WO 2006/085102 PC /GB2006/000482 COMBINATION OF METHYLXANTHINE COMPOUNDS AND
STEROIDS TO TREAT CHRONIC RESPIRATORY DISEASES The present invention provides the
inhaled use of methylxanthine derivatives such as theophylline and steroid drugs in a synergistic
combination f; EQ, yre of a 5 medicament in the treatment of chroni',(éjix;é ' Y fiseases such
as chronic obg{?ﬁ%}eé p?ﬁmonary disease (COPD). The administration of a metf?y xanth%zz and a
steroid in comhjpation.adnipigiered yia-henhalpdsaute fas Ruimonarv-delivery. (fasylls in a
therapeutic syrergistieprimerasganti-inflammatory response. 10 Introduction Theophylline is an
inexpensive white crystalline powder used as an oral agent for chronic respiratory diseases such as
asthma and COPD. Aminophylline, or theophylline ethylenediamine, is a combination of theophylline

and ethylenedimrireecrbinymiiris nTidss Ho pnies urhebproiifeastipe darivetirgssusibrenchodilating
effect and a gpildanii-nllammatony effestiduedmnaiiie S aci4bsRsR Waakmanselgchve

phosphodiesterase (PDE) inhibitor. The drug has hitherto been characterised by a_narrow therapeutic
index, ami toREHF PR gdbit, ARSI §lg A0S RIS, cHISEASH o PUER r @ S HMGthmias, and
other complicstifamnstiie pumineeyidecinedCOBDICcah2GMihdsteics dDs ehubpicAabpisataty diseases,
such as inhaled beta-agonists,. inhaled .anti-cholinergics.and inhaled steroids, are often prescribed
instead of oral st'ﬁ’é%%ﬁ@%ﬁ?fgsgtlg%ﬁ%% |t%n§]c?é%?§ev§%%s. oév%er\?g% 0 rd%‘%grfﬂ%% r%isivggén limited
investigation tsEuie thethpreptetisomatizibes Mmsdthavpinfiamoiptoneressanstent of chronic respiratory
diseases such as COPD and asthma. 25 Although theophylline has been in clinical use for many
years, its molecular mechanism of action and its site of action remain uncertain. Several molecular
mechant€ms BrEedeFHAGve been proposed, including the following. 30 Theophylline is a weak and
nonselective inhibitor of phosphodiesterases, which break

Theophylline is an inexpensive white crystalline powder used as an oral agent for
chronic respiratory diseases such as asthma and COPD. Aminophyliine, or
theophylline ethylenediamine, is a combination of theophylline and ethylenediamine

15 and has similar properties. Theophylline is known to have a bronchodilating effect
and a mild anti-inflammatory effect, due in part fo its activity as a weak nonselective
phosphodiesterase (PDE) inhibitor. The drug has hitherto been characterised by a
narrow therapeutic index, and toxicity to this agent, marked by gastrointestinal upset,
tremor, cardiac arrhythmias, and other complications, is comimon in clinical practice.

20  Other drugs for chronic respiratory diseases, such as inhaled beta-agonists, inhaled
anti-cholinergics and inhaled stercids, are often prescribed instead of oral
theophylline to avoid its adverse effects. However, to date there has been limited
investigation of the therapeutic potential of inhaled theophylline in the treatment of
chronic respiratory diseases such as COPD and asthma.

25
Although theophylline has been in clinical use for many years, its molecular
mechanism of action and its site of action remain uncertain. Several molecular

mechanisms of action have been proposed, including the following.

30  Theophylline is 2 weak and nonselective inhibitor of phosphodiesterases, which break
down cyclic nucleotides in the cell, thereby leading to an increase in intracellular
cyclic AMP and GMP concentrations. Theophyliine relaxes airway smooth muscle by
inhibition of PDE activity (PDE2, PDE4 and PDES), but relatively high
concentrations are needed for maximal relaxation (Rabe, ef al. Bur Respir J 1999, 8:



down cyclic nucleotides in the cell, thereby leading to an increase in intracellular cyclic AMP and GMP
concentrations. Theophylline relaxes airway smooth muscle by inhibition of PDE activity (PDE3, PDE4
and PDEDb), but relatively high concentrations are needed for maximal relaxation (Rabe, et al. Bur

Respir J 1999, .8 WO 2006/085102 PCT/GB2006/000482 2 637-42). Thepdegiae,afidahk: inhibition is
very small at concentrations of theophylline that are therapeutically relevant. There is no evidence that
theophylline has any selectivity for any particular isoenzyme, such as, for example, PDE4B, the

predominant PRE jSoeRZmEININSBMRRICalschaimediniescaintiniiammiiopiylirffects in the
airways. Theophylline increases interleukin-#l) release, WkllléCh ha%g roa%s&}%gtwg gfnti-
inflammatory BfefE, ATERsHicA JHBEh ctRSTR I AP D E Rhibition, Altholigh this. has not been seen
at the doses tadotiratgffantivayn pstivniar (@beezyseat sidtergy 2001¢x20:86.188%43D). trheophylline
prevents the ranalogaion 8t e /R MAIANIBASCHR B 35Laf AL IRRRIRAIRRIIGR) (NF1B) into

the nucleus, tﬁrusopo%nhal_y reducing the expression” of inflammatory genes in asthma and COPD
(Tomita, &t atefeels RHbemiawayst 9099, 15 359: 249-55). These effects are seen at high concentrations
and may also be mediated by inhibition of PDE. It is likely therefore, that PDE inhibition is not a

mechanism of action of teophylline when administered at.low oral dos sééc]pmgl ). Theophylline is
also a potent M&%ﬁ%&%ﬁﬁaﬁ c@?ﬁpg’aﬁﬁ%%v‘éas c"iorgrcgeargtrS tions, wcl’l%!hagﬁtagonism of Al

and A2 recepiafanaliiongbifeiss|Gidseffect veyvayainetissd ote FioEsithibiliosl B, thich lint
Pharmacodyn Thet, 1995, 32 15 80)ThgiecReasonriahitionted tieppiylie menotherapy can

antagonise the BrohehoCoRStrictor activity of inhaled adenosine in asthmatics (CUshley et al, Am Rev
Resp Digéasé4981871-20).380-4). In addition, inhaled theophylline (given as 25 arninophylline) has also
been shown to act as bronchodilator in asthmatic patients

Theophylline prevents the translocation of the proinflammatory transcription factor
nuclear factor-xB (NF-«R) into the nucleus, thus potentially reducing the expression
of inflammatory genes in asthma and COPD (Tomita, ef al. Arch Pharmacol 1999,

1S 350: 249-55). These effects are seen at high concentrations and may also be mediated
by inhibition of PDE. It is likely therefore, that PDE inhibition is not a mechantsm of
action of theophylline when administered at low oral doses (<10mg/L).

Theophylline is also a potent inhibitor of adeposine recepiors at therapeutic

20 céncentrations, with antagonism of A; and A, receptors, although it is less effective
against Aj; receptors (Pauwels & Joos, Arch Int Pharmacodyn Ther 1995, 329: 131-
60). There is a report that inhaled theophylline monotherapy can antagonise the
bronchoconstrictor activity of inhaled adenosine in asthmatics (Cushiey ef al, Am
Rev Resp Disease 1984, 129, 380-4). In addition, inhaled theophylline {(given as

25  aminophylline) has also been shown to act as bronchodilator in asthmatic patients
{Kokubu H. Arerngi. 1995,44(12):1379-86).

Theophylline has moreover recently been shown to activate histone deacetylase
(HDAC). Acetylation of histone proteins is associated with activation of gene
30  function, and it is believed that proinflammatory transcription factors which activate
inflammatory genes also cause an increase in histone acetyltransferase activity. By
increasing HDAC activity and so deacetylating histone proteins, theophylline is
believed to suppress the expression of inflammatory genes (see Barmnes PI, Am I
Respir Crit Care Med, 2003, 167:813-818). Theophylline is believed to interact with



(Kokubu H. Arerugi. 1995,44(12):1379-86). Theophylline has moreover recently been shown to
activate histone deacetylase (HDAC). Acetylation of histone proteins is associated with activation of
gene 30 function, and it is believed that proinflammatory transcription factors which activate
inflammatory S cause an increase in histone acetyltransferase activity. By increasing HDAC
activity and so%? éégﬂé’é’j}é, a]t?%g histone proteins, theophylline is believed to gégﬁé&éﬁ#}e{’%%)ression of
inflammatory genes (see Barnes Pl, Am J Respir Crit Care Med, 2003, 167:813-818). Theophylline is
believed o niofgetulhO PO0GIOASIZRGLICRZ0ANNORR bikedequiian Whase o

phosphatase enzyn molecular pathway which results in elevated HDAC activity, although this
is yet to be elgewfataclovsafEDARE asFiffoADpREH Bty veh tRiRn sRiFitatedy activity has been
demonstrated 5 by oral theophylline monotherapy in COPD patients using doses of theophylline that
gave plasma levels < 10 mg/L but-::f5 mg/L (Culpitt et al. Am.J,Respir.Crit Care Med, 2002, 165(10):
1371-1376, KOBUPALRTGEER &W@?%b@%f"@%t%ﬁyéﬁgggﬁﬁc% KRS éi%gds) have
become the theraglytinfophgiliecmastiraamnc S@PD0paticety useg dostisefrtetplenitisg ®@PD, usually in
inhaled form. JNAled-slaiRie 2e s al emisiieg e OuMIER dpbical Tlegdpsage

|

dependent off properties Of the Steroid adninistered. For example, Budesonide is typically
administered 0% 368618 286t 8g6.JoePrrathior sOReBEUsE WM& HIRRE- daily. Fluticasone is
typically administered at doses of 50 meg, 100 mcg, 250 mcg or 500 meg doses once 15 or twice
daily. Ciclesonide is typically administered at doses of 80 mcg, 160.mcg.or 320 mcq doses once or
twice daily. Tﬁ@ﬁ%ﬁ%%@ﬂﬁgﬁmﬁ%ﬁ\?@?@oﬂﬁ&%‘ﬁ %%@?%e?ﬁ%}?lﬁgéﬁﬁ Bré&irtiuding
properties of iidedtaraid e Hehalatiaf GOHDe vshainctehidhbs] fotralahthiderh stertids, gratient
characteristics, apd inhalation techni 1S pormally. significantlysless than dotal administered.
ﬂqagﬁgaamn%%era&%ﬁw _églﬂ&}cé’ 3 ROiY % : :

20 HOWGVGI’,%ﬁ Inhaled steroids are eftective in the majority of asthma p _tlents
of the steroid administered. For example, Budesonide is typically administered at

doses of 200 mcg, 400 meg or 800 mog doses once or twice daily. Fluticasone is
typically administered at doses of 50 mecg, 100 meg, 250 meg or 500 meg doses once
15  or twice daily. Ciclesonide is typically adminisiered at doses of 80 mcg, 160 meg or
320 meg doses once or twice daily. The absolute pulmonary delivered dose is -
dependent on many factors {including properties of the steroid used, inhalation device
characteristics, inhalant formulation, patient characteristics, and inhalation technique}
but is normally significantly less than the total administered.
20
However, although inhaled steroids are effective in the majority of asthma patients
their use in COPD is contentious owing fo their lack of demonstrable anti-
inflammatory effect in sputum samples (Keatings ef al. Am.J Respir.Crit Care Med,
1997, 155(2):542-8, Culpitt et al. Am, J Respir. Crit Care Med. 1999, 160, 5(1): 1635-
25 1639, Loppow et al. Respir.Med, 2001, 85(2): 115-121) and their apparent failure to
affect disease progrcssi.on (Burge, et al (2006), BMJ 320: 1257-1303). Other studies
examining sputam have suggested that longer treatment periods particularly with high
dose inhaled steroids do have measurable but minima! pulmonary anti-inflammatory
effects in some patients (Confalonieri ef al. Thorax, 1998, 53(7): 583-585, Mirici ef
30 gl Clnical Drug Investigation. 2001, 21:835-842, Yildiz et al. Respiration. 2000,
67:71-76).

Assessment of anti-inflammatory activity by examining bronchial biopsies rather than

sputum from COPD patients has also been disappointing however. In contrast fo that



their use in COPD is contentious owing to their lack of demonstrable anti- inflammatory effect in
sputum samples (Keatings et al; Am.J Respir.Crit Care Med, 1997, 155(2):542-8, Culpitt et at Am. J
Respir. Crit Care Med. 1999, 160, 5(1): 1635 25 1639, Loppow et at Respir.Med. 2001, 95(2):

115-121) and wgiiﬁgg%%ggpt failure to affect disease progression (Burge, gf-a}{2000),BMJ 320:

J
1297-1303). Other studies examining sputum have suggested that longer treatment periods
particularly with high dose inhaled steroids do have measurable but minimal pulmonary
anti-inflammajory. effects;in.seme palishis{inanialonial etat Mhesax CHALBER#): SER,585, Mirici et
30 al. Clinical Drug Investigation. 2001, 21:835-842, Yildiz et al. Respiration. 20 7.71-76).
Assessment dP&Af%HT iR RPLOERRY SHESoARL TSRS ERBh & ﬁf}é?%%ﬁsﬁgs ra %ﬁ%gﬁ lshputum from
COPD patientsires Riseseen disapoisting:iowidven inhetmtrestc 0 \Wwee 20067855802

PCT/GB2006/Q00482 emonsiyatedi th%%ﬁ%ﬁﬁmﬁu l;]ﬁ@t{gﬁﬁgﬁaﬂrﬁﬁgﬁ JaBeagir Crit Care
Med. 2002, Mfé&%ﬁd%‘?@t de}tg(;ec%%st?gm icant feductions in the key inflammatory cells in
COPD foliowiogp@iiniEEide nedanmeracaithtion e sia CRFB patisnss 1 atiEbBne administered twice
daily) . Despite minimal pulmonary anti-inflammatory activity 5 overall, ICS do reduce exacerbation

frequency in COPD patients by 20-30%. It is likely that improving this minimal pulmonaty
anti-inflammatoy #&&Witat Wﬁ‘?&f‘%t%id’@%ﬁ’%dpbaﬁ}%% ﬁggf@euneﬁé%’gé%@pg{ients resulting
in improved hepith staibias imndvecvidd menrarpdoefotiorCOBPrpveeneeinlingds irpsatdyspnea and
10 further reduced exacerbation frequency, Asthma.patient %%fﬁléﬁ%@%%oﬁ Qalow.goses of
steroids are i%&%“r‘é’d%ﬁ%?@’ﬁé? %%gen% ﬁ?e case o#gu esonide up to 160 r%eg daily. Evans et al.,
(2004) NIBIM fig8rrddRed sygesbatiar iigtieRsses of inhaled steroids may be substituted by 15
administration of a normal glucocorticoid dose, together with a low dose of oral theophylline for use in

asthma Patients were administered 400 meg of budesonide . . . .
Asthma patients who fail to respond to low doses of steroids are administered a higher

dose, in the case of budesonide up to 1600 meg daily. Evaps ef al, (2004} NEFM
337:1412, suggest that high doses of inhaled steroids may be substituted by

15  administration of a normal glucocorticoid dose, together with 2 low dose of oral
theophyliine for use in asthma. Patients were administered 400 meg of budesonide ‘
(the standard dose) together with 250 or 375mg of theophyHtine, or 800 mcg of
budesonide plus placebo, twice daily. The plasma concentrations of theophyliine that
were achieved-in this study ranged from 2.5 to 17.1mg/l with 2 median value of

20 8.7mgl. The effects of these two treatment paradigms were similar suggesting that
theophylline has dose sparing effects when given with a steroid. However, at the
doses used, patients suffered from drug-related side effects, including gastrointestinal
upsets, palpitations, sore throats and other side-effects associated with steroids and/or
theophylline therapy. The authors did not determine any effects of the drug

7% combination on inflammation, Similar studies investigating potential dose sparing of
inhaled steroids with oral theophylline have not been carried out in COPD patients.

Cazzola ef al, (2004) Pulm Pharm Ther 17:141-145, compared the combination of the
bronchodilator salmeterol and the steroid fluticasone with the combination of oral

30  theophylline and inhaled fluticasone (500 meg twice daily) in COPD patients over a
period of 4 months. The dose of oral theophylline was titrated to achieve plasma
concentrations of 10-20 mg/L as these plasma levels are required for clinical efficacy
in terms of bronchodilation. The inflammatory status of these paiients was not
examined with either therapy.



