WD 03/018031 PCT/1B02/03076 1 SINGLE DOSE AZI THROMYCI N This application is
a continuation-in-part of US Patent Application 60/313,867, filed August
21, 2001,wetwseisoss her eby i ncorporated by reference herei RCINMBOIY®SIBNtirety.
5 Field of the Invention The present itnvention relates to a nethod of
treating respiratory infection by admnistering a single dosage of

azi thromyci n. Background of the Invention Azithromycin is the U S A N
(generic nane) for 9a-aza-9a-nethyl - 9-deoxo-9a- 10 honoerythronycin A a
broad spectrum anti m crobi al conpound derived fromerythronycin A

Azi t hromycin was independent |y @INGEBOSHAHTHROMYEIN US Pat. No. 4,474,768

and Kobrehel et atnis appfalish is al¥entinflatRh-n-gtof UE TGt REbIRM R 6@)3$§bé3isﬁle3 hat
azi t hr omyci nr@nd?@?a%o%n derivatives thereof possess antibacteri al

properties a P NereRydpqarrorated by refsrenes berein indls ey ci n nay be
made, formul ated and -adm ni st ered aﬁwdtr_t_egn\teat@r ocedures described 15 in

the followi ng US pgte i_nco rated herein

entirety by ref ergﬁ]cegiegfﬁv@e%poq\l&e t%(?Bm E{ﬁg % gﬁmgﬁsp'@b%ﬁﬁ&" by

5, 686, 587; 5, BhWHiKeg agjrgE3Io8aye; of 4ziBA®)Y8B4; and 5, 498, 699. Azithronycin is
admini stered for the treatment of BhdkbREhd Q%In%ﬁﬂ cularly respiratory

I nfections, and nore particularly respiratory In ectlons of the bronchi al
tract, |ungs, and %'th’lﬁ?g‘yc'“ 28 We‘é%ﬁi‘l {generic ﬂﬁm@n{ﬁ'{fl -pza-Qarrmethyotieaxa-9-
acute otiigs maa%emhrd?ﬁwnm @tbrdddSspadtdmfantidicioBial EYMpRUREAri08d Pdm ERBirediRA A.
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mul tiple dosa‘d
conpl i ance prmidlsewsﬁgaart icularly in pediatric patients. Even in the adult
30 popul ati on, iance with multiple dosaging reginmens is not conplete
because of for ge%hfﬁ@y@n wredministesed foeths fpatment ofrisfastiohsofartiquiady fespjratanyl

curing i nfectihRetiond Il ok ;ﬁ:rrdcﬁlaﬂy reE‘Bu‘éfo‘RPh@EtlthBﬁﬁé breRchdi bt ARGt Qin@b.i TS
medi a, by_adnini stering a Si ng dose azithromycin would significantly

shorten c¥ur sEeIENY: AR E?HVC'BHFCP"%%’"W f&' i‘fl"@é’f‘“%{ﬂ%t%? qtifs media isan
conpl i ance. ViahdadvdbdB0Ae &ed beHiiAhOSddam (tympanic membrane) in the chamber called the

middle ear. Acute otitis media is an infection that produces pus, fluid, and inflammation within
the middle ear.

Acute otitis media may be caused by a variety of pathogens, such as M. catarrhalis,

25 8. pneumoniae, and H. influenzae. Acute otitis media is particularly common in infants and

children. Azithromycin has been prescribed for the treatment of acute otitis media with a 30

mg/kg body weight total treatment dose given as a five day regimeh in the US and as a three

day regimen in Europe. The multiple dosages prescribed to completely cure the infection

have caused compliance problems, particularly in pediatric patients. Even in the adult

30  population, compliance with multiple dosaging regimens is not complete because of

forgetfulness and other reasons. A method of treating and curing infection, particularly a

microbial infection such as acute otitis media, by administering a single dose of azithromycin

would significantly shorten courses of therapy and be of a great advantage to patient
compliance.



