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Description

FIELD OF THE INVENTION

[0001] The present invention is directed to the administration of aminoglycosides. In particular, the present invention
is directed to compositions and methods for the pulmonary administration of aminoglycosides. According to a preferred
embodiment, dry powder aminoglycoside compositions and methods for their administration are provided for the localized
treatment of respiratory infections.

BACKGROUND OF THE INVENTION

[0002] Aminoglycosides are potent bactericidal agents. Their main mechanism of action is on the bacterial ribosome,
which in turn inhibits protein synthesis. They are active against a wide range of gram-positive and gram-negative species
as well as mycobacteria. For some serious gram-negative infections, aminoglycosides or aminoglycosides in combination
with other antimicrobials may be the drug of choice for Pseudonomas and other infections.
[0003] Lower respiratory tract infections with pseudomonas aeruginosa (Psa) are a major cause of morbidity and
mortality among patients with cystic fibrosis (CF) and non-CF bronchiectasis. Once an infection is established, even
aggressive antibiotic treatments may only temporarily reduce the number of Psa organisms in the respiratory tract. As
a result, many CF patients have persistent Psa infections requiring frequent hospital admissions for intravenous chem-
otherapy.
[0004] Bronchiectasis is a condition characterized by progressive destruction and dilatation of airway walls due to
infected retained secretions that result from a failure of airway defenses to maintain the sterile environment of the lower
respiratory tract airways and lung parenchyma. The large volumes of infected secretions requiring aggressive antibiotic
treatment at the onset of the infection and the presence of marked bacterial resistance to common and often used
antibiotics represent significant barriers to effective therapy. The most effective treatment of bronchiectasis remains
antibiotic therapy, usually administered systemically orally or by intravenous injection.
[0005] Aminoglycosides are considered one of the most useful classes of antibiotics for treating Psa infections. How-
ever, antibiotic therapy of a variety of respiratory infections, in particular bronchiectasis, continues to represent a major
medical challenge.
[0006] One of the major disadvantages of aminoglycosides is that they can induce fairly severe side effects. Aminogly-
cosides are generally poorly absorbed orally and, for this reason, are given intravenously or intramuscularly. Aminogly-
cosides active against Psa penetrate into sputum poorly, making it necessary to administer large systemic doses intra-
venously in order to optimize sputum penetration at the site of infection in the lung. Such high doses can produce both
nephrotic and ototoxic effects, often causing permanent renal insufficiency and auditory nerve damage, with deafness,
dizziness, and unsteadiness.
[0007] At the same time, underdosing and incomplete courses of antibiotics are part of the problem of ineffective
therapy. Potential consequences of underdosing respiratory tract infections include inadequate pathogen eradication,
development of antibiotic resistance and lengthened eradication times, as well as potential for persistent clinical symptoms
due to increasing lung injury, bronchiectasis, scarring, and premature death.
[0008] The overuse of antibiotics in the treatment of respiratory infections is a major problem and is increasingly
regarded as such by both the medical community and the pharmaceutical industry. The Center for Disease Control
(CDC) considers the growing problem of antibiotic resistance to be one of the most important public health challenges
of our time. The CDC views overprescription of antibiotics as one of the prime culprits for the growing antibiotic resistance
problem.
[0009] In view of the above problems in antibiotic therapies, research has primarily focused on the discovery of new
molecules to provide possible solutions. Alternatively, the potential effectiveness of treating infections of the respiratory
tract with aminoglycosides administered by new drug delivery technologies such as inhalation aerosols has been inves-
tigated. In particular, aerosolized antibiotics have been administered by small volume nebulizers (SVN) driven ultrason-
ically or by air compressors.
[0010] For two decades, inhaled antibiotics have been used effectively for ameliorating chronic pulmonary infections
in conditions such as cystic fibrosis and non-CF bronchiectasis. To date, the U.S. Food and Drug Administration (FDA)
has approved only one aerosolized antiinfective: TOBI® (Chiron Corporation, Seattle, WA). TOBI is a tobramycin solution
for inhalation by nebulization. Tobramycin (O-3-amino-3-deoxy-α-D-glucopyranosyl-(1-4)-O-[2,6-diamino-2,3,6-tride-
oxy-α-D-ribo-hexopyranosyl-(1-6)]-2-deoxy-L-streptamine) is a water soluble, aminoglycoside antibiotic having a mol-
ceular weight of 467.52 g/mol. Tobramycin is effective against gram negative pathogens, in particular Pseudomonas
aeruginosa, the key infective agent in CF patients.