(the standard dose) together with 250 or 375mg of theophylline, or 800 meg of budesonide plus
placebo, twice daily. The plasma concentrations of theophylline that were achieved-in this study
ranged from 2.5 to 17.1mg/l with a median value of 20 8.7mg/l. The effects of these two treatment
paradigms wege siijalssggesting that theophylline has dose sparing effse@d%?&g&y&? with a
steroid. However, at the doses used, patients suffergd from drug-related side effects, including
gastrointestinal upsets, palpitations, sore throats and other side-effects associated. with steroids
and/or theophylline therapy. The authors did not determine any effects of the drug 25 combination on
inflammation. Qimi jes.inyestigating potential dose sparing of . inhaled steroids with oral
theophylline F@\%‘%}%@gﬁgéﬁéﬁgaﬁ%? ?ﬁg %ga’ %rﬁ?"t’é" 2 %?gf%ﬁﬁﬂﬁpﬁgﬁw%arm Ther
17:141-145, ¢oatpgraditine cordisnatiamobtiey disomeholitatopssindte rohtncktbeastagd fluticasone
with the combipatign,et.otaladheqphuiing apdiphaled rigasne Ol e vce.dally) in COPD

patients over a period of 4 months. The ddse of oral theophylline was titrated to achieve plasma

concentratiorf86fas- 25 H§TPids ihele pTaiRTalNey ok HdBRalaY B0einiaPEtfisdey i terms of

20081085102 BT G200 1000ARD & 1 Ta 200 ABEE clocidmen & e eep s meuko ot entiying
. _ ) , iscloses a screening method for identifying
drug-like con{ﬁ%rﬁqggé‘#egﬁ JSRAA 5 Blfe ﬁa‘ﬁﬁfi!ﬁ?wai’?éﬁﬁﬁ?’fﬁ‘é%%ﬁ?@?%&“&? a xanthine or
a related corpouemitt MexhutetbahvaaetyiBudesxpiedsienhahiiiy @l THD A enticnydescribes 5 the
role of steroic}ggfggﬁgnrgpfﬁéﬁﬂa%' EMW&V genes. It predicts that theophylline should enhance
glucocorticoid actions by enabling giucocorticoids to recruit HDACs with increased activity.
Theophﬂlﬁine is used in synergistic effect with the steroids Dexamethasone and Budesonide in

enhancing ceti34B5G6aCHMilbR0 e RES S QR IRMMAtRRY ABNES 1M 02 Qo replace
completely or partially treatment with corticosteroids for chronic, prophylactic, anti-

inflammatory treatment of asthma to provide a mean steady state plasma leve} of 1 to
less than 5 mg/l.. The plasma levels are achieved by preparing theophylline
15  administrated by the oral route in a dosage form for dosing at 50 to 600 mg/day.

Barnes (Am J Respir Crit Care Med, 2003, 167:813-818), discusses the use of
theophyliine and steroids in combination for COPD and suggests that the combination
may have a synergistic effect in reducing inflammation. However, no dosing regime
20  is provided nor is the use of administrating theophylline by the inhaled route

disclosed.

For clarity Table 1 presents a summary of the prior art in regard to oral doses of
methylxanthines administrated and corresponding theophylline plasma levels detected
25  in patients.

For clarity Table 2 presents a snmmary of the limited data in the prior art in regard to
inhaled doses of methyixanthines administrated and corresponding theophylline
plasma levels detected in asthma patients.

30



US6025360 discloses the use of theophylline as an add-on therapy, or to replace completely or _
partially treatment with corticosteroids for chronic, prophylactic, anti- inflammatory treatment of asthma
to provide a mean steady state plasma level of i to less than 5 mg/L. The plasma levels are achieved

by preparing th?&%lline 15 administrated by the oral route in a dosage f%@ﬁg&:‘ﬁ%@& 50 to 600

mg/day. Barn&: Kﬁgﬁgzspir Crit Care Med, 2003, 167:813-818), discusses the use of theophylline
and steroids in combination for COPD and suggests that the combination may have a synergistic
effect in redugi é flammation. However, no dosing regime 20 is provided nor is the use of
administrating ?heophylline by the inhaled route disclosed. For clarity Table 1 presents a summary of

the prior art in regard to oral doses of methylxanthines administrated and corresponding theophylline

plasma leve|SEiEIRGIRE 25 T patientskay clajiyragble 2 predamsyaistemnaryenize fbdppitdingata in
the prior artin regard to inhaled dos*mfﬁm]ethylxgnthines adninistrated anglaaikgspending
theophyllinel plasma levels detected in asthma patients.-30 \WIO.2006/085102- PCT/S5B2066/006482 6
Table 1 Publicasesmdstats) DAFPDaily HBEAve r’gﬁgwmylliwé@aﬂ%tion lashisvel Alexander et
at. (1980) J 4 xveekst Ebeophvtings400 rug 15.1 mg/L Am Med; Assoc. 244:2286- 90 lversen et al.
(1992) Bur 4iweeks Theophylline 600 mg 7.Y mg/l Resoir J. § Suppl (15):137. Ito et al. (2002). 4
weeks Euph I?.'Qr%ez(;?a?aéz’? gurg A 4 weeks Theophylline 600 mg 7.1 mg/l

Respir J. 5 Suppl (15):137.

Tto et al. (2002}, 4 weeks Euphyiong 500 mg 4.3 mgfl

Proc.Natl. Acad.Sci. USA (Theophylline)

99(13): 8921-8926

Cuipitt et al. (2002) 4 weeks Theophylline 300-600 mg | 2.5 mgll

Am.Y Respir.Crit Care

Med. 165(10): 1371-1376

Kobayashi et al (2004} 4 weeks Theodur 400 mg 7.5 mg/L

Respirology 9:248-254 (Theophyliine)

Evans ef al., (2004) NEIM | 12 weeks | Euphylong 500-750 mg | 8.7 mg/L.

337:1412 {Theophyliine)

US6025360 {1993 4 weeks Phyllocontinor | 562-573 mg | Average not quoted but

Uniphylline _ 20/25 patients had levels
(Theophyliine) = Smg/L.
Tabie 2
5
Publication 1 Study Dirug Dose Net peak
duration theophylline plasma
level

Bohadana et al. (1980) Single Aminophyllime | 187.5mg | 0.91 mg/L

Bull Eur.Physiopathol Respir. | inhaled (Theophyliine)

16(ix13-24. EXpOsure




Proc.Nati.Acad.Sci.USA (Theophylline) 99(13):8921-8926 Culpitt et al. (2002) 4 weeks Theophylline
300-600 mg 9.5 mg/L Am.J.Respir.Crit Care Med. 165(10): 1371-1376 Kobayashi et al (2004). 4
weeks Theodur 400 mg 7.9 mg/L Respirology 9:249:254 (Theophylline) Evans et al., (2004) NFL 12
weeks Euphylong 500-750 mg 8.7 mg/L 337:1.412 (Theophylline) US6025360 (1995) 4 weeks
Phyllocontin or 562-573 mg Average not quoted but Uniphylline 20/25 patients had levels

(Theophylline} &niBAeTibie e 8L mFei 6N Srlby BRI DESE R (P SOR R atbi haspHHne plasma
level Bohadasa.efiat. 419800 SingleoANspaphyling 193:8:mp1Sicaroibs@ulldusRhysiapathol. Respir.

inhaled (Theophylline) 16£1):13-24. exposure 7 Thus, there is a medical need for a therapeutic regime

for COPD whiBRipPéside e rogiiaainnict drimsb b it sy th s alipted steiid d8othted with

e;(iStingdthef&ﬂéﬁ&fé&ﬁﬁf%ﬂd@nﬁm&%ﬁﬁtgl@dﬂa%@@ﬂﬂ|iﬂﬁdﬂﬁ*b@ﬁhﬁﬂiﬁ%d1ﬁé%ﬁ@éﬁ>ﬁa}thﬁnél}ﬁnUfaCthe
of a medicament |s disclosed in our copending international patent 5 application PCT/GB05/003039
but has ot b&BN tfaLeREdd PR AR ea%éﬁﬁta?é.b%@acfﬂfacmz@&ieaﬁ?@nwﬁwﬁa SEWBination

therapy for CORR angaihen@topisvieapisatoniiiserse shiltapmas IDDPIeARe phenaRstic

anti-inflammatory. activity of the ) .. ..
respiratory diseases that may improve the pulmonary anti-inflammatory activity of the
inhaled steroid. This inhaled combination produces minimal methylxanthine systemic
exposure (plasma levels < Img/L) and therefore results in an attractive side effect

10 profile compared with chronic oral administration.
Brief Description of the Invention

The present inventors have determined that steroids administered together with
15  methylxanthine compounds by the inhaled route at doses which alone are not
effective in treating inflammation induced by tobacco smoke (TS) in an animal model
of COPD, have a synergistic effect and are able to markedly reduce inflammation in
said models, for example by 44% or more in the tests set forth below. TS exposure is
widely accepted to be the principal cause of COPD in human beings.
20
In a first aspect, there is provided a methylxanthine compound and a steroid for use in
the treatment of a chronic respiratory disease selected from the group consisting of
chronic obstructive pulmonary disease (COPD), cystic fibrosis, steroid resistant
asthma, severe asthma and paediatric asthma in a human subject, wherein the
25  composition is administered by the inhaled route for pulmonary delivery, and the

methylxanthine compound is administered at a dose between 0.1 and 25 mg/day.

In a second aspect, there is provided a methylxanthine compound and a steroid for
simultaneous, separate but subtantially simultaneous or sequential use in the
30 treatment of a chronic respiratory disease selected from the group consisting of
chronic obstructive pulmonary disease (COPD), cystic fibrosis, steroid resistant

asthma, severe asthma and paediatric asthma, wherein the composition is adapted for



inhaled steroid. This inhaled combination produces minimal methylxanthine systemic exposure
(plasma levels < Img/L) and therefore results in an attractive side effect 10 profile compared with
chronic oral administration. Brief Description of the Invention The present inventors have determined
that steroids administered together with 15 methylxahthine compounds by the inhaled route at doses
which alone are not effective in treating inflammation induced by tobacco smoke (TS) in an animal
model of CORIREEECEY S giBtic BHelsanauite bl PHEMeRRE dIJekEtiE e 4R aNRsEdIBN e said

models, for exampla Mm% onmRiRin thedesteast forthpelons THePasuiss widely accepted to

be the principal cause of COPD in human beings. 20 In a first aspect, there is provided a
methylxanthine compound and a steroid for use in the treatment of a chronic respiratory disease

selected fromithg grQHPSPRSISHG:Ofs GhERNIG PRRI WRHVEPUIMaMRY disease dGRRAI. systic fibrosis,
steroid resistant asthma, severe asthma and paediatric asthma in a human subject, wherein the 25

composition i&&idistes BBy s Riad? THUh SHaRFUERET Ardnpc FsaANthine
compound is gdminisigred @t fose Rebtween il 2ngidaypin@seconthaspestaiee is

provided a methilxanthine,compou_nd and a steroid for simultaneous, separate but subtantially

simultaneous! LeRti Ui HTe BOtidatRisiisr At cFResiratN aiBss et from the
group consistiRgheChionia.ahsitive Prienamdiseases(GERARPdsvsiadibiosis RigraidLesistant

asthma, severe asthma and paediatric asthma, wherein the composition is adapted for 7a
administratiof et iIRMAIHTHLHE RS uARD ARy AV HHBcAREBRT RS FEHYiREtFiAk“compound

is adminigterepat ifaese of Ozhdo2ompyaiday. In a third aspect, there is provided the use of a
methylxanthine compound and a 5 steroid in the manufacture of a medicament for the treatment of a

chronic respiratory disease selected from the group consisting of chronic obstructive pulmonary
disease In one embodiment, therefore, there is provided the use of a methylxanthine

compound and a steroid in the manufacture of a composition for the treatment of a
chronic respiratory disease selected from the group consisting of chronic obstructive
15 pulmonary disease (COPD), cystic fibrosis, steroid resistant asthma, severe asthma
and paediatric asthma in a human subject, wherein the composition is administered by
the inhaled route for pulmonary delivery, and the methylxanthine compound is

administered at a dose between 0.1 and 25 mg/day.

20 Advantageously, the inhaled steroid is administered at a dose which, in isolation, is
not effective in reducing the inflammation associated with the said respiratory disease.
The inhaled steroid may also be administered at a dose which, in isolation, has
minimal efficacy with respect to improvements in lung function and inflammation in

treating said respiratory disease.



(COPD), cystic fibrosis, steroid resistant asthma, severe asthma and paediatric asthma, in a human
subject, wherein the composition is administered by the inhaled route for pulmonary delivery, and the
methylxanthine compound is administered at a 10 dpse between 0.1 and 25 mg/day. In one
embodiment, therefore, there is provided the use of a methylxanthine compound and a steroid in the
manufacture of a composition for the treatment of a_chronic respiratory disease selected from the

group consistingf 6t BrtRIBTEB Rl Sy i dry dreabeoPBYsR fhcrinhoiid asrid resistant

asthma, severe asthmacardpacdiaticiasthimaimahuman) subie tdavhereia dhe LaeuReositian is
administered by the inhaled route for pulmonary delivery, and the methylxanthine compound is

administered S5B8bsE bERPER T B ind 23 UG/ d4c 20 AdUEn eI e hHAteH g e f8id is
administered ia; £9se JRiGRe idsQRtigA-ise Not effective in reducing the inflammation associated with
the said respiratory disease. The inhaled steroid may also be administered at a dose which, in
isolation,"has minimal efficacy with respect to improvements in lung function and inflammation in

treating said nespiratary giseasaidall peredsasapiovidedthedsseefithe ighaladrambingtion wherein
the inhaled steroid is administered_at.a lower dose than that, in isolation, has significant efficacy with

respect to improSR AR REIRIHEFruHEHEH Wi MrsirsaRl ini@siay halalJpracnrdiissse (steroid

sparing). 5 ImpieYing thisphinima) ik Rendnsant-iematonsachvirefinhalrsstereesn gsuch as
budesonide, fluticasone or ciclesonide), using an inhaled methylxanthine (such as theophélline) in

combination pFrOTIdEY i JAEHEHERY (O AR RS ASHRE HOMYCHF I 4P iFRBF) i i8U8 such as

COPD hy reskiiing, indiprrexedilealitA0 statusnimprevedRenonansiuneions imRpevamaat in

measures of ?yspnea gmd further reduced exacerbation frequency.
urther reduced exacerbation frequency.

The disclosure recognises a synergistic activity between a methyixanthine compound
and steroid drugs which results in an extremely high pulmonary anti-inflammatory
15 activity. This synergy can be achieved using doses of the drugs which were
ineffective when administered alone. The effect is not additive, but synergistic, in
that two drugs having little or no effect can be administered simultaneously to obtain

highly significant inhibition of the inflammatory response.

20 A methylxanthine compound, as used herein; refers to theophylline and
pharmacologically equivalent compounds and saits, including aminophylline and
oxtriphylline.  Such compounds are methylxanthines, which include caffeine,
acepifylline, bamifyliine, bufylline, cafaminol, cafedrine, diprophylline,
dihydroxypropyltheophylline, doxofylline, enprofylline, etamiphylline, etofvlline,

25  proxyphylline, suxamidofylline, Theobromine, Furaphyvlline, 7-propyl-theophyliine-
dopamine, Pentoxifylline, Reproterol, denbufylline, IBMX, Arofylline, Cipamfylline,
HWA 448, SDZ MKS 492, BB-1502 and the like.

Steroid drugs include glucocorticoids, corticosteroids and mineralocorticoids, such as
30 dexamethasone and budesonide, beclomethasone. beclomethasone dipropidnate,
flunisolide, fluticasone, Ciclesonide, mometasone, hydrocortisone, prednisone,
prednisolone, methyl prednisolone, naflocort, deflazacort, halopredone acetate,
fluocinolone acetonide, fluocinonide, clocortolone, tipredane, prednicarbate,

alclometasone dipropionate, halometasone, rimexolone, deprodone propionate,



The disclosure recognises a synergistic activity between a methylxanthine compound and steroid
drugs which results in an extremely high pulmonary anti-inflammatory 15 activity. This synergy can be
achieved using doses of the drugs which were ineffective when administered alone. The effect is not
additive, but synergistic, in that two drugs having little or no effect can be administered simultaneously

to obtain highly significant inhibition of the inflammatory response. 20 A methylxanthine compound, as
used herein; FEfERSROIABDPRGIME BRI IShAHHEEEMGIERN éﬁ?}%}f@ﬁ%&%ﬁﬁ@aﬁd%ﬂr‘@%@ﬁg; including

aminophyllineapdnaxBirhyiline: s ch camprendsaametyxanthinas. whichnehdasafirine,
acepifylline, bamifylline, bufylline, cafaminol, cafedrine, diprophylline, dihydroxypropyltheophylline,
doxofylline, eHpFoRAfie eI loRTIFTE, 5 %&%ﬁw|i%?%i§§a%ﬁﬁa&§/lﬁr¥%§§@8§omine.
Furaphylline, @propybiheoplyiingy idopaine; fentoxityliagaBapratarol, senbufyllingd BV,
Arofylline, Cipamfylline, FIWA 448, SDZ MKS 492, BB-1502 and the like. Steroid drugs include -
qucocorﬁcoid@%‘Fﬁ@o§t@?5¥é§ ARd AIFERIBCORIETERT Lok dBtesprganahRalsat e i Btidesonide,

beclomethasapeyhestmnethasone thigmpianaie: | fogrsolidg.diiinasore, Giclesongismaemetasone,

hydrocortison&{grednisone, prednisolone, methyl prednisolone, naflocort, deflazacort, halopredone

acetate, fluocoibiVe arcetontte1fbEaIGHRyASAGEIHBIBHS, iRFREATEp saRTeEATIOISIEBmetasone

dipropionate, ihalpmetasang, tHmexalons drredrae propienaies Sstriancinalonricetansthasone,
fludrocoritisone, desoxycorticosterane, rofleponide, _etiprendnol dicloacetate and the like. Steroid

drugs can adGREEHA AR Steroitasin Lt r Pre it sl eRsprrBRtsorfestaorP diseases

such asiGW-6856R8 orfalVral 99945 NGnkORMD NODS 020, WO-slexameibaspoer RIsR146HoNS-126 5
(formerly ST-126) and comgounds referred to in internationalspatent applications W00212265,

W00212266, WH0ZL50878 vd03062556° Woa3848 ts1 MRt  WB63042229. Steroid drugs can also

additionally include next generation molecules

Preferably, the methylxanthine is theophylline.
15  Preferably, the steroid is budesonide, fluticasone or ciclesonide.