2 A continual problemw th antibiotic therapy is the energence of resistant
m crobial strains. A nethod of treating mcrobial infections with a
reduced rwelswmisosevel opi ng treatnment- resistant strains i gcaaBoyabice. It is
believed that a single dose azithromy2in treatnment provides such as
reduced risk. The inflammatory cells provide a node of transport of
azithromycin to 5 the infection site and provide a reservoir for
azithronycin at th t azithro
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need thereof a sin se of azit dose 1s
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conprising ad |ster| ung ed thereof a single dose
azi t hromycin rRﬁﬁér'%‘fc’He‘i]ﬁeG%Balen é:ﬁet%ign%teﬁ@teqﬁ‘??@éeﬁﬁﬁsahﬂﬁ exgts7a P%FdSm“Sa g. A
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Summary of the Invention

The present invention fulfills these needs by providing a method of treating a
30  respiratory infection in a human comprising administering to a human in need thereof a single
dose of azithromycin wherein the dose is about 35mg/kg body weight or greater. In another
embodiment, the invention is directed to a method of treating a respiratory infection in a
human comprising administering to a human in need thereof a single dose of azithromycin
wherein the dose is within the range of about 0.7 to 3.5 g. A further embodiment is directed to
35 amethod of treating a respiratory infection caused by S. pneumoniae isolates containing a



mef A gene in a human conprising adm nistering to a human in need thereof a
singl e dose of azithronycin wherein the dose is about 35ng/ kg body wei ght
or great ewo 0BoisB1 Descri ption of the Drawings 5 Figures IpaTaBe/@ots show
the eradication of H influenzae in a3gerbil nodel of mddle ear
infection. Detailed D scussion 10 The invention provides a nmethod of

treating resplr ections .i n i.n need . the

admi ni stering gﬁé??{él"&ag%@ ?91‘“"5??9(71%@%"}9}9 ?H%mﬂh'ﬁﬁﬁe‘{)‘gfreg singla 4938 b
adul t  si xt eepzithomysin wheraigdheotose Iscbpyt 3amghg bollyuweitht orgredteren years of age,
or a young child twelve years of age or younger. By "single dose" is neant
a dosage that is admnistered only once over a 28-day period. The dosage

may be administered in a single glspeeribtdhF the Bedwids one 15 capsul e or
tablet, or_may be divided, e.g. constituted by nore than one dosage form

such as b§/ mul ti ple capsules or tablets that are taken at or about the
sane tine. Any typEiguks timsaigd shbw the enadjcabien of $£ thiuesiagdin agettilpodélef midale! et
l'i qui d suspengi, Q#%thﬁ oral admnistration, or liquid for intravenous

adm ni strati on. singl e dose"” of the invention is fornulated for

i medi ate rel ease and is not 20 for nketailed®iscussionontrol | ed, sustai ned or
del ayed rel ease. For exanple, an orally adm nistered azithronycin single

dose adm n| stered according to the present invention is preferably in a
formsuch’@hat it FoRiBRREHRN RIgvides AERRMRad/Pf treating EesPiAtR infpstians it ;bunaan ipngged 1 act

at a rate suctnetebedy adt'nliiﬁsténﬁ@ alsinglgausy of @EithAshhyclil TRY Rirar RtieRsRAl bk BRGEMN | S

1T teen i nut 58y BRI oAbt oloBn S3hd FeP s RBverani % & skt vl 25 mg
of azithr o_rrycyearmlagkg mﬂnggm Bysingle dosed isfrmeapt a dasagditbatis adrhinisteredioglg oheeon.
Azi thronycin gan, bg s cﬁsagtez? IR itlaloh 8%%%?&%@%6 lzrﬂlats%n@nd

al so in anhydrous as me fornmns, such a
nono- hydr 4t escapayle oxtablet. ?’d‘ﬂ%‘é’e jvided, §.9. lsprstituteg by moRthan onerdosagerfomnsiadves The

azi thronycin @,smmweehpwewr@éwé@mbwaré merdatbvslmme sam@tuﬁ@ A@%é&h g in

publ i shed Eurgpean Pate | icati er the i nvent| ve
et hods. - r es pPPATEY b PRReER Bheovte ohietG08 sLsRepas BEeTaPamTRtRI PP
azit hronyci n fonlntna\&nmglasmdmmmf about 35ng/ kg body wei ght or greater.