[0011] The formulated TOBI product is an aqueous solution, which is sterile, clear, slightly yellow, non-pyrogenic, and
is pH and salinity adjusted. It comprises 300 mg of tobramycin free base in 5 ml of sodium chloride (2.25 mg/ml) at pH
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6.0 and is stable at 2-8 C for two years, or 28 days at room temp. The solution darkens in intense light. At pH 6.0,
approximately 2.2 of the 5 tobramycin amino groups have been converted to sulfate salts. A dose is a single 300 mg
ampoule bid (12 hours apart).
[0012] Patients receive a 28 day "on" therapy followed by a 28 day "off" period, to reduce the potential for development
of resistant bacterial strains. Of the 300 mg inhaled, only approximately 10% or 30 mg is delivered to the lung. Systemic
tobramycin given by IV injection has serious adverse effects including renal and ototoxicity. High IV doses are typically
given due to poor penetration of the drug across the lung endothelium and into sputum. Clinical studies with TOBI have
shown that inhaled tobramycin may lead to tinitus and voice alteration.
[0013] Nebulization has many well documented disadvantages, including extended administration time, high cost,
poor efficiency and reproducibility, risk of bacterial contamination, and the need for bulky compressors or gas cylinders.
These disadvantages likely have an impact on patient compliance.
[0014] Pulmonary delivery by aerosol inhalation has received much attention as an attractive alternative to intravenous,
intramuscular, and subcutaneous injection, since this approach eliminates the necessity for injection syringes and nee-
dles. Pulmonary delivery also limits irritation to the skin and body mucosa which are common side effects of transdermally,
iontophoretically, and intranasally delivered drugs, eliminates the need for nasal and skin penetration enhancers (typical
components of intranasal and transdermal systems that often cause skin irritation/dermatitis), is economically attractive,
is amenable to patient self-administration, and is often preferred by patients over other alternative modes of administration.
Administration of aminoglycoside dry powder aerosols to the lung has been attempted, but inefficient delivery devices
and/or poorly dispersible lactose formulations limited these studies.
[0015] Dry powder inhalers are known in the art as disclosed, for example, in U.S. Patent Nos.5,458,135; 5,740,794;
5,775,320; and 5,785,049, and in copending U.S. Application Serial Nos. 09/004,558 filed January 8, 1998, 09/312,434
filed June 4, 1999, 60/136,518 filed May 28,1999, and 60/141,793 filed June 30, 1999. WO 01/85136 and WO 01/32144
describe particular formulations for dry powder inhalers. WO01/85136 describes phospholipid based powders comprising
a polyvalent cation. WO 01/32144 describes highly dispersible dry powder formulations that include a dipeptide or a
tripeptide comprising at least two leucyl residues.
[0016] In addition, U.S.Patent No. 5,875,776 discloses a dry powder inhaler and discloses antibiotics such as gen-
tamicin sulfate, amikacin sulfate, and tobramycin sulfate, among an extensive list of agents suitable for administration
by the devices disclosed therein. No examples of formulations are disclosed. WO 00/35461 further discloses a method
for treating bronchiectasis comprising the administration of an aminoglycoside aerosol.
[0017] A hollow porous tobramycin dry powder formulation was engineered and delivered from the Turbospin (PH&T,
Italy) dry powder inhaler in a recent clinical study. Of the 25mg of powder loaded into the capsule in the clinical study,
only 4.6 mg (18.4%) of active drug substance was delivered to the lung. At this drug loading and efficiency, approximately
6 capsules (ca. 27.6mg) are required to deliver a lung dose equivalent to the nebulized TOBI product. The requirement
for administering at least 6 capsules raised issues with respect to patient compliance for such a therapy.
[0018] Despite the advances in discovering newer, broad spectrum antibiotics and drug delivery technologies, there
remains a need for improved methods for administering antibiotics such as aminoglycosides. In particular, the maximum
safe systemic dosages for aminoglycosides administered according to current therapies provide much less than the
dose sufficient to achieve amount of drug in lung tissue and secretions to exceed the minimum inhibitory capacity (i.e.
concentrations capable of eliminating or significantly decreasing the bacterial burden causing the infection in the airways
and lung tissues). Thus, therapy is likely to be inadequate while encouraging the emergence of resistant organisms and
the development of adverse side effects. There remains a need for a patient-friendly means of administering aminogly-
cosides to patients which will provide higher localized concentrations of drug in the airway secretions and adjacent lung
tissue without the risk of significant systemic side effects. Ideally, such administration must be from a device which is
practical such that patient compliance is encouraged. The present invention meets these and other needs.

