for 88ugR FEVCK etdp@a¥ 1B04rbBsis cl i ni ¢ FEV 1
were al so apal ysed §¥gn%§£xﬂm‘6ﬁ>@&xe91fm¥ra&hﬁﬁ’\9'b€toﬁlEjpﬂg%ﬁéostéﬁe g hase and

over a 4-hour period i nmedi at el guse- bl i nd
medi cati on. Secondaly® ‘E’FWSFCSSQ;?CE\P&P‘TC&B’F%°W€!° epsrdlomlast Mveg BB/ nebul i sed

beta-2 agoni st and conaoRl Hiprds FRBRREKANE ﬁagﬁm ih@hded ahdbr BEV I GAGYuNAT 1 abl es

\(AIBDrEIe:R; or ]?g:’jc\e“dt Z‘Lp?r E ?-'Ek%:yh(a:ln:%/%%dxcxan anc!1 patlcnPg%abal asse?sln{cr?itsc?ol;'% f low rate

Example 3
20 Cilomalast/High dose Inhaled Corticosteriod (ICS) Study
Study Design:
* R, DB, PC, DR in patients with mild/moderate asthma on > 800 mcg of
beclomethasone
» cilomalast® doses were 5, 10 and 15 mg twice daily for 4 weeks.
25 e 2 week run-in.
* Primary endpoint: trough clinic FEV.
* Secondary endpoints: moming PEFR, symptoms, PEFR variability, evening PEFR,
clinic PEFR, FEF25-75, FEF75, rescue medication used.
Study Results:

30 * No statistically significant change in clinic trough FEV in any dose group was
noted in the ITT analysis

* No dose ordering was observed for the primary endpoint
* Trough FEV) statistically improved at 10 mg of cilomalast BID using repeated
measures analysis is patients excluded on < 800 mcg of ICS (0.16 L; p=0.009)
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25- 75% (FEF25-75) and 75% (FEF75), domiciliary PEFR variability,

dom ci | i ar wo d2kkf27 (morni ng and evening), summary synpt omm@n,gﬁlporrpom te
score of overnight, norning and overall daytime asthma), norning asthnma,
overal | daytine asthmg, |nhal ed corticosteroid use, cough wheeze,

br eat hl essness/ chest t ness ast h e tion.rates | obal
assessnents by the pﬁi% ﬁ‘ﬁzﬁ?{'&}‘?’ﬁemﬁa ﬁ’q @){33 ﬂgg‘(ﬂalg%d 16}51%8"%
statistical inpr oVerr@mObeh"“F mefopwqmmfcé&mwiﬁw ag trerefigetive gost 8lsol 5 g
cilomal ast BID vs pl a;ﬁelﬁem(nmﬁenl:ﬁlylsupeﬁereesm&z:) the RGP ARGFEWASlflOsec or dered for
trough FEV | at endpgi | TT analysis 15 Significant inprovenent in trough
FEVI (0.21 L; p=0.033 |f excl uded patients on |CS doses > 500 ncg of

becl amet hasofe whi eNDAPsETerRIRsgrelions B copld Q@Wr‘%@f‘ﬁa‘?‘isﬁb’“‘%‘ﬁﬁ’ﬁﬁrt for

cil omal ast 15 ng Bl Dddstyrbpectidal 4ndsimilar tepiévibys sddies.ci | i ary PEFR, FEF25-75 and
physi ci an and patient gl obal assessnent Tglgpr es Exarrpl e 3 20 G| omal ast/ Hi gh
dose | nhal ed Cortlcosterlod CS R DB, PC, DR in
patients wth mi | d/ moder at €=%®? _—elviv fFé¢fonct hasone

cilomal ast (r) d eidegendinitends studigs and 15 ng tw ce daily for 4 weeks. 25 2
week run-in.jp Prdy E&nemlmmk'ehmu peStadiésC FEV | . Secondary endpoi nts:
nor ni ng PEFR, syl ; G
FEF25- 75, FEF75,
statistically si
was noted in thd
primary endpoi nt §
cil omal ast BI D uj
800 ntg of I1CS (
(becl anet hasone)
Corroborative suj
al so came fromn
clinic FVC, PEFI