Preferably, t he si fgd “@mé‘gﬁer agfltp&h §5h @Mhlaﬁgﬁln‘ﬁﬂiﬁgregegggémi Rgdy

wei ght, and yet nore ween abou body
wei ght. 14P ot f?é?“‘%?ﬁ)f@m%ﬂleg SUS@I‘T@d ofi detgved wlsges. |"S>f MHH a@ﬂmdnm#gneﬂg and

40ng/ kg, bet V‘&ﬁﬁro%b&#&:nﬁ@ﬂ@e‘%ﬂnﬁ%r@@aé |fv:9the rREYM ﬁNetﬁn‘BR WpréterdB iy and
50nmgy/ kg, or t ween about [ kg and 60 anot her enbodi hent, the
si ngl e dose o?’"’éi‘i"’f‘ﬁ?aé H{Fé‘?aﬁeslrgz g??i"ﬂ" ?t"é?”'g{ﬂ“ag‘tgaétr% ingljtractiaha fatesugpthat
03/ 018031 PCTihk Bita a3t 6f azithromycin released therein is more than 4 mg of azithromycin per kg of
patient weight in the first fifteen minutes after ingestion and more preferably is more than 40
25  mg of azithromycin per kg of weight in the first six hours after ingestion.

Azithromycin can be employed in its pharmaceuticélly acceptable salts and also in
anhydrous as well as hydrated forms, such as the di- and mono-hydrates. All such forms are
within the scope of this invention. The azithromycin employed is preferably the dihydrate,
which is disclosed in published European Patent Application 0 298 650 A2,

30 Under the inventive methods, respiratory infections in humans ére treated by
administering azithromycin in a single dose of about 35mg/kg body weight or greater.
Preferably, the single dose is between about 35mg/kg and 60mg/kg body weight, and yet
more preferably between about 40mg/kg and 50mg/kg body weight. In other embodiments,
the single dose is between about 35mg/kg and 40mg/kg, between about 40mg/kg and

35  45mg/kg, between about 45mg/kg and 50mg/kg, or between about 50mg/kg and 60mg/kg. In

another embodiment, the single dose of azithromycin is administered at a dose within the



range of about 0.7 to 3.5 g, preferably a dose within the range of about
0.7 to 1.5 g or about 1.5 to 3.1g. Yet nore preferably the dose is within
t he rangewofosaiseat 1.5 to 1.9 g, and nore preferably w tirca/iBéeo3pBNge of
about 2.1 to 3.1 g. In other enbodi newts, the single dose is selected from
the group consisting of 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, 2.3, 2.4,
2.5, 2.6, 527, 2.8, 2.9, 3.0 and 3. 1g The met hods of the |nvent|on may
be used to treage ofrsbewt0i7do8.5gapretechblyra dvselivittiiretie lange df dtfoat &Nto Hag nw@ms
Preferably, t lf'@ toof‘lii| ol'espr a@lﬂhpecbogé QWtﬁn tt‘%qg?g%%aboﬁt 1 8¢ nér@%ore

i nfl uenzae, cat ¥ro genes nore preferably iIs

sel ected fr onprsferabtyw@fﬂwﬁ'ﬂﬁ ra@qe qf-Iab‘P% K %%iaei%ﬁfﬁmb%ﬁaﬁﬁ Hag §irgle dﬁ‘ié is