DEFINITION OF TERMS

[0019] As used herein, the term "aminoglycoside" refers to both synthetic and natural antibiotics isolated from species
of Streptomyces and Micromonospora as known in the art and includes, but is not limited to, gentamicin, netilmicin,
tobramycin, kanamycin, neomycin, paramecin, amikacin, azithromycin and streptomycin, including pharmaceutically
acceptable salts and esters thereof.
[0020] As used herein, the term "dry powder" refers to a composition that contains finely dispersed solid particles that
are capable of (i) being readily dispersed in or by means of an inhalation device and (ii) inhaled by a subject so that a
portion of the particles reach the lungs. Such a powder is considered to be "respirable" or suitable for pulmonary delivery.
A dry powder typically contains less than about 15% moisture, preferably less than 11 % moisture, and more preferably
contains less than about 8% moisture.
[0021] As used herein, the term "emitted dose" or "ED" refers to an indication of the delivery of dry powder from a
suitable inhaler device after a firing or dispersion event from a powder unit, capsule, or reservoir. ED is defined as the
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ratio of the dose delivered by an inhaler device to the nominal dose (i.e., the mass of powder per unit dose placed into
a suitable inhaler device prior to firing). The ED is an experimentally-determined amount, and is typically determined
using an in-vitro device set up which mimics patient dosing. To determine an ED value, a nominal dose of dry powder
(as defined above) is placed into a suitable dry powder inhaler, which is then actuated, dispersing the powder. The
resulting aerosol cloud is then drawn by vacuum from the device, where it is captured on a tared filter attached to the
device mouthpiece. The amount of powder that reaches the filter constitutes the delivered dose. For example, for a 5
mg, dry powder-containing blister pack placed into an inhalation device, if dispersion of the powder results in the recovery
of 4 mg of powder on a tared filter as described above, then the ED for the dry powder composition is: 4 mg (delivered
dose)/5 mg (nominal dose) x 100 = 80%.
[0022] As used herein, the term "geometric diameter" is a measure of geometric particle size and are determined
using a Sympatec laser diffraction analyzer.
[0023] As used herein, the term "mass median aerodynamic diameter" or "MMAD" is a measure of the aerodynamic
size of a dispersed particle. The aerodynamic diameter is used to describe an aerosolized powder in terms of its settling
behavior, and is the diameter of a unit density sphere having the same settling velocity, generally in air, as the particle.
The aerodynamic diameter encompasses particle shape, density and physical size of a particle. As used herein, MMAD
refers to the midpoint or median of the aerodynamic particle size distribution of an aerosolized powder determined by
Anderson cascade impaction.
[0024] As used herein, the term "pharmaceutically acceptable excipient or carrier" refers to an excipient that can be
taken into the lungs in association with an aminoglycoside with no significant adverse toxicological effects to the subject,
and particularly to the lungs of the subject.
[0025] As used herein, the term "pharmacologically effective amount" or "physiologically effective amount" is the
amount of aminoglycoside present in a dry powder composition as described herein that is needed to provide a desired
level of drug in the secretions and tissues of the airways and lungs, or alternatively, in the bloodstream of a subject to
be treated to give an anticipated physiological response when such composition is administered pulmonarily. The precise
amount will depend upon numerous factors, e.g., the particular aminoglycoside, the specific activity of the composition,
the delivery device employed, physical characteristics of the powder, its intended use, and resistance of the organisms
as well as patient considerations such as severity of the disease state, patient cooperation, etc., and can readily be
determined by one skilled in the art, based upon the information provided herein.
[0026] As used herein, the term "respiratory infections" includes, but is not limited to upper respiratory tract infections
such as sinusitis, pharyngitis, and influenza, and lower respiratory tract infections such as tuberculosis, bronchiectasis
(both the cystic fibrosis and non-cystic fibrosis indications), bronchitis (both acute bronchitis and acute exacerbation of
chronic bronchitis), and pneumonia (including various types of complications that arise from viral and bacterial infections
including hospital-acquired and community-acquired infections).
[0027] As used herein, the term "side effects associated with aminoglycoside therapy" refers to undesirable effects
suffered by a patient including, but not limited to, ototoxicity and nephrotoxicity and is further intended to include devel-
opment of resistance to aminoglycoside therapy.
[0028] As used herein, the term "therapeutically effective amount" means the amount of aminoglycoside, which when
delivered to the lungs and conducting airways of a subject pulmonarily via a dry powder composition as described herein,
provides the desired biological effect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Figure 1 depicts a plot of the number of capsules required as a function of the bulk density.
Figure 2 depicts a plot of the emitted dose for the tobramycin formulations as a function of capsule fill mass.
Figure 3 depicts a Plot of the Anderson Cascade Impactor particle size distribution (split flow) for a tobramycin
formulation according to this invention.
Figure 4 depicts a titration curve for tobramycin free base with sulfuric acid. The right axis presents the theoretical
powder potency for a 90% w/w formulation