Asures ana yS|sl|s pati'énts exc uded on <
)09) -10 WD 01/32127 PCTI U. SO0/ 30113 | CS
from 100 to 4000 ncg and averaged 1136 ntg
of cilomalast BID as_the effective dose

10
el resul %% in t &84 hout? cli ni NOEVI ,
FALL

35 63.5 42.4 not done

NONE 56.9 42.6 not done

Legend: Data on cilomalast was taken from the protocol analysis in asthma patients on <

652 mcg of ICS. Data on montelukast (MT), budesonide (BDP) and both was taken from a

single study in the Singulair SBA that examined the effect of Singulair relative to inhaled
15  corticosteroids.

There are significant differences between the behavior of the placebo (Pbo) groups
in both studies. Conclusion is that cilomalast outperformed Singulair when added to low
dose ICS, despite the fact that the Pbo group also improved in the cilomalast study.

The foregoing statements and examples are intended to illustrate the invention, not

20  tolimitit. Reference is made to the claims for what is reserved 1o the inventors hereunder.
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5 No dose-response rel ationship could be determ ned, trough concentrations
wer e dos‘@oﬁy{‘)‘gb”rti onal and simlar to previous studi esPCTaISPe30r13Conpari son
bet ween conpounds in selected studies Allergen challenge studies 10 Corn

arative Data: Allergen Challenge Studies 1.3 12.3 10.7 22.9 +6.9 NONE 36.4
30.8 32 NO FALwhaiikcldmdd#©3.5 42.4 not done NONE 56.9 42.6 not done Legend:

Data on cil onal gst o] e protocol analysis in.asth patients
on < 652 ntg o? ' IC\g.ﬁ %Bg?‘g% g‘r’g“{‘r’%?rr?tpg?“&ﬁ?g%@s°€ﬁ¥?“%‘Bﬁ?%"s“ ?ﬁ acPén?“BBIs)r’rC%and bot h
was taken from &eresi mGiestivaampyntofp ROFA ighibitpn pndiap angsipflammptoresertispstraeid inhe

ef fect of Si ngulaaembired lfamh] semarataly, brsbatastly and Seqemtidlly dbat tk edqdéntial Ther e ar e
significant dif{ghgemsn PebNeSind RenRehahor of the placebo (Pbo) groups

in both studies.,, Conglusion jis.that cilo st. out performed_ Si ngul air when
added to | ow ddse |fi§,m38‘8§5ﬁaém? Wh"rT‘&g‘F gﬁ*\‘g‘f’h‘{"f?é‘slgﬁé'céarnfﬁﬂﬁ}al so i nproved
in the cil omal asyclopenydery-4Fhethokyphenyiyrlghesanalt-@rbexmlis acidhahd éheanpldesseiketed | Nt ended

to illustrate thB@mitk\esbtaBistingof dexadfitthdnd, Niichsohd, becBREBEERCKdbSnifRdEe t O the
clainms for what i§“@3§gL%qgm&: %a?aﬂ vent or s pereynder. -11 WO 01/ 32127
PCTI USOOY 30113 WSS DoRfideiragofte andinameingiope aceforidk "t reating a pul nonary

di sease by admnistering to a patient in need thereof an effective anount
of a PDE 4 inhibitor and an anti-inflammtory corticosteroid in a conbined
form separately, or separately and sequentially where the sequenti al

adm nistration is close intime or renote in tine. 2. The nethod of claim1l
wherein the PDE4 inhibitor is cis 4-cyano-4-(3-

cycl opent yl oxy- 4- net hoxyphenyl ) cycl ohexan-1-carboxylic acid and the steroid
is selected fromthe group consisting of dexamethasone, fluticasone,

becl onet hasone, budesoni de, flunisolide, nonetasone furoate, and

trianci nol one acetonide. 1111111 111210 ©111j1 11111121 1111 s w -12

LT
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