i nvention preé@é&e@lﬁbm the grbn@eane.dnﬁgtm 6e08,11v01.301.9 e 2ni 2.2t 03 2 4, afsez6] on
such as acute é % ﬁaused or nedi at ed by one of these speC|f|ed
pat hogens %ﬁpq &9, i P 81 e Dose Azithromycin Pediatric Test A trial
was preformed usi nghamsthdstgloethaﬁ)wagbkg\aglbeese:dfto featirfiectionsciansedror triediated @pt ment
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t ynpanocent esl's years were en
pati ents who Haidflugnzagt Mo@éervha@@ntiﬁfpweaes a%@@ﬂelpfﬁéefbw isiselegted from £. o6 wer e

cured by the Eﬁé&%ﬁlagqﬁﬁvﬂﬂaﬁém Mgdfaﬁ'hy}@sﬂ‘f’eefﬂ'éﬂﬁ&h Ki¥ferablyGd dlféb@@ko treating
assessment at day 24-28 show ng conplete resolution of all %s and

synptons &  araspieateyy I"fq°§°"rﬁé'8"‘%5a‘:ﬁ?r°é't'sr’a?‘§%°%?‘b°rﬁne§f?é"§tbyf°8?° ®€atarrhalis
(10/10; 1009 speakiedpetitbgbys. S. 20 pneunoni ae (67/76; 88% and H. influenzae
(28/44; 64% . Twel ﬁe ch!ildren were found to have an infection with an -

i solate of S. pneu %€ resistant to nacrolides. Five children had an

i nfection of an i sbPaliegle Bege AzdhmomycireBedidtic 'Tesih B gene. Only two of these

five patients werep Qﬁéﬁ@%ﬁﬁ&feﬂ?@ﬂ ugﬁ% ra}§ﬁr¥l@'30ﬁ5f/ﬂg@’o?@of@ﬂxr&ﬂydlﬂﬁ HeltiedtmenPf an

i sol ate that contal ned hese seven patients were
cured at day obptiismedinip pﬁ@@?len@t'emanﬁsq' 'Qﬁags“faé’értﬂav‘i"i?@teﬁ‘ﬁecﬂld?é'ég‘e in the

ear from whi Chiloﬁthﬁtobﬁﬂﬁﬁ yeaR warseirdlle8. Ohthe @bﬁeﬁtsm hbdlb_pbﬁidge’m igkntifi éﬂraﬁnt hS
pneunoni ae |so ate recove ram.t he osit e ear ig
efficacy in tH t‘ﬂiqyé’ﬂ \Rﬁ%’ "éer%c”r%dnlyt}&%ﬂ"gé%d?sg&eg%@ :%T'e wafsoqﬁm]e%%ﬁ contain
the mef A genelmmlsaswsempra(atmmrm ssownpgcnmmﬁje re2ol@ioBiohgl sigriB@s e sylupterhs ofnyci n
Ani mal Tests qr ' | | n it is
t he total armg té_&@%@%&g é?gﬁﬁggwgﬁﬂhﬁ He P’n?aété'{rﬁagr’sowo 1&3(@98% 8&5%%

regi men t A&t deausonia 63/76H8% GAd Enpfuenzas{2@(44.64%). i nfection site and

results in efflCacrwelwém@reweflera&nm@vé aﬁméchmmcbnwwéae&s PR&uMBIHeaE, H.
i nfluenzae, E. faecalis or g\épr enes at azith
gf:\‘/ iiden

superior in efesisteatty magioliqes Q%?WQ%@“%‘P&[?" olate that C‘Efg%/%?%?@@ By
PD50 measur engétes Ongawo dfthdse filg patidhts Were(tdled b8 Ay 128P(SeveBolidfEa ;a6 an infection

of an isolate that contained the mef A gene. Six of these seven patients were cured at day

25  28. The patient who failed was resolving the disease in the ear from which the baseline
isolate was obtained but had a different S. pneumoniae isolate recovered on day 4 from the
opposite ear. The high efficacy in the patients whose S. pneumoniae isolate were found to
contain the mef A gene was unexpected and surprising.

2.0 Single Dose Azithromycin Animal Tests

30 Laboratory experiments with azithromycin suggest that it is the total amount of drug
rather than the interval of the drug dosing regimen that determines the concentration at the
infection site and results in efficacy. Acute murine models challenged with S. pneumoniae, H.
influenzae, E. faecalis or S. pyrogenes showed that azithromycin was superior in efficacy
when given as a single oral dose as determined by PDso measurements (see Table 1).