SUMMARY OF THE INVENTION

[0030] This invention relates generally to compositions and methods for the pulmonary administration of aminoglyco-
side dry powder compositions. The methods of the present invention generally provide much higher localized concen-
trations of aminoglycosides in the lungs for the treatment of respiratory infections without adverse systemic effects.
[0031] Thus in one aspect the present invention provides a dispersible dry powder composition for localized delivery
to the lungs for use in the treatment or prevention of respiratory infections, the composition including particles comprising
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a phospholipid and an aminoglycoside or salt thereof, wherein the particle geometric diameter is less than 5 microns,
and the composition bulk density is greater then 0.08 g/cm3, said composition being effective to provide a therapeutically
effective therapy via administration to the lungs of less than 6 unit doses that each correspond to at least one of capsule
sizes #00, 0, 1, 2 or 3 and are administered by a dry powder inhalation device.
[0032] In another aspect, the present invention provides such compositions for use in the treatment or prevention of
respiratory infections by dispersing said composition into a gas stream to form a dry powder aerosol wherein the com-
position is dispersed by a dry powder inhalation device from less than 6 unit doses that each correspond to at least one
of capsule sizes # 00,0,1, 2 or 3; and delivering said aerolized powder pulmonarily to a patient at an emitted dose of at
least 50%.
[0033] In a preferred embodiment the invention is directed to the administration of tobramycin as a dry powder aerosol
wherein the tobramycin formulation is effective to provide a therapeutically effective therapy via administration of less
than 5 capsules, preferably less than 4 capsules wherein the capsules are preferably No. 2 capsules.
[0034] Yet another aspect of the invention is to provide a reduction in the number of capsules required per dose
through increases in powder density, potency, and efficiency of the formulation.
[0035] These and other aspects of the present invention will become more fully apparent in view of the following
detailed description and examples.