In accordance with the disclosure, the steroid may be administered at a standard dose,
or a dose which would have a minimal effect if administered independently of the
methylixanthine compound to an individual.

20
Advantageously, the steroid is ineffective in reducing inflammation in said
respiratory disease at the dose used. Certain respiratory diseases, including COPD,
are resistant to steroid treatment and steroid drugs are minimally effective in reducing

pulmonary inflammation. Together with a methylxanthine compound such as

-2
L

theophylline, however, a pulmonary anti-inflammatory effect 13 observed.

Administration takes place via the inhaled route, providing the convenience of
patients receiving their target doses of an inhaled methylxanthine compound and
inhaled steroid, with or without a long acting bronchodilator drug, from a single
30 device. Typically the long acting bronchodilator drug would be cither a long-acting
f3-agonist, such as salmeterol or formoterol, or a long acting anti-muscarinic, such as
tiotropium. Administration of the steroid may also be by the oral route with the

methylxanthine compound being given by inhalation.



in development with reduced side effect profiles such as selective glucocorticoid receptor agonists
(SEGRAS), including ZK-216348 and compounds referred to in 10 international patent applications
WO-00032585, W0O-000210143, WO-2005034939, WO-2005003098, WO-2005035518 and
WO-2005035502. Preferably, the methylxanthine isit(l?eophylline. 15 Preferably, the steroid is
budesonide, fluticasone or ciclesonide. In accordance with the disclosure, the steroid may be
administered at a standard dose, or a dose which would have a minimal effect if administered

independently B B8 RHBPRRAH IR S BBAMPBGRUYSAPS ISR F PO BigRRM L GEBRSISE 81 Sferoid is

ineffective in felucipgiinflammationinsaid-saspitatary fisgasaabihgdasetaedyCaraln kgspiratory
diseases, including COPD, are resistant to steroid treatment and steroid druas are minimally effective

in reducing PSRAGRARY iAiRRRTaBIShTE Y ERER vithi BlipshY RERtHRERE St dUNE st e

theophylline, howayrha1pHlmanay-antiniamratery; shiecbis oRservee AHURISIALIQN fakes place
via the inhaled route, provi(g‘:‘g’the convenience of patients receiving their target doses of an inhaled

methylxahthindABrperis o M@t al B wBrathwits drilHetr sudhdadiihy Brokéestilddtdrug, from
asingle 30 d%\ms&pi&%w}e Ag@&&&}‘W@%EH&&E‘&?H&JH&‘U&UHM %&hﬁaﬁl@%ﬁ%yg

n-agonist, such as salmeterol or formoterol, or a long acting anti-muscarinic, such’as tiotropium.
Administratiopgshtherstsmid raipziscizs Byithdal-lostensitinghenhifethyaxamiibe osaspbund being

given by inhaﬁ%@%&n@ The combinafigns of t&%&%&’%&@%&éﬁ’ﬂ%ﬁg’ Q@riﬁﬂi%%r&pt. ly comprise
one or more addftional adtive substances which are known to be useful in the treatment o respiratory
disorders suchigipnDE 4 Gatigians iIPDESinhidkobs, seDEinghimicdeeteukolfleRé Duahibitibitors,

leukotrigge B@jﬂ(@i@‘%&ﬁ%@ﬁcﬁ Saliakingze. PRAR MARiIInaz&RIRrS AEriR-pataway

inhibitors such as IliK inhibitors,
acetyleysteine and superoxide dismutase mimetics) and/or NK-1 receptor antagonists.

In a fourth aspect, there is provided a pharmaceutical composition in unit dosage form
comprising a methylxanthine compound and a steroid for use in the treatment of a
15 chronic respiratory disease selected from the group consisting of chronic obstructive
pulmonary disease (COPD), cystic fibrosis, steroid resistant asthma, severe asthma
and paediatric asthma, wherein the composition is adapted for administration by the
inhaled route for pulmonary delivery and wherein the methylxanthine compound is
provided in an amount of from 0.1 to 25 mg, or from 0.05 to 13 mg, or from 0.033 to
20 9 mg per unit dose of the composition, said unit doses corresponding respectively to

those for once per day, twice per day, or three times per day treatment.

In one embodiment, there is disclosed a pharmaceutical composition comprising a
methylxanthine compound and a steroid for use in the treatment of a chronic
25 respiratory disease selected from the group consisting of chronic obstructive
pulmonary disease (COPD), cystic fibrosis, steroid resistant asthma, severe asthma
and paediatric asthma, wherein the composition is adapted for administration by the
inhaled route for pulmonary delivery and wherein the methylxanthine compound is

administered at a dose of 0.1 10 25 mg/day.



adenosine receptor agonists, TNFa signalling inhibitors (such as ligand binding agents, receptor
antagonists), Interleukin-I signalling inhibitors, CRTH2 receptor antagonists, protease inhibitors (such
as neutrophil elastase inhibitors, MMP inhibitors, Cathepsin inhibitors), IL-8 signalling molecules,
CXCR1 inhibitors, 10 CXCR2 inhibitors, INOS modyjators, PPAR agonists, anti-oxidants (including N-
acetylcysteine and superoxide dismutase mimetics) and/or NK-1 receptor antagonists. In a fourth
aspect, there is provided a pharmaceutical composition in unit dosage form comprising a
methylxanthindaeapbuiecandis stieebidetbr usahtisapdanmentobauls chrdnie respindtofyrdisease
selected from i GiaUR, COTSIRANAL.CTUARIC AT RIIRORANLCTRARSL( QPP florosis,
steroid resistant asthma, severe asthma and paediatric asthma, wherein the composition is adapted
for administragepitgiottie divbriedsadenedordsumbrargrdefivegnantingheteiphtioaimethyisitine
compound is pigyided iR anameensiisf Toum 0-kir a2 M- ek Q:05,10:ha Mg 9. M, Q,033 to 20 9

mg per unit dose of the composition, said unit doses corresponding respectively to those for once per
day, twice pefithyaotidhirccatiiias. pehdeay tleatpanositone advainenadnarsigdisciosét a
pharmaceutical,comROSitas, COMRUSIRY 8- Metvixanthipe componad and aleraithfortsadn the
treatment of a chronic 25 respiratory disease selected from the group consisting of chronic obstructive
pulmonary digdaspisCOP )2 ¢pstefiBrbsis? st yesistant asthma, severe asthma and paediatric
asthma, wherein the composition is adapted for administration by the inhaled route for pulmonary
delivery and wherein the methylxanthine compound is administered at a dose of 0.1 to 25 mg/day.

10a Moreovetiaisstblis discrubulsepibingisemminedconmpotidadaliva sarid foemsimliendedus,
simultangous separateRToSeausniakuse inthe Heatmens af & chrapic sresriraiory dissassselected

from the group consisting of chronic o'.T)structlve. pulmonary disease (COPD), cystic fibrosis, steroid
resistant asthfid waversesstRrRIT Ao HEsarsiivchistiriie sy el eHet 6mpoeise M adasted for

administrationP¥ethfhes per day treatment. Preferably, the daily dose is between 1 and 24 mg, 23



inhaled route for pulmonary delivery and wherein the methylxanthine compound is administered at a
dose of 0.1 to 25 mg/day. Preferably, the methylxanthine compound is provided in an amount from 0.1
and 25 10 mg, or from 0.05 to 13 mg, or from 0.033 to 9 mg per unit dose of the composition, said
unit doses corresponding respectively to those for once per day, twice per day, or three times per day
treatment. Preferably, the daily dose is between | and 24 mg, 23 11 mg, 22 mg, 21 mg or 20 mg. For

example, the dall ose ma be 5,10, 15,16, 17,18 ar 1 . Unit dosages may_be calculated for
once, twice oﬂ%’rég Hitres d)éﬁyora%) fittibRT 55BN ,‘?ﬁﬂrggl%%stﬁwgﬁﬁigfei@o%p Qngﬁisl%
theophyl.line.cAdiantageCuilyddherdhesphyiinedisdaiminibierad-at axdosagetds:setifesthabgve.
Methylxanthines .other than theophylline may be administered in the above dosages, or at dosages

which may bea%éc&é(&lfrom the above by persons skilled in the art. 10 In a fifth aspect, there is
provided a composition according to the second and third aspects wherein the steroid is budesonide

and is provided ip an.amount from,200.mcg to 1600 mcg, or from.100 mca to 800 meg, or from 65
mcg to 525 m‘?}ggﬁa’%;%rear‘t;&/ﬁitt aos%m%f}fﬁ{ea rgg%l%go%ci’ﬁn cfusl,lé%ﬁ Ti]%ec?c?g‘gli%%rres%%%ﬁ&?%‘é%%‘cﬁégly to those
for once per fbadyilivice peénidaycordhteaitivags pescd@yrthiediment. In a sixth aspect, there is
provided a composition according to the second and third aspects wherein the steroid is fluticasone
and is provided in an amount from 44 mcg and 1000 mcg, or from 22 mcg to 500 meg, or from 11 mcg

to 335 meg pafaimii:coski26 oflhe homiesitioyiisaichanibe adas dertespondiagbespactively, to those
provided a cornBs TR R S T SERgh T ha TS 2EpaetS kPPt GFe o Cioesonide
and is ptfvided in an amount from 25 40 meg and 500 meg, or from 20 meg to 250 mcg mg, or from
14 meg to 17Pnrgc 1eerlspect, there 1s provided a composition according to the second and third
aspects wherein the steroid is budesonide and is provided in an amount from 200 meg
to 1600 meg, or from 100 meg to 800 meg, or from 65 meg to 525 meg per unit dose
of the composition, said unit doses corresponding respectively to those for once per

15 day, twice per day, or three times per day treatment.

In a sixth aspect, there is provided a composition according to the second and third

aspects wherein the steroid is fluticasone and is provided in an amount from 44 mcg

and 1000 mcg, or from 22 meg to 500 meg, or from 11 mcg o 335 meg per unit dose
20 of the composition, said unit doses corresponding respectively to those for once per |

day, twice per day, or three times per day treatment.

In a seventh aspect, there is provided a composition according to the second and
thirds aspects wherein the steroid is Ciclesonide and is provided in an amount from
25 40 meg and 500 mcg, or from 20 mog to 250 meg mg, or from 14 mcg to 170 meg per
unit dose of the composition, said unit doses corresponding respectively to those for

once per day, twice per day, or three times per day treatment.

The steroid may be provided, in general, at a dosage of from about 40mcg to
30 1600meg, either in a single daily does or in multiple unit doses which together add up
to the stated dose. For example, the steroid may be provided in a daily dose of 50,

100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 750, 800, 900 or 1000mceg.



unit dose of the composition, said unit doses corresponding respectively to those for once per day,
twice per day, or three times per day treatment. The steroid may be provided, in general, at a dosage
of from about 40mcg to 30 1600mcg, either in a single daily does or in multiple unit doses which
together add up to the stated dose. For example, the;steroid may he provided in a daily dose of 50,
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 750, 800, 900 or 1000meg. lla
Advantageously, the steroid is budesonide and is provided in an amount from 200 mcg to 1600 meg,

or from 100 nftgV 58660k kg, Betpimitbufietynids 2adnisgnseyidasitidose shehatcBmpo¥ifion, said

unit doses CopesSRENGNY ﬁﬁ%?%‘r‘th’@}b{ @ihase forsaneR ParHay ANigeRenRY, 8hHes tmes per day

treatment. Preferably, the daily 5 dose is between 200 mcg and 1600, 1500, 1400, 1300, 1200, 1100

or 1000mcg; f8RiesaTR It b eUaNY W FPEHIS00sSEMIITPONSBEEEEPSEYeb00; 8562100, 750,

800, 850 or 9RAMeg. d4pitdesages &Qﬁy&qrﬁ@y:ﬂia&%%@rw%w%ﬁ@rﬁé@&éﬂgﬁ%@a&%@pp'icaﬂon-
un

10 In a further embodiment the steroid'is flutieasone and is provided in an amo rom 44 mcg and

1000 mc§, or e st Ra860RE e Feh 160 133800 et2fbr 1UAR @b3drse:clmposition,

said unit doses cagesSERNGING KRIPECHYE!s R thesear, LNeesBer SRy dWiceReragY; 4. Wiige times per
day treatment. Preferably, thé daily dose is between 44 mcg and 900, 880, 800, 700, 660, 600 or 500

mcg; for examipleC1 84hégaskeibkivugo Boy & crbulaitd tepsnasdyvenonineesisobilzso, 375,
400, 440 or 49 RGEL NIt dosages may be calculated for once, twice or three times daily application.
12 Moreover, the steroid can be Ciclesonide and be provided in an amount from 40 mcg and 500
mcg, or from 20 meg to 250 meg mg, or from 17 mcg to 170 meg per unit dose of the composition,

said unit gloses saesROndinUITSSREAV eI I9thong feseRc e HREE A% INUESPE! SayuRr thige times per

day treatment. The dailg dose is preferably
44 mcg and 1000 meg, or from 22 meg to 500 meg, or from 15 meg to 335 meg per

unit dose of the composition, said unit doses corresponding respectively to those for
once per day, twice per day, or three times per day treatment. Preferably, the daily
dose 1s between 44 meg and 900, 880, 800, 700, 660, 600 or 500 mcg; for example,
15 the dose can be 50, 60, 88, 100, 110, 125, 150, 200, 220, 250, 300, 350, 375, 400, 446
or 450 mcg. Unit dosages may be calculated for once, twice or three times daily

application.



5 between 40 mcg and 480, 450, 400, 350, 320 or 300 meg; for example, the dose is 80, 100, 120,
150, 160, 200 or 250 mcg. Unit dosages may be calculated for once, twice or three times daily
application. Such unit dosages may be packaged to provide a kit for the treatment of said 10
respiratory disease, comprising a methylxanthine compound and a steroid in unit dosage form,
wherein the composition is administered by the inhaled route for pulmonary delivery. For example, a

kit as disclosedHEPEM; MGy et ehh e HrstRifamAiRe BEMsHAa anateddiaia 4 Shixture, in

the correct ratifd fo0 GapgustemsadriRiRirations (AERENAVely . fog compernsls ToaydeRraviged as
separate 15 compasitions for simultaneous separate or sequential administration. In_an eighth aspect,

there is provid@dLkitho F IR L E et SPE L HIRTCRAE PRSP SieiRsst el iR A9 t98 Group
consisting of ghrenic eRREYRIVE PUIMORer Y fisesed4iC @RI Syt firgsisd steroig-éasigant asthma,

severe asthma and paediatric 20 asthma, comprising a methylxanthine compound and a steroid in unit

dosage form AR a8 AnAist Lo by Me’ nthaled Fo ity Brpuif sHaRPRIDERCsR e Werein the

methylxanthineygcompousgl issadnioisiered alca. dose @i tod BOaLIHea Rartisularypeeferred
embodiment, the methylxantﬂine compound and the steroid 25 are provided in the form of an inhaler,
for administratio i RS HLCAPRIRI%he inhaler may be a single bottle inhaler, with the
compounds provided in admixture, or a twin-bottle inhaler wherein the compounds are provided

separately buf administered together, 30 Such a kit may comprise, for example, instructions for use
which direct th8Us&tb ({Qaﬁ%ﬁ‘?is‘?éaryth en?@atf@a%‘?f%ﬁ?s Ribdtanfalif} sithulten 686 uh $hist they are
present1in thespgitigiats dodysactisiasinihe legs; aithesameninedldad In terkits @r umit dosages

disclosed hergin, the steroid is preferably present at.a dqgse which is insufficient to be effective in the

reatment of <SSHEE Eory (B AsEit SRRed ntUBEHTBItY oY e ialed e fo
pulmonary delivery. For example, a kit as disclosed herein, may comprise the
methylxanthine compound and the steroid in admixture, in the correct ratio, for
concurrent administration. Alternatively, the compounds may be provided as separate

15 compositions for simultaneous separate or sequential administration.