35



5 Table 1. The Effect of Dose Reginen on Efficacy of Azithronycin in Mirine
Model s. Pat hogen M C Dosing Oral PD50 (pg/m) Reginen (ng/kg/day) 5 H

i nfl uenzawod3desps1 181. 6 (180. 1-183.1) 2 days 49.9 (41.5-p8TAB3dmY 25. 3
(14.3-36.2) 10 S. pyogenes 0.06 3 days 3.8 (3.8-3.9) 2 days 2.5 (1.8-3.3)
1 day 1.0 (0.6-1.4) E. faecalis 3 days 59.3 (27.5-91.2) 15 2 days 42.7
(42.2-43.2) 1 day 14.8 (10.2-19.5) S. pneunoniae 0.06 3 days 49.4
(28.1-70.8) 2 dayalié16 Th@EH16:t 32D&e Relimin GREARScy o Aaktnforiibindh Milkhe

| mprovenent i Ie PD50 for treatnent of H i nfl uenzae was especially

not ewort hy. | rb|I rmdel f mddI%O I nfe two different
strains of H. |nP uenzae N#q 100 ﬁAl Zg ,@ shown to be as
efficaciougly treated with a orTyC| n M ni st ore a si ngl e dose as

t he sane totaly. #ngezgs ven over two or tshjéw days 1656¢18babiss.1)2) . I n these
experiments, colony-formng units (CFUpdayse assea90q4f5-685) he bul |l a wash of
five gerbils per tinme point. The ED50 vakyes ref288t(14.586.280se i n which the
CFU recoverable fromthe bulla wash is 50% of the non-treated aninmals. 30
Tabl e 2. the 5 pwgenesi Dose RO§i nen on3ERYS cacy @@ ABiaNronycin in the
Gerbil Mddle Ear Infection Mbdel Pa?ﬁ*ayen Mc2|§d§|8r?g3>ED50 (Ng/ m)

Regi men (ng/kg/total) 35 H infl uenzaé 3 days1i)69691 ‘@140 185.9) 2 days
138.1 (118.7 .. 1 day 138.1 (118. 7.6) VIVO Kill

ki netics qgnni%?ggt”%d that the one- dayé@; ng thqge}g@gﬁgz{ egi men

1 day 14.8 (10.2-19.5)

S. pneumoniae 0.06 3 days 49.4 (28.1-70.8)

2 days 27.6 (22.8-32.4)

20 1 day 20.4 (16.4-24.3)

The improvement in the PDso for treatment of H. influenzae was especially
noteworthy. In a gerbil model of middle ear infection, two different strains of H. influenzae
25  54A1100 and 54A1218 were shown to be as efficaciously treated with azithromycin
“administered as a single dose as the same total dose given over two or three days (see Table
2). In these experiments, colony-forming units (CFU) are assessed from the bulla wash of
five gerbils per time point. The ED50 values reflect the dose in which the CFU recoverable
from the bulla wash is 50% of the non-treated animals.

30
Table 2. The Effect of Dose Regimen on Efficacy of Azithromycin in the Gerbil
Middle Ear Infection Model.
Pathogen MIC Dosing EDS50
(Hg/mi) Regimen (mg/kg/total)
35
H. influenzae 1 3 days 162.9 (140-185.9)
2 days 138.1 (118.7-157.6)
1 day 138.1 (118.7-157.6)
40

The in vivo kill kinetics demonstrated that the one-day dosing therapeutic regimen
resulted in the most rapid eradication of the pathogens (Figure 1) and, in the case of
54A1100, was the only dosing regimen that leads to complete clearance. Thus, a single dose
therapy has advantages over a more prolonged course of therapy.