DETAILED DESCRIPTION OF THE INVENTION

[0036] According to the present invention, compositions and methods for the pulmonary administration of aminogly-
cosides for the treatment of respiratory infections are provided. The pulmonary administration route offers a number of
benefits, including the potential for achievement of high antibiotic concentrations in respiratory secretions while limiting
systemic toxicity. The powders of the present invention exhibit outstanding aerosol characteristics without the need for
blending the drug-containing powder with larger carrier particles which help enable the formulations of the present
invention meet the higher dosage requirements for aminoglycoside therapy with a reduced number of capsules.
[0037] Due to the relatively large dosages of aminoglycosides required for therapeutically effective treatment, the dry
powder compositions of the present invention are preferably delivered from a pulmonary device at a relatively high
emitted dose. According to the invention, the dry powder compositions comprise an emitted dose of at least 50%, more
preferably at least 70%, and emitted doses of greater than 80% are most preferred. Such high emitted doses reduce
drug costs as more efficient administration of the aminoglycoside is achieved, and also improve patient compliance as
fewer device actuations would be needed for effective therapy. The compositions and methods according to this em-
bodiment of the invention provide a significant advance in the pulmonary drug delivery art as large doses of drug are
capable of administration pulmonarily to provide a therapeutically effective treatment. Treatments are provided wherein
a therapeutically effective amount of aminoglycoside is administered over a 24 hour administration period from a less
than 5 unit doses, preferably less than 4 unit doses, in order to provide therapeutically effective therapy.
[0038] According to another embodiment of the present invention, administration methods directed at reducing side
effects associated with aminoglycoside therapy are provided. These include administration of doses that are much higher
than current therapies (e.g. more than 8 times MIC). According to this embodiment, problems associated with underdosing
such as development of aminoglycoside resistance as discussed above are reduced. High localized concentrations of
aminoglycoside in the lung without adverse side effects associated with aminoglycoside therapy are possible via pul-
monary administration of the dry powder compositions of this invention.
[0039] According to another embodiment directed at reducing the development of aminoglycoside resistance, two (or
perhaps more) antibiotics of different classes acting via different mechanisms are administered in rotation by inhalation.
[0040] According to the preferred embodiment, the aminoglycoside dry powder compositions are administered by
inhalation via a dry powder inhaler in order to maximize dose convenience and speed of administration.
[0041] The aminoglycoside dry powder compositions of this invention generally comprise an aminoglycoside combined
with one or more pharmaceutical excipients which are suitable for respiratory and pulmonary administration. Such
excipients may serve simply as bulking agents when it is desired to reduce the active agent concentration in the powder
which is being delivered to a patient. Such excipients may also serve to improve the dispersibility of the powder within
a powder dispersion device in order to provide more efficient and reproducible delivery of the active agent and to improve
the handling characteristics of the active agent (e.g., flowability and consistency) to facilitate manufacturing and powder
filling. In particular, the excipient materials can often function to improve the physical and chemical stability of the
aminoglycoside, to minimize the residual moisture content and hinder moisture uptake, and to enhance particle size,
degree of aggregation, surface properties (i.e., rugosity), ease of inhalation, and targeting of the resultant particles to
the deep lung. Alternatively, the aminoglycoside may be formulated in an essentially neat form, wherein the composition
contains aminoglycoside particles within the requisite size range and substantially free from other biologically active
components, pharmaceutical excipients, and the like.
[0042] Although administration via DPI is about ten times faster than via nebulizer, it would be highly advantageous
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from both an economic and compliance standpoint to reduce the total number of capsules needed to provide for an
effective therapy via administration from a DPI from 6 to 4 or less, preferably 2 or 3. The following discussion on reducing
the number of capsules for an effective aminoglycoside therapy via DPI will focus on a preferred embodiment directed
to the administration of tobramycin.
[0043] The number of capsules (ncapsule) required to deliver a certain mass of drug to the lung (mlung) can be obtained
from the delivery efficiency relationship below: 