Inn an eighth aspect, there is provided a kit for the treatment of a chronic respiratory
disease selected from the group consisting of chronic obstructive pulmonary disease
(COPD), cystic fibrosis, steroid resistant asthma, severe asthma and paediatric
20 asthma, comprising a methylxanthine compound and a steroid in unit dosage form
adapted for administration by the inhaled route for pulmonary delivery and wherein

the methylxanthine compound is administered at a dose of 0.1 to 25 mg/day.

In a particularly preferred embodiment, the methylxanthine compound and the steroid
25  are provided in the form of an inhaler, for administration via the inhaled route. The
inhaler may be a single bottle inhaler, with the compounds provided in admixture, or
a twin-bottle inhaler wherein the compounds are provided separately but administered

together.

30 Such a kit may comprise, for example, instructions for use which direct the user to
administer the medicaments substantially simultaneously, such that they are present

m the patient’s body, particularly the lungs, at the same time,



5 Importantly. plasma levels achieved with the doses of a methylxanthine compound such as
theophylline used (total daily administered dose 0. 1-25 mg) fall below those currently considered
necessary for clinical efficacy (10-20mg/1) (Cazzolg et al, Pulmonary Pharmacology & Therapeutics,
2004, 17, 141-145) and those below used 13 to de 8nstrate anti-inflammatory activity (5 mg/L)
(Culpitt et al. Am.J.Respir.Crit Care Med, 2002, 165(10): 1371-1376, Kobayashi et at, Respirology,
2004, 9:249- 254). The nominal dose quoted as being delivered may exceed this figure, depending
upon the chardcteistie Pofthedgsiacs difdiorsddrentiiatibn steme; howéveb e Sadiselosteecprovides
that an effective,igse resultingip plasmarievels betweencladlh: apdmal:of methbxantine
determined 1 hour post administration is effective in treating respiratory conditionis when administered
by the inhalec2f&titestsrgsLiRAsRdetiBlivery in combination with a steroid drug. 10 Preferably, the
plasma level of methylxanthine compound achieved as described above is between Imcg/L and Img/L,
advantageously 100mcg/L-Img/L, 250mcg/L- Img/L, 500mcg/L-Img/L or 750mcg/L-Img/L.
Advantag’t—:-ou§I9Pﬁ4§@5"@m@@ﬁk&dﬁﬂ%sﬁig@@fﬁégﬁﬂérﬂ@sé?%o@ﬁcﬁgmeé}ﬁ}lé@él,tbi%mﬁ@gm%r less. 15
In the foregoing gmbedinenisdisclosed hierein, he.dasagehisiereid whigh 495, bRl sKE5 any
apparent pharmacological effect in the animal model of COPD is advantageously below 0.5mg/kg,
preferably beSHESAY 1ana G gIREC 5 Torefdiaish) wdtiveen 019-3Ama™ Kigike Advantageously,
the dose of stp{ighis.9- bmgke ol A hssris:mereover, Rrovideshamethad fafhe tgatment of a
chronic respiratory disease selected from the group consisting of chronic obstructive pulmonary
disease (COPD), cystic fibrosis, steroid resistant asthma, severe asthma and paediatric asthma,
comprising administering to a human patient in need thereof a composition 25 according to the
foregoing embodiments disclosed herein.



The effectiveness of the treatment may be assayed, as disclosed herein, by any technique capable of
assessing inflammation. In a preferred embodiment, the treatment of the respiratory disease is
assessed by counting cells recovered by 30 bronchiglveolar lavage (BAL). Inflammation can also be
assessed in sputum or in bronchial epithelial biopsies (Rutgers et al. Eur Respir J. 2000,
15(1):109-15). Non- invasive assessment of pulmonaré inflammation can also be assessed using

positron emidSidls AR S G ABRHOBF HE8IY ofd B U JERI B ored-e £ a1 ERFSRIBESHI 1, 2003,
21: 567-573). d4reAdvantamrousiy( the Rutmoney, ceis.stamele e dirop nsegroup £00sisting of

macrophages, neutrophils and lymphocytes. 5 The disclosed embodiment is capable of substantially

reducing infla tiORSHOrBLR-ARsE e assboing dativgestiaiptise el dysiigurredgpaning 40% or

more upon adpinistaticaetemataybambinr-GemnRANNG aTe: M siareid iRreferahbn4des, aRY, 60% or
more. 10 At the same time, the individual doses of a methylxanthine compound and the steroid can

advantageouSiPTettie R HEHibar by dedr dinssudure sy slnurade s, ks weds I efbrably 30%

or less, and idgally hys20%r ordgssxMiene the-aynergisticuegustiomaheetheennt erradministration of a
methylxanthine compound and a steroid is 40% or more, preferably 44% and advantageously 50% or

more, the addFFOLEHEPHEBY HRIHERR P e nsrettRibied v ot 1eut funniBgEslisly 20% or

less. WO 2006408240i R&aThaB2R0618084820tbdmref Description of the Figures Figure 1 Effect of
Theophylline, Dexamethasone or their combination, administered orally or intra-nasally, on total cell

numbers recovered in 5 the SAL 24 hr post final exposure. Figure 2 Plasma levels of Theophylline at
1 hr post@dmpnistiabdy) Witeplasma level of methylxanthine compound achieved as described

above is between Imeg/L and 1mg/L, advantageously 100meg/L-1mg/L, 250meg/L-
Img/L, 500meg/L-1mg/L. or 750meg/L-1mg/L. Advantageously, it is 950meg/L or
less, 900meg/L or less, 850meg/L or less, or 800mcg/L or less.

15 In the foregoing embodiments disclosed herein, the dosage of steroid which does not
exert any apparent pharmacological effect in the animal model of COPD is
advantageously below 0.5mg/kg, preferably between 0.1 and 0.4mgkg, most
preferably between 0.1 and 0.3 mg/kg. Advantageously, the dose of steroid is
0.1mg/kg or less.

20
There is moreover provided a method for the treatment of a chronic respiratory
discase selected from the group consisting of chronic obstructive pulmonary disease
(COPD), cystic fibrosis, steroid resistant asthma, severe asthma and paediatric
asthma, comprising administering to a human patient in need thereof a composition

25 according to the foregoing embodiments disclosed herein.

The effectiveness of the treatment may be assayed, as disclosed herein, by any
technique capable of assessing inflammation. In a preferred embodiment, the
treatment of the respiratory disease is assessed by counting cells recovered by

30 bronchoalveolar lavage (BAL). Inflammation can also be assessed in sputum or in
bronchial epithelial biopsies (Rutgers e al. Eur Respir J. 2000, 15(1):109-15). Non-
invasive assessment of pulmonary inflammation can also be assessed using positron
emission tomography and 18F~ﬂucnrockmxyghlcose: uptake (Jones et al. Eur Respir J,
2003, 21: 567-573). |



administered in combination with Dexamethasone by either the oral or intranasal route in TS exposed
mice. Figure 3 Effect of Theophylline, Dexamethasone or their combination, 10 administered orally or
intra-nasally, on macrophage numbers recovered in the BAL 24 hr post final exposure. Figure 4 Effect
of Theophylline, Dexamethasone or their combinati?[ , administered orally or intra-nasally, on
neutrophil numbers recovered in the BAL 24 hr post final exposure. 15 Figure 5 Effect of
Theophylline, Dexamethasone or their combination, administered orally or intra-nasally, on
lymphocyte n#‘ﬁlbers recoyere in the BAL 24 ﬁr post fir]cal e pg{sure. Detailed Description o?f the
Invention 20 THEBREETHvE %o%ué%oﬂ}%r)ys SEARdArd TECHATUES Dr 8?1%@5%%68?? dEpit chemistry,
as described inamopkdetaihbetophils 2he Senpaxst picthe invention, certain terms have specific
meanings, as follows. 25 The invention describes the administration of teophyline and steroid drugs in
combination, and contrasts the combined administration with individual administration of said drugs in
isolation.5'In iSakatitn'] eecorditigly: nefersito diyenbde mihistbation aif theaplidinenfitihowt i stenoid, or vice
versa, irrespective of whether the, steroid is admijnistered before, concomitanily with or after the
theophyline. TR G0 MAREIES 0 MRS A b B T 8 83 8ing
administered simmittattiheyoCanmxét] faethplarmmapoingicaldetivite&linptké tabhe t rgaitism
contemporangB(;/J,sg{, or(ggparately. WO 2006/085102 PCT/GB2006/000482 16 "Combined use" or
"combination™within the meaning of the present invention is to be understood as meaning that the
individual components can be administered

10 At the same time, the individual doses of a methylxanthine compound and the steroid
can advantageously reduce cell numbers by a total, when added together, of 31% or
less, preferably 30% or less, and ideally by 20% or less. Where the synergistic
reduction of cell count on administration of a methylxanthine compound and a steroid
is 40% or more, preferably 44% and advantageously 50% or more, the additive effect

15 of the individual agents is preferably 31% or less, advantageously 20% or less.



simultaneously (in the form of a combination medicament), separately but substantially simultaneously
(for example in separate doses) or sequentially (directly 5 in succession or after a suitable time
interval, provided that both agents are active in the subject at the same time). "Effective”, referring to

treatment of i%gw&&%}@?onditiqns _and/or respiratory _disease, refers t019 %ﬂ'{},ﬁ AJegponse in an
assay which measures inflammation in 10 respiratordisease. The prefefred assay is bronchoalveolar

lavage (BEST..) followed by cell counting, wherein the presence of cells indicates inflammation of the

lung. In hum@riptiesispBd ofritleBeghsgutum and bronchial biopsy are preferred methods of
assessing inflammation. Inflammation may be induced by any desired means, such as tobacco smoke

inhalation, administration of irritants such as LPS, and the like. 15 Tobacco smoke inhalation is
preferred sind@gars $hown BfieetadiSicrpluilipatBeraapthicniorn0dei7 48mgnienise of LPS does not

faithfully reproduce an InflapimAQnE I BSRY B ERAL R 16 Ol LES ISIA AR IS IEEN L QPD. In the

context of the BAIJcell counting assay, "effective" preferably encompasses a reduction in cell
numbersby 30%, 35%, 409% B F43B09565898! B HB% or more compared to a control in which 20

the agent is nefgagiministeredsnghveffestMespioant A0 1he samaassayatomugénlower level of
response. Preferably, in the BATJcell.counting assay,."not effective” means th tthglreduction in cell
numbers is 30% or below, a vansttggedﬁg?y é‘%)n %%ﬂ?%%% oa;sﬁﬂ?%yfgggrﬁ%%r 9 219% or below,
and preferably 20% or beldnramesd paiéristabeappiebméffective” can encompass an increase in
inflammation,ﬁggig for example: mawgﬁ%%&%@%@gg&é@méyeans that the

effectiveness of'two agents is more than would be 30 expected by summing their respective individual

effectiveéfess in a given asaRHnEreSaRp L iRERaRsAYHiINE BRaT &SR RBmbers in the
BAL assay by 10% and 2QfaHespectivahpudienadapsiaiered in isolation, a synergistic response

would be-seqg 1 thg reduqtin n ol sumhels e 2Bovs 3006, ISTEIably aove 35%. 40%.
administered orally or intra-nasally, on neutrophil numbers recovered
in the BAL 24 br post final exposure.
15 Figure5 Effect of Theophylline, Dexamethasone or their combination,
administered orally or intra-nasally, on lymphocyte numbers recovered
in the BAL 24 br post final exposure.

Detailed Description of the Invention

20
The present invention employs standard techniques of pharmacology and
biochemistry, as described in more detail below, In the context of the invention,

certain terms have specific meanings, as follows.

25 The invention describes the administration of theophyliine and steroid drugs in
combination, and contrasts the combined administration with individual
administration of said drugs in isolation. “In isolation” arcr::cu:d.inglj&r refers to the
administration of theophylline without a steroid, or vice verss, irrespective of whether
the steroid is administered before, concomitantly with or after the theophylline. The

30 intention is to differentiate between the theophylliine and the steroid being
administered such that they can exert their pharmacological activities in the target

organism contemporaneously or separately.



50% or more, in a combined administration of the same agents at the same dose. WO 2006/085102
PCT/GB2006/000482 17 "Administered" refers to the administration of the entire dose of the agent,
such as in a bolus dose, to the intended subject. In the context of the present invention, dosage is
preferably expresse ms of plasma levels achieved (<5mg/L; 6-9mg/L,; with plasma
levels preferab 3(/) |%’§g"% SaE(rg1£5mg/L, and most preferalilg less than | mg/L. A!F gi&gﬁi‘g@lﬁl{%ount of
agent administered as described above. 10 "Unit dosage" form is a preparation of a pharmaceutical
composition 10 90¢ 0L §1G1S PaGHAIRA AN ERAALINDIGNEIpialbR meiagn dosge I
accordance wi e invention. 15 Methylxanthines and Steroids Theophylline and oplayliine
Theophylline trdsttecdtrastupsagingyihpel§t: DAY ESLiSCTToTH-aN ARds available

commerciallyslﬁggggr@d@getﬁ)@f brangRames ainchaaingad@e urhedinan®hth e sehimatélyrobate, Afonilum,
Aquaphyllin, Armophylline, Asmalix, Aystyn, Bilardyl, Bron gzﬂgg@ﬁpylline,
Constant T, DUPFRGHH mougﬁﬁ?%%kaﬁé%%&ﬁ%gq%%%ﬁ& Eughyllin,lyEuphylpng, LaBID,
Lanophylin, Lasmastivebn afdyspambRrtveintealninuide fkabbrihegerss B6i#FeH Respid, WO
2006/085102 £C1/GR 20060004 Rne)

“Bffective”, referring to treatment of inflammatory conditions andfor respiratory
disease, refers to obtaining a response in an assay which measures inflammation in
10 respiratory disease. The preferred assay is bronchoalveolar lavage (BAL) followed by
cell counting, wherein the presence of cells indicates inflammation of the lung. In
human patients, BAL, induced sputum and bronchial biopsy are preferred methods of
agsessing inflammation. Inflammation may be induced by any desired means, such as
tobacco smoke inhalation, administration of irritants such as LPS, and the like.
15 Tobacco smoke inhalation is preferred since, as shown previously in UK patent
application 0417481.9, the use of LPS does not faithfully reproduce an inflammatory
response that is steroid resistant as is seen in COPD. In the context of the BAL/cell
counting assay, “effective” preferably encompasses 2 reduction in cell numbers by
30%, 35%, 40%, 45%, 50%, 60%, 65%, 70% or more compared {o a control in which
20  the agent is not administered.

“Not effective” means, in the same assay, a much lower level of response. Preferably,
in the BAL/cell counting assay, “pot effective” means that the reduction in cell
numbers is 30% or below, advantageously 28%, 27%, 26%, 25%, 24%, 23% 22% or
95 919% or below, and preferably 20% or below. In some instances, “not effective” can
encompass an increase n inﬂammat‘ien,_ seen for example as an increase in cell

pumbers.

“Synergistic” means that the effectiveness of two agents is more than would be
30  expected by summing their respective individual effectiveness in a given assay. For
example, if theophylline and a steroid reduce cell numbers in the BAL assay by 10%
and 20% respectively when administered in isolation, a synergistic response would be
seen if the reduction in cell numbers were above 30%, preferably above 35%, 40%,

50% or more, in a combined administration of the same agents at the same dose.



18 Slo-Bid, Slo-Phyllin, Solosin, Sustaire, Talotren, Teosona, Theobid, Theoclear, Theochron,
Theo-Dur, Theolair, Theon, Theophyl, Theograd, Theo-Sav, Theospan, Theostat, Theovent, T-Phyl,
Unifyl, Uniphyl, Uniphyllin, and Xanthiuei. The chemical name of Theophylline is
3,7-dihydro-1,3-dimethyl-IH-purine-2,6-dione or 5 1,3-Dimethylxanthine and its general chemical
formula is C7M§\fﬂws Wﬁnophylline A theophylline %erivative, this is syngﬂf/ﬁgﬂ'gw&?ﬁﬁeophylIine
ethylenediamine. Aminophylline is a derivative of thé phylline; both are methylxanthines and are 10
derived from Xanthines. The drug aminophylline differs somewhat in its structure from theophyllinein
that it contains ethylenediamine, as well as more molecules of water. Aminophylline tends to be less

potent and stdderstrmsiaferhsobeyatmininzatin efthe seEruloserl St 28576 PR BH ON-CH2 CH.
NH2 ~N N | H56Gl {QASINLE HRRa2isegasign ieaninportioniad thestéahaleshdasedosagebe swallowed,

it is important to note that theophylline is well absorbed from the gastrointestigal tract yvith up to 90 20
100 per cent%iaﬁéﬁﬁﬁliﬁpﬁéﬁgl%&?ﬁgﬁ%@%% ‘v'\ﬁ]t%ilaﬁgﬁ{ef%%a?é ov%n%mﬁzgeg#\(l)n, but this is

slowed by themnesenerop s, Frdopiujiiasydeap froximeBly260mpest puieishisases Sketein bound and
has a mean voluge of distribution of 0.51/kg. Plasma protein binding is reduced in infants and in

patients with i cirrhosis. The mean plasma half-life of theophylline is about 8 hours in adults

although there is large 25 intra- and inter-individual variation, and also varies greatly with age being
A “dose” is an amount of agent adminisiered as described above.