resulted in the nost rapid eradication of the pathogens (Figure 1) and, in
the case of 54A1 100, was the only dosing reginen that | eads to conplete
cl earancewODBus03B si ngl e dose therapy has advant ages oveCTaBoxI3a76

prol onged course of therapy. WO 03/018031 PCT/1B02/03076 6 CLAIMS 1. A
met hod of treating a respiratory infection in a human conpri sing
admnistering to a human in need thereof a single dose of azithronycin
wherein the dose is about 5 35ng/ kg bodgLmeisght or greater. 2. The net hod
of claim1l wherein the dose is between about 35ny/ kg and 60ng/ kg body

wei ght.- 3. The nethod of claim?2 wherein the dose is between about 40ng/kg
and 50ng/ kg body MEeged of tiggting a rereiratpsy iRteationfin @ heman omprigingadministeringderan i s
aﬂ adul t sixteen ypaidh iDhecadiferedt a@ingiedose &azifé@nﬁ@h'ﬂ%ﬁtirﬁf\% ﬁgs%ii?bb%uvme_r ein
the respiratory infectiqn.is acu titis media. 6. met hod of treating a
respirat orf";/1 i nf ectifs%rﬁg/'fggoogy ﬁ'ﬁ%r?ggrg%ﬁ?i sing adm nistering to a human in
need t hereof & si n§hemethenofglinpt whetein thesione isthetweemabdyb3ihagikg and 6@mpMgn t he
range of about 0. 7pddgwdight. 9. 15 7. The nmethod of claim6 wherein the

respiratory ipfection i ute otjtis nedia, .8 The nethod of .claim®6

wherein the dgse i hW?tﬁ?‘ﬁ&fz'ﬁ'@" f‘é( jein g depg i§etyesn ?W”&%&"@fg a“Q%OFT‘H}gg net hod
of claim 6 wherei nbadjwvegbse is within the range of about 1.5 to 3.1 g. 10.
The et hogy of 4 cl ai frﬂe%é’{ﬁl&‘cﬁ'cIQi_rrFi‘ﬁhémﬁ%e!h%mt%tes@él%dﬁlhﬁxtéé}m%{sgif tagée)&lb‘ide?:- 5to

1.9 g. 11. The nethod of claim9 wherein t Jose 1's wthir e range of
about 2.1 to 3.1 g'hespethes of ¢laim Zwbeign thsirespirato ifecfing isgctte oHtls Maddan is an
adul t si xt eené.year & mefthod gitreatingd reepiratoryliBfectiniired oolarodontprisiag adngnistering to a

respiratory infectjahnGansachdidbr Rsin Q.@Usrgod?iaﬁﬁ'\rci] In e tﬁggééiiﬂ;ewﬂ% eMef A

gene in a human conprising admnistéring to a man i n nee reof a
singl e dose of azi BAIRNPEIH OVRP&i9n t he dose i s about 35 ng/ kg body wei ght
or greatets 2B 14. ThEhmsethoeitdiodinog witdreih thelSspirktotyanfectivh & adas @titissnduel ween about
35nmg/ kg and 69ny/ k i s f i erein the
dose is bet vve%n abghuet'pﬁgarégﬁ%ﬂggn\gh%%n th% E’gsg%gﬂgg\%%’aﬁ e_adfgﬂojuigo.%o {_Eg-

9. The method of claim 6 wherein the dose is within the range of about 1.5 t0 3.1 g.

10. The method of claim 9 wherein the dose is within the range of about 1.5t0 1.9 g.
11. The method of claim 9 wherein the dose is within the range of about 2.1 t0 3.1 g.
20 12 The method of claim 9 wherein the human is an adult sixteen years of age or older.
- 13. A method of treating a respiratory infection caused by S. pneumoniae isolates

containing a mef A gene in a human comprising administering to a human in need
thereof a single dose of azithromycin wherein the dose is about 35 mg/kg body
weight or greater.
25 14 The method of claim 13 wherein the dose is between about 35mg/kg and 60mg/kg
body weight.
15. The method of claim 13 wherein the dose is between about 40mg/kg and 50mg/kg
body weight.