where mcapsule is the mass of powder in the capsule, P is the potency of the drug in the drug product (tobramycin free
base), ηlung is the efficiency of aerosol delivery to the lung.
[0044] It is clear from this relationship that the total number of capsules required can be reduced by:

(1) increasing the powder loading in the capsule;
(2) increasing the potency of drug in powder; and
(3) increasing the efficiency of aerosol delivery (emitted dose and fine particle dose)

[0045] For example, a 35 mg fill, potency of 70%, and an aerosol efficiency of 40%, one needs 2.8 capsules to deliver
the 27.6 mg target lung dose. For a 40 mg fill, a potency of 80%, and an efficiency of 50%, one needs just 1.7 capsules.
Preferred fill masses according to the invention are within 20 - 50 mg per capsule. Most preferably 25-40 mg/capsule.
[0046] Increasing the fill mass in the capsule can be accomplished by filling a greater percentage of the capsule
volume, or by increasing the bulk density of the powder. Formulations according to the present invention have a bulk
density of greater than 0.08 g/cm3. Preferred powders according to this invention have a bulk density of 0.10 g/cm3 or
greater.
[0047] Theoretically, a 50 mg loading would cut the capsule requirements to 3, for a formulation with equivalent potency
and aerosol performance to the tobramycin formulation used in the clinical study mentioned above. In order to achieve
such a large fill mass in a number 2 capsule the powder density would need to be increased without adversely impacting
aerosol characteristics. One of ordinary skill in the art can determine the bulk density at which tobramycin formulations
begin to show a drop in aerosol performance in accordance with the teachings herein. For example, the effect of bulk
density on the total number of capsules required is depicted in Fig. 1. Fig. 1 is an estimate of the number of capsules
required to deliver 30 mg of the free base to the lung as a function of bulk density and pH. The graph assumes that 2/3
of the capsule volume is filled with powder, that the residual moisture content is 5%, the residual solvent (PFOB) content
is 0.1%, and that 40% of the nominal dose is deposited in the lungs.
[0048] The potency of tobramycin is determined by a number of factors including the drug loading in the formulation,
the percentage of the primary amine groups on the free base that have been reacted with acid to form a salt, the molecular
weight of the counterion (chloride or sulfate), and the residual water and blowing agent trapped in the formulation. The
theoretical potency of free base in the above-mentioned clinical tobramycin formulation was 63%. The balance of mass
can be attributed to the sulfate salt, where on average approximately three of the five primary amines were sulfated.
The actual potency value for the tobramycin clinical formulation was 53% due to retention of residual moisture (5.3%
w/w) and fluorocarbon (≈ 4.6% w/w) in the formulation.
[0049] In the TOBI nebulizer product, the pH is titrated to 6.0. Adjusting the pH to 6.0 allows the product to be stable
for an extended period without the addition of preservatives such as phenol. Powder formulations will not have the same
stability burden, since the time in solution is short. Hence, the sulfate content can be decreased in the final product by
titrating the free base to a higher pH than is used in the current TOBI product. According to Figure 4, increases in potency
may be possible from 60% to roughly 80%.
[0050] The tobramycin formulation used in the clinical study was comprised of 90% w/w tobramycin sulfate. On average
about 3 of the 5 primary amine groups on the free base are sulfated in tobramycin sulfate. From this a molecular weight
for tobramycin sulfate can be estimated as follows: 