10 *“Unit dosage” form is a preparation of a pharmaceutical composition in one or more

packaged amounts, each of which contains a single dosage in accordance with the

invention.

15 Methyixanthines and Stercids
Theophyliine and aminephyliine

Theophylline has the structure shown below:
20
| 0

N
N
W
or!@N
CH,

and is available commercially under a variety of brand names, including Accurbron,
25 Aefobin, Aerolate, Afonilum, Aquaphyllin, Armophylline, Asmalix, Austyn, Bilordyl,
Bronchoretard, Bronkodyl, Cetraphylline, Constant T, Duraphyliin, Diffumal,
Elixomin, Elixophyllin, Etbeophyl, Euphyllin, Huphylong, LaBID, Lanophyliin,
Lasma, Nuelin, Physpan, Pro-Vent, PulmiDur, Pulmo-Timelets, Quibron, Respid,



approximately 30 hours in premature neonates, 12 hours within the first 6 months, '5 WO
2006/085102 PCT/GB2006/000482 19 hours up to the fast year of life and approximately 3.5 hours up
to the age of 20 gradually increasing again thereafter. Theophylline is mainly metabolised in the liver
by demethylation or oxidation using 5 the cytochrome P450 system. Only small amounts are excreted
by the kidney WRAGHEMIRME2 and dosage adjustments in renal failure are unRSEEERANY Mlowever,

caution needs to be exercised when using other drugs that are also metabolised by the cytochrome

System whengosage adlusien S Bed | SBE T IRAoR TEoR Y RGD ARG o placia

levels. Many rfere with the metabolism of 10 theoph Illne S eC| care should be taken

with certain dﬁh@dﬂma%&t@@ﬁswaﬁcﬂ‘f@ﬁ%egﬁwgwam iNVay® obstruction may
be inadvertenly. put orpiBami omﬁﬂgrawgmﬁﬂiﬁ@ﬁmndﬁeoﬁw&mmmeﬁmnsm These
include the macrollde (e.g. erythromy. olone f .fami Lantibiotics
which both rethsEEIHy g’%{%&‘fﬁf&g %%éfﬁﬁ dD~ egrees @m&{ﬁ%’r g( gs 15%?5”’[%%%&% theophylline
clearance |nck@m@d&mbﬁ@ﬂm@e&mﬂmﬁmﬂnﬂl&mﬁh@ﬂj@ﬁW&%ould be a rather unusual

therapeutic combination). Drugs that increase theophylline metabolism include rifampicin,
phenobarbitone and particularly phenytoin and carbamazepine but not the oral contraceptive pill. The
rate of metabedigneopliyliawphylline is increased substantially in cigarette smokers (the half 20 life can

be halved), a'}b%ﬂ%ﬁ@ﬂiﬁ@%@aﬁ@ifm%i@y&k&ﬁ@nﬁ&&xﬁiﬂﬁh&@hﬂﬂiﬁhﬁﬁ%&ﬁi@ﬁmking marijuana
has a similar effect as'can eatma%%h & %an dLet He at%rl a?ésfun gg %@&fg}mrg\:@nd cor
pulmonale all Aeriperbylins|ithin Ythe eSﬂPn% Fid T8W albumin States reduce the amount of
protein b@mddgﬂsb@drﬁfdﬁﬁ Yiaadnao E&ﬁuﬂ&@hmmﬁwlbnelélffeeﬁdsmﬁﬁﬁéppi@témﬁﬁ%autlon
Therefore, as 25 the dipisal sale.gf | P%@E@érﬂ@i&@%ﬁ&é‘%@%ﬂ%@ﬁ@%@%&%ﬂt@wﬂh cor

pulmonary im 5% arance of theophylline alters, and dosage adjustme ts
water. Ammophylhne tends to be ss potent and shorter acting than Jthee

structure i1s shown below:

15 1y

— — @ HN—CH;—CH;—NH,

H:Cu
B

Since a significant portion of the inhaled dose may be swallowed, it is important to
note that thwphyﬂmc is well absorbed from the gastrointestinal tract with up to 90-
20 100 per cent bioavailability. Peak levels are achieved within 1-2 hours following
ingestion, but this is siowed by the presence of food Theophyliine is approximately
60 per cent plasma protein bound and has 2 mean volume of distribution of 0.5Vkg.
Plasma protein binding is reduced in infants and in patients with liver cirrhosis. The
mean plasma half-life of theophylline is about 8 hours in adults although there is large
7% intra- and inter-individual variation, and also varies greatly with age being

approximately 30 hours in premature neonates, 12 houss within the first 6 months, S



may be necessary. Administering the methylxanthine by the inhaled route for pulmonary delivery is not
30 only desirable to maximise the locally mediated pulmonary anti-inflammatory synergy with the
inhaled steroid, but also to administer the methylxanthine at lower doses (<25 mg) resulting in minimal

systemic expQsure. (< [L). Very low methylxanthine plasma levels may,signifi }ﬁ reduce the
incidence of t%%as%é%}r%&c% 2side effects of standard or@ methylxanthine their’gg)[/a g@‘@rﬁ g@%bove. \We

2006/085102 PCT/GB2006/000482 20 Methylxanthinnes Methylxanthine compounds, which include

theophylline mﬁm@m@% bauedhgroenepleraR @ XnRirQ:H R7 Be \WeseingX represents
hydrogen, an aliphatic_hydrocarbon radical or -CO-NR3R4; 10 R, R2 and R3 represent aliphatic

hydrocarbon Eafeally RAssHHe a&Hs5EA5GEN or an aliphatic hydrocarbon radical and R3 and R4
together with the nitrogen atom may also represent an alkylene imino radical with 5 to 6 ring

T A T b TR e g et g e

especially premremommfﬁﬂ system. Only small amounts are excreted by the kidpey
unchanged, and dosage adjustments in renal failure are unnecessary. However,
caution needs to be exercised when using other drugs that are also metabolised by the
cytochrome system when dosage adjustments need to be made in conjunction with the
measurement of piasma levels. Many drugs may interfere with the metabolism of

10  theophylline. Special care should be taken with certain antibiofics as patients with
acute infective exacerbations of their airways obstruction may be inadvertently put on

thern without consideration of the effects on theophylline metabolism. These include

the macrolide (e.g. erythromycin) and guinolone (e.g. ciprofloxacin) families of
antibiotics which both reduce theophylline ciearance to varying degrees. Other drugs

15  that reduce theophylline clearance include cimetidine, allopurinol and propanoio]
(although this would be a rather unusual therapeutic combination). Drugs that increase
theophylline metabolism include rifampicin, phenobarbitone and particularly
phenytoin and carbamazepine but not the oral contraceptive pili. The rate of
metabolism of theophylline is increased substantially in cigarette smokers (the half

20  life can be halved), although may not be significant in those who smoke less than
10/day. Smoking marijuana has a similar effect as can eating a high protein diet.
Hepatic dysfunction, heart failure and cor pulmonale all reduce the elimination of
theophyliine, and low albumin states reduce the amount of protein bound drug in the
blood, so results of plasma levels need to be interpreted with caution. Therefore, as

25  the clinical state of the patient with heart failure or respiratory failure with cor
pulmonale improves, the clearance of theophylline alters, and dosage adjustments

may be necessary.

Administering the methylxanthine by the inhaled route for pulmonary delivery is not

30 only desirable to maximise the Jocally mediated pulmonary anti-inflammatory
synergy with the inhaled steroid, but also to administer the methylxanthine at lower
doses (<25 mg) resulting in minimal systemic exposure (< lmgfl). Very low
methyixanthine plasma levels may significantly reduce the incidence of the systemic
side effects of standard oral methyixanthine therapy described above.



20 Steroid drugs in general are suitable for use in the present invention. Particular steroids are set
forth below. Common inhaled steroids include: 25 (r) Pulmicort(r) (budesonide) Flovent(r)
(fluticasone) WO 2006/085102 PC /GB2006/000482 21 Asmanex(r) (mometasone) Alvesco(r)

(cilcesonide) \Aetabid(p) (flunisolide) Azmacort(r) (triamcinolone) 5 Qvargy-thasiapeihasone HFA)

Steroids may also be administered in the form of comfpinations with long acting bronchodilators with a
range of mechanisms including beta 2 adrenergic agonists (such as formoterol or salmeterol) and/or
muscarinic ar{ggauisissuett as ipratropium and tiotropium. The bronchodilator included in the steroid
10 combination cah have beta 2 adrenergic agonist and muscarinic antagonist activity in the same
molecule. Advair(r) (Flovent(r) and Serevent(r)) Note: Serevent(r) is the long acting beta- agonist

salmeterol. Smaﬁmﬁﬂmﬁﬁl?ubmpmﬁﬁé artdoD disfneNmtepiPlisd ankdanumgrisiiing beree s agonist
formoterol. Other steroi d BZ agonist combinations are in clinical development such as Ciclesonide
and formoterd¥ 5 casone and formoterol (Flutiform). These products may also benefit from
combinati®n therapy with inhaled theophylline. 20

AN )‘l\//
)\f

A
Fiz 5

Whersin
X represents hydrogen, an aliphatic ydrocarbon radical or CO-NR3R«,

10 Ry, R;and Rsrepresent aliphatic hydrocarbon radicals;
Ry represents hydrogen or an aliphatic hydrocarbon radical and R; and Ry together
with the nitrogen atom may also represent an alkylene imino radical with 5 to 6 ring
members or the morpholino radical; and
Rs represents bydrogen or an aliphatic hydrocarbon radical.

15
All such compounds are within the scope of the present invention; however,
theophylline itself is especially preferred.
Steroids

20

Steroid drugs in general are suitable for use in the present invention. Particular

steroids are set forth below.

Common inhaled steroids include:
Al e Pulmicori® (budesonide)

e Flovent® (fluticasone)



Common steroid pills and syrups include: Deltasone(r) (prednisone) Medrol(r) (methylprednisolone)
Orapred(r), Prelone(r), Pediapred(r) (prednisolone) 25 WO 2006/085102 PCT/GB2006/000482 22
‘Budesonide OH CH3 CH3 "00 HO CH3 Htd H O Chemical name: CzsH3406: 430.54 (+} - [ (RS) -

16a, 17a - Butylidenedioxy - lib, 21 5 - dihydroxy - 1, 4 - pregnadiene - 3, 20 - dione] CAS Registry
Number : 513%9. 395854 fsonide was originally synshesised from 16a- hyﬁ?&?@ﬁ?@ Hfne. The
unigue structure of the molecule is the key to its com%nnatlon of high topical anti 10 inflammatory
potency with relatlvely low po §%9|al for s stemlc side-effects. In addition, budesonide is both
sufficiently water® softiBieTet lon in mucosal fluids and lipid soluble for rapid uptake by
mucosal membraneaiBeesd saiteeade}al group is asymmetrical, budesonide exists as a 1:1 mixture of
two epimers, knowr}‘gl%b%ég &'Pd 2%15 }5 Fluticasone HH ~CHI jCH3 --CH3
e Azmacort® (triamcinolone)
5 ¢ Qvar® (beclomethasone HFA)
e Steroids may also be administered in the form of combinations with long
acting broncﬁodiiators with 2 range of mechanisms including beta 2 adrenergic
agonists (such as formoterol or salmeterol) andfor muscarinic antagonists such
as ipratropium and tiotropium. The bronchodilator included in the steroid
10 combination can have beta 2 adrenergic agonist and muscarinic antagonist
activity in the same molecule.
e Advair® (Flovent® and Serevent®) Note: Serevent® is the long acting beta-
agonist salmeterol.,
e Symbicort® (Pulmicort® and Oxis®) Note: Oxis is the long acting beta-
15 agonist formoterol.
e Other steroid / B2 agonist combinations are in chmcal development such as
Ciclesonide and formoterol, and fluticasone and formoterol (Flutiform).
These products may also benefit from combination therapy with inhaled
theophylline.
20
Common steroid pills and syrups inciude:
¢ Deltasone® (prednisone)
¢ Medrol® (methylprednisolone)
e Orapred®, Prelone®, Pediapred@ (prednisolons)
25



H O WO 2006/085102 PGT/GB2006/000482 23 B _N : Cutivate, Flixonase, Flixotide, Flonase,
Flovent, Flunase CHENHCALJ4 . (6(,11(,16(,17()-6,9-difluoro-11-hydroxy-16-methyl-3-oxo-17-(1- 5
oxopropoxy)androsta-1,4-diene-17-carbothioic acid S-(fluoromethyl) ester CBEJNCAEF(r) LA :
C25H31F3(r)5S (32AS ER : 80474-14-2 10 Ciciesonide 0015B _N: Alvg‘%i:%};%—dgﬁ%gf\E_N ;
(R)-libeta,I6af’6’ﬁ)a,(iﬂff%f%trahydroxypregna—l,4-di%e-3,20-dione, cyclic 16,17- acetal with
cyclohexanecarboxaldehyde, 21-isobutyrate 20 CHENUCAL FO A : C32-H44-07 CAS_ER:

141845-82-1 %5 gvo 2086/085102 PCT/GB2006/000482 24 Beclomethasone OH CHg -,..OH CH3
>CH3H udesonide

Chemical name: CosHaeOg: 43054 (+) - [ (RS) - 163, 17a - Butylidenedioxy - 11b, 21
5 - dihydroxy - 1, 4 - pregnadiene - 3, 20 - dione]
CAS Registry Number : 51333-22-3

Budesonide was originally synthesised from 162-hydroxyprednisolone. The unique
structure of the molecule is the key to its combination of high topical anti-

10 inflammatory potency with relatively low potential for systemic side-effects. In
addition, budesonide is both sufficiently water soluble for easy dissolution in mucosal
fluids and lipid soluble for rapid uptake by mucosal membranes.

Because the acetal gronp is asymmetrical, budesonide exists as a 1:1 mixture of two
epimers, known as 22R and 225.
15

Fluticasone




H CEIEAHCAL-NAME 5 (11(,16()-9-chloro-11,17,21-trihydroxy-16-methylpregna-l,4-diene-3,20-dione
C AIICAL_FO A C22H29C105 CAS_RR 4419-39-0 10 BRAND NAMES (V) Aerobec
(beclomethasone dipropionate), Aldecin (beclomethasone dipropionate), Anceron (beclomethasone
dipropionate), Andio lomethasone dipropionate), Beclacin (beclomepgaﬁ ' jonate),
Becloforte (bé@ozr‘?‘l{%%’héa%%%e dipropionate), 15 Beclomet (beciomethasone |p%%$g%§%%g§eclorhinol
(beclomethasone dipropionate), Becloval (beclomethasone dipropionate), Beclomnt (beclomethasone
dipfOpiOﬂateh;@ﬁ&%dWIWWMMQQ,MQ@MMQQ%OM dipropionate),
Beconasol (becfomethasone dipropionate), Becotide (beclomethasone dipropionate), Clenil-A
(beclomethasone dipropionate), Entyderma (bec lomethasone 20 dipropionate), Inalone
(beclomethagqpgndiprapjonatepeKorbutone (beclomethasone dipropionate), Propaderm

(beclomethasone dipropionate), Qvar (hecl metlér one dipropionate), Rino-Clenil (beclomethasone
dipropionatef?é%?r‘a}&q’llrﬁQ)'(éa}égﬁéﬂzf?ﬁ%’[ﬁa%g%é’y&?%g |8ng?e'95,0§3?1%2{ myl (beclomethasone
dipropiorate hxMansendaaifbesibhdibasdhesdiptbivicrid)S VakueniethiEblewsethasone dipropionate),

25 Viarex (beclomethasone dipropionate), and Viarox (beclomethasone dipropionate). WO

2006/085102 PCT/GB2006/000482 25 Triamcinolone HO CH3 H CHS3,,0 CH3
CHEMICAL_FORMULA : CysHziFa055

CAS_NUMBER : 80474-14-2
10
Ciclesonide

15 BRAND NAMES: Alvesco

CHEMICAL _NAME:
(R)-11beta,16alpha,17.21-Tetrahydroxypregna-1,4-diene-3 J20-dione, cyclic 16,17-
acetal with cyclohexanecarboxaldehyde, 21-isobutyrate
20
CHEMICAL _FORMULA : Cyp-Haa-Or

CAS_NUMBER : 141845-82-1

25



H 3 H O 5 BRAND-YAAJES Aristocort, Aristospan, Azmacort, Kenalog Nasacort CHEMICAL-NAME
(11(,160-9-fluoro-11,21-dihydroxy-16,17-[1-methylethylidenebis(oxy)]pregna-1,4- diene-3,20-dione 10
CHEMICAL-FO A C24H31F" C6 CAS ER 76-25-5 15 Salmeterol/ Advair BRAND-NAMES
*1-hydroxy-2-na h%%%ﬁﬂ;l-hydroxy-2-naphthoate: Arial, Salmetedur, SeggMank 4k edoeCA N_
(()-4-hydroxy}?’5{[)fg- -phenylbutoxy)hexyl]lamino]mefhyl]-1,3-benzenedimethanol
CHEMICAL-FORMULA C25H37NO4 CAS ER 25 89365-50-4 WO 2006/089102

