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LIPID-BASED COMPOSITIONS OF 
ANTIINFECTIVES FOR TREATING 

PULMONARY INFECTIONS AND METHODS 
OF USE THEREOF 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 13/527,213, ?led Jun. 19, 2012, Which is a 
continuation of US. application Ser. No. 11/634,343, ?led 
Dec. 5, 2006, now US. Pat. No. 8,226,975, Which claims the 
bene?t of priority from United States Provisional Patent 
Application Ser. No. 60/748,468, ?led Dec. 8, 2005, each of 
Which is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] According to the World Health Organization, respi 
ratory diseases are the number one cause of World-Wide mor 
tality, With at least 20% of the World’s population a?iicted. 
Over 25 million Americans have chronic lung disease, mak 
ing it the number one disabler of American Workers (>$50 
B/yr), and the number three cause of mortality. 

[0003] Currently, most infections are treated With oral or 
inj ectable antiinfectives, even When the pathogen enters 
through the respiratory tract. Often the antiinfective has poor 
penetration into the lung, and may be dose-limited due to 
systemic side-effects. Many of these issues can be overcome 
by local delivery of the antiinfective to the lungs of patients 
via inhalation. For example, inhaled tobramycin (TOBI®, 
Chiron Corp, Emeryville, Calif.), is a nebuliZed form of 
tobramycin, that has been shoWn to have improved ef?cacy 
and reduced nephro- and oto-toxicity relative to injectable 
aminoglycosides. Unfortunately, rapid absorption of the drug 
necessitates that the drug product be administered tWice daily 
over a period of ca., 20 min per administration. For pediatrics 
and young adults With cystic ?brosis this treatment regimen 
can be taxing, especially When one takes into account the fact 
that these patients are on multiple time-consuming therapies. 
Any savings in terms of treatment times Would be Welcomed, 
and Would likely lead to improvements in patient compliance. 
Achieving improved compliance With other patient popula 
tions (e.g., chronic obstructive pulmonary disease (COPD), 
acute bronchial exacerbations of chronic bronchitis) Will be 
critically dependent on the convenience and ef?cacy of the 
treatment. Hence, it is an object of the present invention to 
improve patient compliance by providing formulations With 
sustained activity in the lungs. Sustained release formulations 
of antiinfectives are achieved by encapsulating the antiinfec 
tive in a liposome. Improving pulmonary targeting With sus 
tained release formulations Would further improve the thera 
peutic index by increasing local concentrations of drug and 
reducing systemic exposure. Improvements in targeting are 
also expected to reduce dose requirements. 

[0004] Achieving sustained release of drugs in the lung is a 
dif?cult task, given the multiple clearance mechanisms that 
act in concert to rapidly remove inhaled drugs from the lung. 
These clearance methods include: (a) rapid clearance from 
the conducting airWays over a period of hours by the muco 
ciliary escalator; (b) clearance of particulates from the deep 
lung by alveolar macrophages; (c) degradation of the thera 
peutic by pulmonary enZymes, and; (d) rapid absorption of 
small molecule drugs into the systemic circulation. Absorp 
tion of small molecule drugs has been shoWn to be nearly 
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quantitative, With an absorption time for hydrophilic small 
molecules of about 1 hr, and an absorption time for lipophilic 
drugs of about 1 min. 
[0005] For TOBI® the absorption half-life from the lung is 
on the order of 1 .5 hr. High initial peak concentrations of drug 
can lead to adaptive resistance, While a substantial time With 
levels beloW or near the effective minimum inhibitory con 
centration (MIC), may lead to selection of resistant pheno 
types. It is hypothesiZed that keeping the level of antiinfective 
above the MIC for an extended period of time (i.e., eliminat 
ing sub-therapeutic trough levels) With a pulmonary sustained 
release formulation may reduce the potential for development 
of resistant phenotypes. Hence, it is a further object of the 
present invention to maintain the ratio of the area under the 
lung concentration/time curve to the MIC at 24 hr (i.e., the 
AUIC), not only at an adequate sustained therapeutic level, 
but above a critical level, so as to reduce the potential for 
selection of resistant strains. 
[0006] It is assumed that only the “free” (un-encapsulated) 
drug has bactericidal activity. One potential disadvantage of 
liposomal sustained release formulations is that the encapsu 
lation of drug in the liposomal formulation decreases the 
concentration of free drug reaching the lung pathogens, drug 
Which is needed to achieve ef?cient killing of bacteria imme 
diately folloWing administration. Hence, it is further an object 
of the present invention to provide a formulation that contains 
suf?cient free drug, to be bactericidal immediately folloWing 
administration. 
[0007] The disclosures of the foregoing are incorporated 
herein by reference in their entirety. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to use lipid 
based composition encapsulation to improve the therapeutic 
effects of antiinfectives administered to an individual via the 
pulmonary route. 
[0009] The subject invention results from the realiZation 
that administering a pharmaceutical composition comprising 
both free and liposome encapsulated antiinfective results in 
improved treatment of pulmonary infections. 
[0010] In one aspect, the present invention relates to a sys 
tem for treating or providing prophylaxis against a pulmonary 
infection, Wherein the system comprises a pharmaceutical 
formulation comprising mixtures of free and lipid-based 
composition encapsulated antiinfective, Wherein the amount 
of free antiinfective is su?icient to provide for immediate 
bactericidal activity, and the amount of encapsulated antiin 
fective is su?icient to provide sustained bactericidal activity, 
and reduce the development of resistant strains of the infec 
tious agent, and an inhalation delivery device. 
[0011] The free form of the antiinfective is available to 
provide a bolus of immediate antimicrobial activity. The sloW 
release of antiinfective from the lipid-based composition fol 
loWing pulmonary administration is analogous to continuous 
administration of the antiinfective, thereby providing for sus 
tained levels of antiinfective in the lungs. The sustained AUC 
levels provides prolonged bactericidal activity betWeen 
administrations. Further, the sustained levels provided by the 
release of antiinfective from the lipid-based composition is 
expected to provide improved protection against the develop 
ment of resistant microbial strains. 

[0012] Combinations of free and encapsulated drug can be 
achieved by: (a) formulation of mixtures of free and encap 


