PCT/GB200640048tRaskiHO OH NH

CHEMICAL NAME
5 (11(,160-9-chioro-11,17,21-trihydroxy-16-methyipregna-1 4-diene-3,20-dione
CHEMICAL _FORMULA
CoaHaoClOs
CAS_NUMBER
4419-36-0
10
BRAND NAMES (VARIANT)
Aerobec (beclomethasone dipropionate), Aldecin (beclomethasone dipropionate),
Anceron (beclomethasone dipropionate), Andion (beclomethasone dipropionate),
Beclacin (beclomethasone dipropionate), Becloforte (beclomethasone dipropionate),
15 Beclomet (beclomethasone  dipropionate),  Beclorhinol  (beciomethasone
dipropionate), Becloval (beclomethasone dipropionate), Beclovent (beciomethasone
dipropionate), Becodisks (beclomethasone dipropionate), Beconase (beclomethasone
dipropionate), Beconasol (beclomethasone dipropionate), Becotide (beclomethasone
dipropionate), Clenil-A (beclomethasone dipropionate), Entyderma (beclomethasone
20 dipropionate), Inalone (beciomethasone dipropionate), Korbutone (beclomethasone
dipropionate), Propaderm (beclomethasone dipropionate), Qvar (beclomethasone
dipropionate),  Rino-Clenil  (beclomethasone  dipropionate), Sanasthmax
(beclomethasone  dipropionate), -Sanasthmyl (beclomethasone  dipropionate),
Vancenase (beclomethasone dipropionate}, Vanceril (beclomethasone dipropionate),

25 Viarex (beclomethasone dipropionate), and Viarox (beclomethasone dipropionate).



0 WO 2006/085102 PCTIGB2006/000482 27 Methylprednisolone 0 -OH HO H3 ,,OH CH-3 H FI
CH3 CHEMICAL,-NAME (6(, 110-11,17, 21-trihydroxy-6-methylpregna-1, 4-diene-3, 20-dione 5
CHEMICAL FO ULA C22H30C35 CAS-NUMBER 83-43-2 B NAMES 10 Medrate, Medrol, Medrone,
Metastab, Metrisone, Promacortine, Suprametil, Urbason Prednisone OH CH3, OH H3 H 0 15
BRAND-NAAM P25, Colisone, Cortancyl, Dag%ortin, Decortancyl, DEES R 25&/CM N,

‘Deltacortone, Deltasone, Deltison, Di-Adreson, Enc ?on, Meticorten, Nurison,

Triamecinolone

5 BRAND NAMES

Aristocort, Aristospan, Azmacort, Kenalog Nasacort
CHEMICAL_NAME
(11(,16()-5-fluoro-11,21-dihydroxy-16,17-[ i-methylethylidenebis(oxy)pregna-1.4-
diene-3,20-dione

10 CHEMICAL _FORMULA
CFi3F O
CAS_NUMBER
76-25-5

i5 Séimetemli AdVai?

BRAND_NAMES
*1-hydroxy-2-naphthoate *1-hydroxy-2-naphthcate: Arial, Salmetedur, Serevent

20 CHEMICAL _NAME
((-4-hydroxy-(-[[[6-(4-phenylbutoxy)hexyl]aminolmethyl]-1,3-benzenedimethancl
CHEMICAL_FORMULA
CasHaNOs
CAS_NUMBER

25 89365-50-4



Orasone, Paracort, Prednilonga, Pronison, Rectodelt, Sone, Ultracorten 20 CHEMCAL_NAMR
17,21-dihydroxypregna-1,4-diene-3,11,20,trione WO 2006/085102 PCT/G&2006/000482 28
CIIEEMICAL_F(r) C21Hz6a5 CAS_ER 53-03-2 5 Formulation Xanthine derivatives such as
theophylline an%% ér&gglr&ylli_ne are available_in a variety of _pharmaceutic%&g%@gj&@%zukewise,
steroid drugs e Wige y'available in a 10 variety of fQ mulations. Formulations used in the examples
described herein are further detailed below, but any tormulation may be used in the present invention
which allows inhaled delivery (oral or nasal inhalation) of the drugs to the subject in the desired
dosage. 15 Preferred compositions for use according to the invention may suitably take the form of
tablets, blisters, capsules, granules, spheroids, powders or liquid preparations. In this invention
theophylline is administered in inhaled form. Aerosol generation can be carried out, for example, by
pressure-driven jet gg@mizers or ultrasonic atomizers, 20 but advantageously by propellant-driven
metered aerosgls or propellant-free administration of micronized active compounds from, for example,
inhalation capsulgs orOther "dry powder" delivery systems. Steroid drugs may be administered by




in addition to the active compounds the administration forms additionally contain the required
excipients, such as, for example, propellants (e.g. Frigen in the case of metered aerosols),
surface-active substances, emulsifiers, stabilizers, preservatives, 30 flavorings, fillers (e.g. lactose in
the case of powder mhalers) or, if appropriate, further active compounds. For t urposes of
inhalation, a 13§ TBLE  of apparata are available wjth which aerosols cﬁ%ﬁﬁ?ﬁf?ﬁ’ Atfitie size can
be generated and admlnlstered using an WO 2006/085102 PCT/GB2006/000482 29 inhalation
technique Wh'ﬁg Ny ; ata%r the patient. In addition to the use of adaptors (spacers, expanders)
and pear-shapet comnt: "6.0- Nebulator(r), Volumatic(r)), and automatic devices emitting a puffer
spray (Autohaler(r)) for metered aerosols, in particular in the case of powder inhalers, a number of
technical 5 solutions are available (e.g. Diskh adisk(r), Accuhaler(r), Turbohaler(r),
Clickhaler(r), Duohaler(r), Evohaler(r), Twistha ' [
Resplmat(r) Soft MistTM Inhaler) QLeLh for-€Xdmple as described in European Patent

spastic bronchitis emphysem, Le-fibrabis,! steroid resistant asthma (including smoking

i an e treated by the combination according to the
invention. The synergistic 1a#embine of the invention is particularly indicated in long-term therapy,
since lower quantities of g}ugs are needed than in conventional monotherapies. 1. MA:TERLBLS 20
Compounds were purchased from an e@@g}al supplier. Carboxymethyl-cellulose (CMC) (Na salt)
(product code C-4888) was obtained from Sigma. Phosphate

CHEMICAL _NAME 7
(6(,11(}-11,17,21-trihydroxy-6-methyipregna-1,4-diene-3,20-dione
5 CHEMICAL FORMULA
Caabi300s
CAS_NUMBER
. 83-43-2
BRAND NAMES .
10 Medrate, Medrol, Medrone, Meiastab, Meirisone, Promacortine, Suprametil,

Urbason

Prednisone

15
BRAND _NAMES
Ancortope, Colisone, Cortancyl, Dacortin, Decortancyl, Decortin, Delcortin,
Deltacorione, Deltasone, Deltison, Di-Adreson, Encorton, Meticorten, Nurison,
Orasone, Paracort, Prednilonga, Pronison, Rectodelt, Sone, Ultracorten

20 CHEMICAL NAME
17,21-dihydroxypregna-1,4-diene-3,11,20 trione



buffered saline (PBS) was obtained from Gibco. Sterile saline (0.95w/v NaCl) and Euthatal (sodium
pentobarbitone) were obtained from Fresenius Ltd and the Veterinary Drug Company respectively. 25
The tobacco smoke was generated using 1RI cigarettes purchased from the Institute of Tobacco

Research, University of Kentucky, USA. Mice 30 Female inbred A/J mice % i n initial day
of use: -20 g) Wgréogﬁb%?f?éd from Harlan, full barrierzgred and certified freé %%%E%%
micro-organisms on receipt. The mice were housed; up to 5 per cage, in individually ventilated,

polycarbonate”$HINMbOAGNBORMIHESAVC) with grade 8 aspen chip bedding. Environment (airflow,

temperature %E‘db? idity) within the cages was controlled by WO 2006/085102 PC /GB2006/000482

30 the IVC sysfémzs( echniplast). Food (RM 1, Special Diet Services) and water were provided ad

libitum. Individeib INIFAEERere identified by unique coloured "pentel” markings on their tails, weighed
and randomlysgsgigned to treatment groups. 5 2. FORMULA770N Frequency of formulation:
Compounds were formulated fresh every day prior to each infra-nasal (i.n.) or oral dosing. 10 3.0
METHODS Previous studies have established that the total numbers of cells recovered in the BAL are
significantly elfxatetkBdoh following the final TS exposure of 11 consecutive daily TS exposures, this
time point was used in the study reported here. 15 Protocols for the exposure of mice to TS, obtaining
bronchoalveolar lavage (BAL), preparation of cytospin slides for differential cell counts are as outlined

below. Expostaeiipa et wes nSirakpsopinilinsmdcumirophyfline are available in a variety
of pharmacentical preparations. Likewise, steroid drugs are widely available in a
10 variety of formulations. Formulations used in the examples described herein are
further detailed below, but any formulation may be vsed in the present invention
which allows inhaled delivery (oral or nasal inhalation) of the drugs to the subject in
the desired dosage.

15  Preferred compositions for use according to the invention may suitably take the form

of tablets, blisters, capsules, granules, spheroids, powders or liguid preparations.

In this invention theophyliine is administered in inhaled form. Aerosol generation can
be carried out, for example, by pressure-driven jet atomizers or ulirasonic atomizers,
20  but advantageously by propeliant-driven metered aerosols or propellant-free
administration of micronized active compounds from, for example, inhalation
capsules or other “dry powder” delivery systems. Steroid drugs may be administered
by either the oral or inhaled route. Advantageously, the steroid drugs are
administered by the inhaied route,
25
"The active compounds are dosed as described depending on the inhaler system used,
in addition to the active compounds the administration forms additionally contain the
required excipients, such as, for example, propellants (e.g. Frigen in the case of
meiered aerosols), surface-active substances, emulsifiers, stabilizers, preservatives,
30  flavorings, fillers (e.g. lactose in the case of powder inhalers) or, if appropriate,

further active compounds.

For the purposes of inbalation, a large number of apparata are available with whick
aerosols of optimum particle size can be generated and administered, using an



20 In this exposure protocol, mice were exposed in groups of 5 in individual clear polycarbonate
chambers (27 cm x 16 cm x 12 cm). The TS from the cigarettes was allowed to enter the exposure
chambers at a flow rate of 200 ml/min. In order to minimise any potential problems caused by

repeated eXp%ﬁB%(}&e@smgh level of TS (6 cigarettes), the exposure of th@,@&iﬁ&&&}}%}g@j increased

gradually over thé exposure 25 period to a maximunb f 6 cigarettes. The exposure sc le used in
this study was as follows: Day 1: 2 cigarettes (approximately 16 min exposure) Day 2: 3 cigarettes

(approximatelyr2h#Bid eXRASHH VLA Ray i«%ﬁ&@@'ﬁ%ﬁ?ﬁ&gﬁﬂéﬁ%i@ﬁa&%{&% RnRXpasyFe) bay 4: 5
cigarettes (approximately 40 min exposuref%ay 510 11: 6 cigarettes (approximately 48 min exposure)

WO 2006/085HF59BC 17848550 70B0HES) 3 2K ARG GPIALE T efe BxgoeRda8 ™ ®r on a daily
basis for equivalentfie@)handf dumenaticconticds @nitibgexpeake) shriropohopdieeinr favage and
cytospin analysis_Br lveolar.lava s perfarmed as follows: The trachea was cannulated
ing a Ponel T A B U e e W SaeaR e

Phosphafe baefafsmssafip capribiec éheaifekhaleprirR@adighi®/ niirwhslarde dshdtsler®age fluid. A
volume of 0.4 s @SN hale e doRRL i heliAL B Hmes:1sig iy rgerand then placed in

an Eppendorf_tube and kept on icg, prior to subsequent determinations. Cell counts: Lavage fluid was
separated froﬁ?’i‘%%@ceﬁﬁﬁ?ﬁ@ﬁ?ioﬁ% "SUPRAIEEA ST dfPeh dfales R fErRlS oRSsubsequent
analysis. Thedesdtipellat Baspess BapandeglinadRAA0 $olse, GfPB30apoHDPEiwal, EPbers
calculated by@?ggig%%%%ﬂurks stain) aliquot under a microscope using a haemocytometer.
10
Respiratory diseases treated by the present invention specifically include COPD
(bronchitis, obstructive bronchitis, spastic bronchitis, emphysema), cystic fibrosis,
steroid resistant asthma (including smoking asthmatics) and paediatric asthma which
can be treated by the combination according to the invention. The synergistic
15 combination of the invention is particularly indicated in long-term therapy, since

lower quantities of drugs are needed than in conventional monotherapies.
1. MATERIALS

20 Cbmpounds were purchased from an external supplier. Carboxymethyi-cellulose
(CMC) (Na salt) (product code C-4888) was cobtained from Sigma. Phosphate
buffered saline (PBS) was obtained from Gibco. Sterile saiine (0.95w/v NaCl) and
Buthatal (sodmum pentobarbitone) were obtained from Fresenins 1td. and the
Veterinary Drug Company respectively.

25
The tobacco smoke was generated using IR1 cigareties purchased from the Institute

of Tobacco Research, University of Kentucky, USA.

Mice

30  Female inbred A/J mice (body weights on initial day of use: ~20 g) were obtained
from Harlan, full barrier bred and certified free from specified micro-organisms on
receipt. The mice were housed, up o 5 per cage, in individually ventilated,
polycarbonate solid bottomed cages (IVC) with grade B aspen chip bedding.
Environment (airflow, temperature and humidity) within the cages was controlied by



Differential cell counts were performed as follows: 20 The residual cell pellet was diluted to
approximately 105 cells per ml. A volume of 500 | was placed in the funnel of a cytospin slide and
centrifuged for 8 min at 800 rpm. The slide was air dried and stained using "Kwik-Diff solutions

(Shandon) aspgr, theprgprietary instructions. When dried and cover-slippaergiffasensipksells were
counted using light microscopy. Up to 400 cells wer ﬁounted by unbiased operator 25 using light

microscopy. Cells were differentiated using standard morphometric techniques. Pharmacokinetic
evaluation of flkadw@ sguets ¢fsbiedplayijinecadt¢Rbial 08 peridbBieg Servise pased:d/vence 30 The
mice were termi heti d.blood co ccardiac puncture into .syringes containing
2013 lithium ﬁr%gg?}% %}@E}ﬁ&?ﬁ‘eic?g@%%d 00 V%%gé%gig%éﬁgé yd%%gﬁ?ecc? ll%] oegp éndorf tubes before
centrifugatiormariinarcrb g tElasHeiehrdandonadasa navisns ey Sragomygionn® analysis by an
HPLC/MS/MS method. The equipment used in the measurement of plasma levels were a Micromann
Quatro WO 2006/085102 PCT/GB2006/000482 32 Micro Mass Spectrometer (Micromass UK Limited)
and a Waters®2 758M&HAEIAY liquid chromatograph (Waters USA). Six reference standard
concentrations were prepared by spiking mouse plasma with 5 stock concentrations of theophylline

dissolved in rpethanal, Sam Igft\{v%r%gre %rgg for apal ﬂs b%/ dgin 2001 of acetonitrile (containing

0.25mg/i dextror ‘%anbag a?ﬁrg?nt%rﬁd _'s,tamn%)arrl t‘é’%San each thawe ?a‘%‘%%ngﬁ%setaacﬁdard and

mixed vigorodsiiz-nEsatH-saraprezhdesiigndard was then centrifuged at 10000g for 2 minutes and the

supernatant removed for LC-MSIMS analysis. 10 Analysis of theophylline and dextrorphan was carried

out usin reverseﬁghase HPLC with tandem mass spectrometric detection (LC-MS/MS). Positive ions
g 3.0 METHODS

for pare

Previous studies have established that the total numbers of cells recovered in the BAL
are significantly elevated 24 b foliowing the final TS exposure of 11 consecutive daily
TS exposures, this time point was used in the study reported here.

15
Protocols for the exposure of mice to TS, obtaining bronchoalveolar lavage (BAL),
preparation of cytospin slides for differential cell counts are as outlined below.

Exposure of animals to TS daily for 11 consecutive days

20 In this exposure protocol, mice were exposed in groups of 5 in individual clear
polycarbonate chambers (27 cm x 16 ¢ x 12 cm). The TS from the cigarettes was
aliowed to enter the exposure chambers at a flow rate of 100 ml/min. In order to
minimise any potential problems caused by repeated exposure to a high level of TS (6
cigarettes), the exposure of the mice to TS was increased gradually over the exposure

25  period to a maximum of 6 cigarsttes. The exposure schedule used in this study was as

follows:

Day 1.2 cigarettes (approximately 16 min exposure)

Day 2: 3 cigareties (approximately 24 min exposure)
30 Day 3:4cigarettes (approximately 32 min exposure)

Day 4: 5 cigareties (approximately 40 min exposure)

Day 35to 11: 6 cigarettes (approximately 48 min exposure)



compound and a specific fragment product were monitored in a Multiple Reaction Monitoring mode
using a Micromass Quatro Micro Mass Spectrometer with 15 Micromass MassLynx software version
4.0. A 25.1 aliquot of each sample and standard was injected onto the liquid chromatography system.
Lowest order of quantification (LOQ) was determined as 0.016 mg/L with the detection limit being
0.003 mg/L. 2892 1¥3lfient regimes For the oral dgse study, mice receVel TEHMELES?
carboxymethyl cellulose), theophylline (3 mg/kg), déxamethasone (0.3 mg/kg), a

theophylline/detathetiasgner eombinatiapdaidons th3 MRIKGIESRELNNNRL Boaths of
theophylline/gg(aang%}a%%?snf cpé'nbination (at 1 and 0.3 mg/kg respectively) at 1]I1|our prior to and 6
hours post 2 {ODACCO SMO Iéc}exp%X ey -qh and +6 h) on each of the I1 days. In addition, animals
receiving steroid or the steroid combination were dosed with steroid 20 h prior to the first TS
exposure. Mice were additionally dosed 1 hour prior to sacrifice on the 12th and final day (23 hrs post
the last exposure). The control group of mice received vehicle on days | to 12 and were exposed to air
daily for 8 maXiRFERBY S R irAES286 Py @BiIsiand plasma collection was performed on day 12,

24 h followin@tbe-helvesith RagkiRak baxRes UES ¥R 2006/085102 PCT/OB2006/000482 33 For

the intra-nasal dose study, mice received.vehicle (PBS), theophylline (0.5 mg/kg), dexamethasone
(0.1 mg/kg), %%e%%ﬁéﬁir‘?%ﬁdg%nme AsoNe cao#l?i%ﬁﬁti%ﬂ"(%ﬁ@@%uﬁ)ﬁﬁﬁﬁmg(ﬂ@gpé@ﬁvely) a

theophylline/8&esndwrssde cappiviiation 8t:0r2 PaochBhafe BRFAEIresRe Sy s QHiAning
theophylline/ggi;@gl thasone.combination (a d 0.1.5 mg/kg respectively) at 1 hour prior to
tobaccgo smoke expgsure on egch of thg %bl %s. ﬁ?gé‘é‘?ﬁ%g 3#%%%? ?}eééwji &5 or the steroid

combin&fion Hefledsuddriffrasie dolires Tisady totnerine N8l éxpogiaced Miee Bgrmastditionally dosed
1 hour prior tabsaatifieeten ibeptidianmbdiaabalatisdisipast the last exposure). The control

Cell counts:

Lavage fluid was separated from cells by centrifugation and the supernatant decanted
15  and frozen for subsequent analysis. The cell pellet was re-suspended in a known

volume of PBS and total cell pumbers cajculated by counting a stained (Turks stain)

aliquot under a microscope using a haemocytometer.

Differential cell counts were performed as follows:

20 The residual cell pellet was diluted to approximately 10° cells per ml. A volume of
500 pl was placed in the funnel of a cytospin slide and centrifuged for 8 min at 800
rpm. The slide was air dried and stained using ‘Kwik-Diff’ solutions {Shandon) as per
the proprietary instructions. When dried and cover-slipped, differential cells were
counted using light microscopy. Up to 400 cells were counted by unbiased operator

25  using light microscopy. Cells were differentiated using standard morphometric
technigques,

Pharmacokinetic evaluation of plasma levels of theophylline after oral or i.n dosing
in IS exposed A/T mice

30  The mice were terminally anaestbetised and blood collected by cardiac puncture into
syringes containing 20U lithium Heparin in Sul. The collected blood was mixed and
decanted into eppendorf tubes before centrifugation in & microfuge. Plasma was
collected and stored at -80°C prior to analysis by an HPLC/MS/MS method. The

equipment used in the measurement of plasma ievels were a Micromann Quatro



group of mice received vehicle on days 1 to 12 and were exposed to air daily for a 10 maximum of 50
minutes per day. BAL and plasma collection was performed on day 12, 24 h following the eleventh
and final TS exposure. 3.2 Data Measurement and Statistical Analysis 15 All results are presented as
individual dat\?vpoints for each animal and the mean value was calculate%ﬁo{jgm&&ggz Since tests
for normality 6%0382?3\1,‘8 the data was subjected to;3 one way analysis of variance test (ANOVA),
followed by a Bonferroni correction for multiple 20 comparisons in order to test for significance
between treaineitidres HseofoReialnaioforma v asransidedediabe statidigalksignificant.
Percentage inhihifions were aut atic%gg( alculated within the Excel spreadsheets for the cell data
using the for %gfgwt%ﬁ%&%gg Atreatment group result - sham group result x 100 TS
vehicle group result - sham group result 25 Inhibition data for other parameters were calculated
manually using the above formula. 4.0 RESULTS 30 4.1 Inflammatory response in the

bronchoalveqig fapépdRedBdHead binelauandadaherE PRSRELIINS SxRRsYRBaOpTeH 4. post final
exposure) WO 2006/085102 PCT/GB2006/000482 34 In this study exposure to TS for 11 consecutive

days inddceF SRS TRAFRATAESR? Ye858 ASNGAHG TRERRSY I v eFR EEsted of significant
increases in BAdnalfsiebirephiig 20Gdrapiagedtdie ddynyhing)ieSwitedegampraedswith air exposed 5
mice (all P<0,Q01): 4Bt AdR eI BEASEMSINARPNS.ARY heophyline/dexamethasone

Fach sample and standard was then centrifuged at 10000g for 2 minuies and the

supernatant removed for LC-MS/MS analysis.
16

Analysis of theophylline and dextrorphan was carried out using reverse phase HPLC
with tandem mass spectrometric detection (LC-MS/MS). Positive ions for parent
compound and & specific fragment product were monitored in a Multiple Reaction
Monitoring mode using a Micromass Quatro Micro Mass Spectrometer with
15  Micromass MassLynx software versior 4.0. A 25ul aliguot of each sample and
standard was injected onto the liquid chromatography system. Lowest order of
quantification (LOQ) was determined as 0.016 mg/l. with the detection Hmit being

0.002 mg/l..

20 3.] Treatment regimes
~. For the oral dose study, mice received vehicle (1% carboxymethyl cellulose),
theophyiline (3 mg/kg), dexamethasone (0.3 mg/ke), a theephylﬁneidsxainetbasone
combination (at 3 and .3 mgfkg respectively) or a theophylline/dexamethasone
combination (at 1 and 0.3 mg/kg respectively) at 1 hour prior to and 6 hours post
25  tobacco smoke exposure (-1h and +6 h) on each of the 11 days. In atidition, anpimals
receiving steroid or the steroid combination were dosed with steroid 20 h prior to the
first TS exposure. Mice were additionally dosed 1 hour prior to sacrifice on the 12%
and final day (23 hrs post the last exposure). The control group of mice received
vehicle on days 1 to 12 and were exposed to air daily for a maximurn of 50 minutes
30  per day. BAL and plasma collection was performed on day 12, 24 h following the
eleventh and final TS exposure.



combination on the inflammatory response induced in the bronchoalveolar lavage by eleven daily
consecutive exposures to T'S (24 h post final exposure) 10 Neither theophylline nor dexamethasone
monotherapy when given orally or by the intra-nasal route significantly inhibited the total number of

cells recovered | induced by TS exposure (Figure 1). No statisti lP/ ignifi inhibitory
effect was sggérg‘gnpg%%% the specific cell types (Figgres 3-5).151n contrga% ,?%e%égo}%%%%tion of

theophylline/dexamethasone at all doses examined whether given orally or by the intra-nasal mute

significantly ighibited the I r of.cells recavered;| -63%.-(p<Q,001) (Figure 1).
This effect o%oc?g};ﬁ ce sn\ig\/%a%’g%%rghqgﬁge’gﬂ]é§ﬁﬁ?ﬁ?ﬁ%n%ﬁ%gm%@bﬁﬁéﬁﬂ%%ﬁﬁg fﬂgo& 20 lymphocytes
(Figure 3-5). detaingthaseaio(Un orgfeein hibiaephpime dewnrecibiasimeniaiebimgtionl (M fdPatadoy the
combination fierapx-is-RSeNted i dakieylirid=3hdirispas ekingicinalysipMiggiregeived a final

dose of the respective theoplgallIlne/Dexamel;hasone combination therapy 1 hour prior to sacrifice and

the plasma oA EEPSHIEEN A e ARTRRbLHEE HraeBRYRR C SRR @b Sdd itPihe oral
combinafion thgtapyshactinegyier mban fheaphylieopiasieegpodernt @osagassthwith dagse mice that
received intra-nasal. 30 combination therapy.(Figute 2). oral bination ther sing 3 mg/kg or 1
mg/kg theopﬁ'?/lfﬁe%%lr? %O%ﬁr%%g% Ei/rlv]‘ﬁﬁg ﬁg%ﬁg/\g;%ee%aer%é%th%%%%%%%% |¥‘é"’éein% er%/ﬁe&c;lr‘;v t eophylline
plasma levelsteroid 3¢ b nxor tnt fasdiS. axmepenod Mirg @ ees peEiiearls deseh ddwite pritsination therapy

using 0.5 WQ 2008085402 GHGRICASI0ARIES 85 MO8 Bpksae). Omedkgdheophyliine in

combination with 0.1 mg/kg Dexamethasone resulted in mean theophylline plasma levels of 0.074
0.013 mg/L, group of mice feceived vehicle on days 1 to 12 and were exposéd to air daily for a

10  maximum of 50 minuies per day. BAL and plasma collection was performed on day
12, 24 h following the eleventh and final TS exposure.

3.2 Data Measurement and Statistical Analysis
15 All results are presented as individual data points for each anima!l and the mean value
was calculated for each group.

Since tests for normality were positive the data was subjected to 2 one way analysis of
variance test (ANOVA), followed by a Bonferroni correction for muitiple
20  comparisons in order to test for significance between treatment groups. A “p” value of
< 0.05 was considered to be statistically significant. Percentage inhibitions were
automatically calculated within the Excel spreadsheets for the cell data using the

formuila below:
% Tnhibition = 1 - [ Tr&atme?nt group result — sham group result < 100
T8 vehiclie group result -~ sham group result
25
Inhibition data for other parameters were calculated manually using the above
formuia.
4.0 RESULTS

30
4.1 Inflammatory response in the bronchoalveolar lavage induced by eleven daily

consecutive exposures to TS (24 h post final exposure)



0.045 0.010 mg/L and 0.022 0.009 mg/L respectively. At the doses used intra- nasal administrated
theophylline resulted in very low (<0.1 mg/L) systemic 5 theophylline exposure 1 hour post dosing. 5.0
DISCUSSION in this study daily treatment with theophylline or steroid monotherapy failed to have 10
any inhibitory activity in this pulmonary inflammation model of COPD. Thi ary
anti-inflammat‘:‘g?:)y2 ac f?/%ﬂ}%vzvas observed whether the 4onotherapy was a m%%%@%%%e oral route
or a surrogate route for inhalation (intra-nasal dosing). However, when the compounds were
co-administered (by either the oral or infra-nasal route) at the same doses as given alone significant
anti-inflammatory activity was 15 demonstrated. Furthermore, lower doses of theophyliine in

combination WitithigestadyetraaBie WNefs dkio Hifitanseiti v slasyardus e cElreBedTd when the

combination thesapie Was, aslipinisi alediy chednamasabisiteivasieaisvalenicte-dae fficacy
observed when the combinagjon 20 t e%%%y Vézs administrated l:géy the %al rgnute desgit low doses of
both theophyMfie: ShAFERRREHRES PoSFPIHL §%§'§5 €A A 1 6&RG Griven by local
(lung spegificyrauaticatifBe0@itory activity. This [hypothesis] is further supported by examining the
theophylline content of the plasma, as infra-nasal administration produced very low systemic levels
(<0.1 mg/L). As an illustration, the efficacy 25 observed with oral combination therapy (1 mg/kg

theophylline/&& mBffeg: ek ahsenfidsae hawag cend (47dharrimiliorisaedfitingeo that

observed with infra;pasaleampinationtherany0 Lipwiko thanehylingld. Srmgikakiexamethasone)
(44% inhibition) when the steroid was given at 3 times lower, o nd theophylline at 10 times lower
B Fasdii

dose. Furthermore RGBSR HTEaERIE TRIFTTS G %S4Ehple. Taken

togetherighis data suggests that the combination therapy of theophylline and a steroid produces a
BB SRS RS 805G e g
intra-nasal route significantly inhibited the total number of cells recovered in the BAL
induced by TS exposure (Figure 1). No statistically significant inhibii:ory effect was

seen on any of the specific cell types (Figures 3-5).

15
In contrast, the combination of theophvliine/dexamethasone at all doses examined
whether given orally or by the intra-nasal route significantly inhibited the total
number of cells recovered in the BAL by 44—63% (p<0.001) (Figure 1). This effect

on total cells was comprised of inhibition of macrophages, neutrophils and
20 lymphocytes (Figure 3-3).

A full breakdown of the inhibition of TS induced inflammatory cell infiltrate by the

combination therapy is presented in Table 1.

25 4.3 Pharmacokinetic Analysis
Mice received a final dose of the respective theophylline/Dexamethasone combination
therapy 1 hour prior o sacrifice and the plasma from these mice was examined for
theophylline content. Mice dosed with the oral combination therapy had higher mean

theophylline plasma content compared with those mice that received intra-nasal

30  combination therapy (Figure 2},

Oral combination therapy using 3 mg/kg or 1 mg/kg theophylline in combination with
0.3 mg/kg Dexamethasone resulted in mean theophylline plasma levels of 1.37 £0.192
mg/L and 0.479 +0.047 mg/L respectively. Intra-nasal combination therapy using 0.5



36 These data demonstrate the steroid insensitivity of the mouse sub chronic TS model and
furthermore reinforce the synergistic effect of combining a steroid at a therapeutic dose with an
inactive dose of theophylline as a treatment paradigm for COPD. Ceritically, this effect is achieved
when the con\g@?ﬁh%%%%%a}py is admir_1istered by_ a 5 surrogate for the inhg}regéggt&mv% k%rz] permits
very low doses of theophylline to be given resulting i} plasma levels much Tower e hSse normally
associated with anti- inflammatory activity (5 mg/L). Table 1 Summary of the effects of theophylline,

dexamethasopg/gr thejk INGYOR R 1 %&%ﬂ?ﬁ&@@ﬁ- fammation.ahseedgéshrs following

11 daily exposures Treatment BAL [Inflammatory markers Total cells macrophages neutrophils
lymphocytes BFARFEIRIFsulise) i marab GreprreEs minHerisTs ik §F 4-994(#8y012m88) -10% (ns)
1%(ns) Dexampdthasmie B madkg)ozb36.0i8) ) rsiciedy. (a8} 1H80d0ass vkbeamiline (3 mg/kg
+63% (p<0.00]§ 77°é0 SEKO.QgglltgGW <.0.0§%4 % (ns) Dexqmetg%sgne ﬁémg/ﬂ( .Theophylline (1
mg/kg + 47%%< . o (p ?’88% . bb% 6 : 5}“66‘6%5(p<‘b‘y0 ) De h555f f0.3 mg/kg)
Intra-nasal ddshegiHowsssptiee (D Bwm gl yiaBog.(ns) 3% (ns) 25% (ns) 14% (ns) Dexamethasone
(0.1 mg/kg) 13% (ns) 10% (ns) 16% (ns) 14% (ns) Theophylline (0.5 mg/kg + 54% (p<0.001) 60%
(p<0.001) 64% (p<0.001) 63% (p<0.001) Dexamethasone (0.1 mg/kg) Theophylline (0.25 mg/kg +
60% (p<0.008)59v s .@891‘&9% (p<0.001) 71% (p<0.001) Dexamethasone (0.1 mg/kg)

In this study daily reatment with theophylline or steroid monotherapy failed to have
10  any inhibitory activity in this pulmonary inflammation model of COPD. This lack of
pulmonary anti-inflammatory activity was observed whether the monotherapy was
administered by the oral route or a surrogate route for inhalation (intra-nasal dosing).
However, when the compounds were co-administered (by either the oral or intra-nasal
route) at the same doses as given alone significant anti-inflammatory activity was
15 demonsirated. Furthermore, lower doses of theophyliine in combination with

dexamethasone were also efficacious.

Moreover, the efficacy observed when the combination therapy was adfninistrated by
the intra-nasal route was equivalent to the efficacy observed when the combination

20  therapy was administrated by the oral route despite low doses of both theophylline
and dexamethasone being used. This sugpests the efficacy is being driven by local
(lung specific) anti-inflammatory activity. This [hypothesis] is further supported by
examining the theophylline content of the plasma, as intra-pasal administration
produced very low systemic levels (<0.1 mg/L). As an illustration, the efficacy

25 observed with oral combination therapy (I mpg/kg theophylline/C.3 mg/kg
dexamethasone) on BAL total cells (47% inhibition) was sirpilar to that observed with
intra-nasal combination therapy (0.1 mg/kg theophylline/0.1 mp/fkg dexamethasone)
(44% inhibition) when the steroid was given at 3 times lower dose and theophylline at
10 times Jower dose. Furthermore, systemic theophylline levels were ~17 times lower

30  in this example. Taken together, this data sugpests that the combination therapy of
theophyliine and a2 steroid produces a synergistic pulmonary anti-inflammatory
response that is mediated in vivo specifically within the lung.



Theophylline(0.1mg/kg+ 44%(p<0.01) 53%(pc0O.01} 59%(p<0.001) 69% (p<0.00l) Dexamethasone
(0.1 mg/kg) ns = not statistically different from TS/vehicle group. 15 The in vivo studies detailed above
demonstrating the synergistic anti-inflammatory activity of the pulmonary delivered combination of
theophylline ewg jhe steroid WO 2006/085102 PCT/GB2006/000482 37 Rpxamsthasnag, using
infra-nasal dosing are repeated using other steroids ifjcluding Fluticasone, Budesonide or
Ciclesonide. Dosages for the steroids are in the range of Imcg/kg/day to Img/kg/day. 5 It is widely
accepted to tiTass skilaitihie-ast tradeose meeauiregyfor affieassotutn brissidnpmasininistered to
animals can be&s%%@‘igﬂalgyﬁv d]ill;éerenhl'to those dos re uired for efficargggin hlsjigo%an individuals. This is
particularly tha CAZE FOT IR ATl “Sterods . Efficacious doses orRiFd S Re BiddKimiiiered to
patients with desspirittoap disstivesdase whitwmitplipitive rzngetshid@ o qutadihs FormagiEotal dose 10
regardless of daeiall @t ENANASP BIAG AR e SiRIal) Yossh AR Ay giher factors.

t

Doses of inhaled steroids administered to animals are described in“mass per unit body weight (e.g.
mg/kg) ratheriFR82H &I ke ifededCBRiGeMIHEP RETRI 1Y logctpirssels threphidiirgaiews
comparisons getwesnliwmapiagthaseabaesaswerhbacompaiachand dessrnstrai@s:significant
differences. Fgr exam Ieh%Bnu es nig%%s 15 typically administered to patients in the range of 200 mcg -
1600 mcg pe? % Ich™F0F &h'ave aaé patient (70 kg) is equivalent to 2.9 mcg/kg - 22.9 mcg/kg. In
a mouse model of asthma, Budesonide at a dose of 350 mcg/kg was efficacious but doses of 35

meglky or 3.Sripegiko wersphaes aipiieked kg pRTAIl (eMElkopM,l egpir.orit Care
Med. 2002, 166(2): 146-153). 20 All publications mentioned in the above specification are herein

incorpordted by referenc&PRHBESIMBRIiffcatiBHLCEH dB/AkatiSleaBriiee deasertsdd #etidds and system
following 11 daily exposures

15

Treatment BAL Inflammatory markers

Total cells j macrophagss neutrophils lymphocytes

% Inhibition (p value)

Oral dosing
Theophyikine (3 mg/kg) -11% (n18) -4% (ns) ~-10% {ns) 1% (ns)
Dexamethasone (1.3 mg/kg) | -16% (ns) -14% (ns) ~48% (ns) -7% (ns)
Theophylline (3 me/kg + 63% (p<0.001) | 77% (p<0.001)} ; 66% (p<0.05) 40% (ns)
Dexamethasone (0.3 mgfkg)
Theophyliine (1 mgfkg + 47% {(p<C.001) | 59% (p<0.001) | 66% (p<0.0%5) 66% (p<.05)
Dexamethasone (0.3 mp/kg) '
Intra-nasal dosing
Theophyllne (0.5 mp/kg) 16% (ns) 3% (ns} 25% {ns} 14% (ns}
Dexamethasore (0.1 mp/kg) | 13% (n85) 10% (ns) 16% (ns) 14% (ns)
Theophyliine (0.5 mg/kg + | 54% (p<0.001) | 60% (p<0.001) | 64% (p<0.001) | 63% (p<0.001)
Dexamethasore (0.1 mg/kg)
Theophyliine (0.25 mg/kg + | 60% (p<0.001) | 59% (p<0.001) | 69% (p<0.001) | 71% (p<0.001)
Dexamethasone (0.1 mgfkg)
Theophyliine (0.1 mgfkg + | 44% (p<0.01) 53% (p<0.01) 59% (p<0.001; | 60% (p<0.001)
Dexamethasone (0.1 mg/kg)

ns = not statistically different from T'S/vehicle group.

The in vive studies detailed above demonstrating the synergistic anti-inflammatory

activity of the pulmonary delivered combination of theophylline and the steroid




of the present invention will be apparent to those skilled in the art without departing from the scope
and spirit of the present invention. Although the present invention has 25 been described in connection
with specific preferred embodiments, it should be understood that the invention as claimed should not
be unduly limiieshtRaseivspecific embodiments. Indeed, various modificatioms exfotiasodescribed modes
for carrying out the invention which are obvious to thﬁse skilled in biochemistry, molecular biology

and biotechnology or related fields are intended to be within the scope of the 30 following claims. 38
Claims 1. A meihyhetnitine eom potwndaardiastigraid fepease insthe tbatistervids’ mahdimgc respiratory

disease seledled from (hg group consising:of £vonic SRS GHYE AUImORRR eisease (EOPD), cystic

fibrosis, steroid resistant asthma, severe asthma and paediatric asthma in a human subject, wherein
the compositibndig/eglfainisteredkbidaie inhaled route for pulmonary delivery, and the methylxanthine
compound is administered at a dose between 0.1 and 25 mg/day. 2. The methylxanthine compound
and the steroid according to claim 1, wherein the composition comprises ofr%e %ﬁrr?nore

pharmacéutidaiy ﬁ’éé‘éﬁtéﬁﬁ’%ﬁi\fé%%edﬁﬂgﬁ?s%%@% 1858 FREHIRY ATHThS fcompound and
the steroid aggaktingitese|aimsnlsanei2ovisreatheamethylxafitainty ciffppeunt ithemndirtstered at a dose

that achieves plasma levels between 1 pg/l. and.l mgt. 4. The. Ixanthipe compound and the
steroid accor ﬁ&lﬁ%aaaflﬁ’):/%r?gaa éﬁ‘algms 1. %&’ﬁ@?gfsﬁ T;lﬁe]l?nlestﬁ?/%(é%%eé%ompoﬁnd used in the

composition istseldstedBfBeacies grongp cbniibtleg osteneidp adtiraistmad oeh pRéEn & Bitriphylline. 5.
The methy x3aibings sampaup dang e steroidk aRsicinous Aoy N gbclaiggided aslaerein the

inhaled stero Inistered is selected from, the %roup consistingnof bud sor&ide, fluticasone and
ciclesontfle. regardiess of body weight of the individual) depending on the steroid used and many

other factors. Doses of inhaled steroids administered to animals are described in mass
per unit body weight (e.g. mg/kg) rather than absolute dose. Converting the clinically
useci doses into megfkg allows comparisons between human and animal doses to be
compared and demonstrates significant differences. For example, Budesonide is

15  typically administered to patients in the range of 200 meg — 1600 mcg per day, which
for an average patient (70 kg) is equivalent to 2.9 meg/kg — 22.9 meg/kg. In a mouse
model of asthma, Budesonide at a dose of 350 meg/kg was efficacious but doses of 35
mcglkg or 3.5 megp/kg were not when administered intra-nasally (Shen ef al
Am.J Respir.Crit Care Med. 2002, 166(2): 146-153).

20 '
All publications mentioned in the above specification are herein incorporated by
referenca.' Various modifications and variations of the described methods and system
of the present invention will be apparent to those skilled in the art without departing
from the scope and spirit of the present invention. Although the present invention has

25 been described in connection with specific preferred embodiments, it should be
nnderstood that the invention as claimed should not be unduly limited to such specific
embodiments. Endeed,‘ varions modifications of the described modes for carrying out
the invention which are obvious to those skilled in biochemistry, molecular biology

and biotechnology or related fields are intended to be within the scope of the

30 following claims.



6. The methylxanthine compound and the steroid according to claim 5, wherein the inhaled steroid is
budesonide, and said steroid is administered at doses between 200 mcg and 1600 mcg per day. 7.
The methylxanthine compound and the steroid according to claim 5, wherein the inhaled steroid is
fluticasone, and said steroid is administered at doses between 44 mcg and 1000 mcg per day. 39 8.
The methylxanthine compound and the steroid ac %rding to claim 5, wherein the inhaled steroid is
Ciclesonide, and said steroid administered is doses between 40 mcg and 500 mcg per day. 9. A
methylxanthine compound and a steroid for simultaneous, separate but subtantially simultaneous or
sequential &M the treatment of a chronic respiratory disease selected from the group consisting of

chronic obstructive pulmonary disease (COPD), cystic, fibrasis, .sterqid.r é %@sgh%sl;@vere
asthma an&pée&?ﬁgiﬁl%ﬁg’t‘ﬁ‘ﬁ, Wﬁ%‘fﬁﬁﬁw go%nﬁ%gﬂ%n%?sr gagﬁ?e%g%o%ae%ﬁnﬁigtration by the inhaled
route for puksssinaryydetivesy saiRctwihireinttiecgmethebmirtigeof shrpolimebisraehinnistbrenest a dose of

0.1 to 25 mg/day. e of a. methylxanthine,co and.a steraid, i the manufagtuee of a
medicame 13?819%&:098 SRt ggéé/?%)shié%{a{)slf)iirrae%gﬁ?sgége}seaéejepted from the énr:g% consisting of
chronic obsistietivérpulmenaryubissasd¢CORD) copiesiilnmb S SdstHsigresst A doWvere

asthma and pacdialic asihipa, n o uman bleCWARI S8 e.RmPaRiNE-adEInslgted by the

inhaled rou u?r%rﬁary def ery, an thylxanthine "compound is administered at a dose
between 0.beawmeed® heidadp hg/dapharmaceutical composition in unit dosage form comprising a
methylxanthine compound and a steroid for use in the treatment of a chronic respiratory disease

selected frgmythe gﬁ&t@mﬁgr&%ﬁmﬁanmqﬁt«;ua@y@dom&aafg disense (CORBkisysC fibrosis,
t asthma,

steroid resistan Stl severe asthma and paediatric asthma, wherein the gompos' jon is adapted
for adminisamipasiotheomREises rétfe Fr PO FERPEERRT MARFSFAGRIR A W& ERHine
¢ compound ig pravidee.jn an amount of from 0.1 to 25

3, The methylxanthine compound and the steroid according to claims 1 and 2 where the

methylxanthine compound is administered at a dose that achieves plasma leveis between

L pg/land I mg/l..

4. The methyixanthine compéund and the steroid according to any one of claims 1-3
wherein the methylxanthine compound used in the composition is selected from the

group consisting of theophylline, aminophylline and oxtriphylline.

5. The rﬁethyixanﬂlines compound and the steroid according to any one of claims 1-4,
wherein the inhaled steroid administered is selected from the group comsisting of

budesonide, fluticasone and ciclesonide.

6. The methyixanthine compound and the steroid according to claim 5, wherein the

inhaled steroid is budesonide, and said steroid is administered at doses between 200 meg

and 1600 meg per day.

7. The methylxanthine compound and the steroid according to ciaim 5, wherein the

inhaled steroid is fluticasone, and said steroid is administered at doses between 44 mcg

and 1000 mcg per day.



mg, or from 0.05 to 13 mg, or from 0.033 to 9 mg per unit dose of the composition, said unit doses
corresponding respectively to those for once per day, twice per day, or three times per day treatment.
12. A composition according to claim 9 or claim 10 wherein the steroid is budesonide and is provided
in an amount from 200 mcg to 1600 mcg, or from 100 mcg to 800 mcg, or 40 from 65 meg to 525 mcg
per unit dose of the composition, said unit doses cgéresponding respectively to those for once per
day, twice per day, or three times per day treatment. 13. A composition according to claim 9 or claim
10 wherein the steroid is fluticasone and is provided in an amount from 44 meg and 1000 mcg, or
from 22 mcg to 500 mcg, or from 11 meg to 335 mcg per unit dose of the composition, said unit doses
corresponditig Thespettivelytoith osarprwricendethdayictwid caperrdmg, ¢ wede tinedipsitdéetreatment.

L. A compegiling §ecaiiing o clalm) Al dpin b ineiainhie slalaidds bldpsanife, andip provided
in an amount from 40 meg an meg, or from 20 mcg to 250 meg mg, or from 14 meg to 1.70 mcg
per unit dos&Cgfmke RUrAEosition, said unit doses corresponding respectively to those for once per
day, twice per day, or three times per day treatment. 15. A kit for the treatment of a chronic respiratory

disease selected from the group consisting of chronic obstructive pulmonary disease (COPD), cystic

fibrosis, stefid reathstaanddnshamsevareandin i alddPa st eRtrntaPBainH SHEMG A&y Ixanthine
compound agd,asteseidinupil-Aasage fermadaptad-dos adutnistationibydhednbaled- ue for

pulmonary delivery and wherein the methylxanthine compound is administered _at a dose of 0.1 to 25

mg/day. 16. 0%t BecHHACRERIRE 1% FRERIM RS THEW S LEHMMEE caREsEHE b th& & oid are
provided in gnibdesagesacsRidinadarnnysone:alaiaiment biedidirit bt ackearding to claim 15 or

claim 16, said kit comprising an inhaler. 18. A kit according.tq claim 17, which comprises the
methylant s CETRUTE SACPITES S T Y SETALE AP RATRAS 1o P onay Geines

and wherein the methyixanthine compound is administered at a dose of 0.1 to 25 mg/day.

10. Use of 2 methylxanthine compound and a steroid in the manufacture of a medicament
for the treatment of a chronic respiratory disease selected from the group consisting of
chronic obstructive pulmonary disease (COPD), cystic fibrosis, steroid resistant asthma,
severe asthma and paediatric asthma, in a human subject, wherein the composition is
administered by the inhaled route for pulmonary delivery, and the methylxanthine

compound is administered at a dose between 0.1 and 25 mg/day.

i1. A pharmaceutical composition in unit doéage form comprising a methyixanthine
compound and a steroid for use in the treatment of 2 chronic respiratory disease selected
from the group consisting of chronic obstructive pulmonary disease (COPD), cystic
fibrosis, steroid resistaﬁt asthma, severe asthma and paediatric asthma, wherein the
composition is adapied for administration by the inhaled route for puimonary delivery
and wherein the methyixanthine compound is provided in an amount of from 0.1 to 25
mg, or from 0.05 to 13 mg, or from 0.033 to 9 mg per unit dose of the composition, said
"unit doses corresponding respectively to those for once per day, twice per day, or three

times per day treatment.

12. A composition according to claim 9 or claim 10 wherein the steroid is budesonide and

is provided in an amount from 200 mcg to 1600 mcg, or from 100 meg to 800 mcg, or



19. A kit according to claim 18, which comprises the methylxanthine compound and the steroid in a
single inhaler bottle.

40

from 65 mcg to 525 meg per unit dose of the composition, said unit doses corresponding

respectively to those for once per day, twice per day, or three times per day treatment.

13. A composition according to claim 9 or claim 10 wherein the steroid is fluticasone and
is provided in an amount from 44 meg and 1000 meg, or from 22 meg to 500 meg, or
from 11 meg to 335 meg per unit dose of the composition, said unit doses corresponding

respectively to those for once per day, twice per day, or three times per day treatment.

14. A composition according to claim 9 or claim 10 wherein the steroid is Ciclesonide
and is provided in an amount from 40 mcg and 500 meg, or from 20 mcg to 250 mecg mg,
or from 14 meg to 170 mcg per unit dose of the composition, said unit doses
corresponding respectively to those for once per day, twice per day, or three times per

day treatment.

15. A kit for the treatment of a chronic respiratory disease selected from the group
consisting of chronic obstructive pulmonary disease (COPD), cystic fibrosis, steroid
resistant asthma, severe asthma and paediatric asthma, comprising a methyixanthine
éompound and a steroid in unit dosage form adapted for administration by the inhaled
route for pulmonary delivery and wherein the methylxanthine compound is administered

at a dose of 0.1 to 25 mg/day.

16. A kit according to claim 15 wherein the methylxanthines compound and the steroid

are provided in unit dosages according to any one of claims 11 to 14.
17. A kit according to claim 15 or claim 16, said kit comprising an inhaler.

18. A kit according to ciaim 17, which comprises the methyixanthine compound and the

steroid in separate inhaler botties.

19. A kit according to claim 18, which comprises the methylxanthine compound and the

steroid in a single inhaler bottie.