[0051] The same calculation can be done for the chloride salt, assuming an equal number of chloride salts per molecule: 
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[0052] The potential reduction in the number of capsules afforded by a switch to the chloride salt would be: 

[0053] The nature of the acid utilized: sulfuric, hydrochloric, or phosphoric, will depend not only on a desire to reduce
the number of capsules, but also on the regulatory impact of changing acid, and the variations in solid state and aerosol
performance noted.
[0054] Improvements of the aerosol characteristics also contribute to a reduction in the number of capsules necessary
for an effective therapy.
[0055] Pharmaceutical excipients and additives useful in the present composition include but are not limited to proteins,
peptides, amino acids, lipids, polymers, and carbohydrates (e.g., sugars, including monosaccharides, di-, tri-, tetra-, and
oligosaccharides; derivatized sugars such as alditols, aldonic acids, esterified sugars and the like; and polysaccharides
or sugar polymers), which may be present singly or in combination. Exemplary protein excipients include serum albumin
such as human serum albumin (HSA), recombinant human albumin (rHA), gelatin, casein, and the like. Representative
amino acid/polypeptide components, which may also function in a buffering capacity, include alanine, glycine, arginine,
betaine, histidine, glutamic acid, aspartic acid, cysteine, lysine, leucine, proline, isoleucine, valine, methionine, pheny-
lalanine, aspartame, and the like. Polyamino acids of the representative amino acids such as di-leucine and tri-leucine
are also suitable for use with the present invention. One preferred amino acid is leucine.
[0056] Carbohydrate excipients suitable for use in the invention include, for example, monosaccharides such as
fructose, maltose, galactose, glucose, D-mannose, sorbose, and the like; disaccharides, such as lactose, sucrose,
trehalose, cellobiose, and the like; polysaccharides, such as raffinose, melezitose, maltodextrins, dextrans, starches,
and the like; and alditols, such as mannitol, xylitol, maltitol, lactitol, xylitol sorbitol (glucitol), myoinositol and the like.
[0057] The dry powder compositions may also include a buffer or a pH adjusting agent; typically, the buffer is a salt
prepared from an organic acid or base. Representative buffers include organic acid salts such as salts of citric acid,
ascorbic acid, gluconic acid, carbonic acid, tartaric acid, succinic acid, acetic acid, or phthalic acid; Tris, tromethamine
hydrochloride, or phosphate buffers.
[0058] Additionally, the aminoglycoside dry powders of the invention may include polymeric excipients/additives such
as polyvinylpyrrolidones, hydroxypropyl methylcellulose, methylcellulose, ethylcellulose, Ficolls (a polymeric sugar),
dextran, dextrates (e.g., cyclodextrins, such as 2-hydroxypropyl-β-cyclodextrin, hydroxyethyl starch), polyethylene gly-
cols, pectin, flavoring agents, salts (e.g. sodium chloride), antimicrobial agents, sweeteners, antioxidants, antistatic
agents, surfactants (e.g., polysorbates such as "TWEEN 20" and "TWEEN 80", lecithin, oleic acid, benzalkonium chloride,
and sorbitan esters), lipids (e.g., phospholipids, fatty acids ), steroids (e.g., cholesterol), and chelating agents (e.g.,
EDTA). Other pharmaceutical excipients and/or additives suitable for use in the aminoglycoside compositions according
to the invention are listed in "Remington: The Science & Practice of Pharmacy", 19th ed., Williams & Williams, (1995),
and in the "Physician’s Desk Reference", 52nd ed., Medical Economics, Montvale, NJ (1998),
[0059] According to the present invention, a dispersing agent for improving the intrinsic dispersibility properties of the
aminoglycoside powders is added. Suitable agents are disclosed in PCT applications WO 95/31479, WO 96/32096, and
WO 96/32149. As described therein, suitable agents include water soluble polypeptides and hydrophobic amino acids
such as tryptophan, leucine, phenylalanine, and glycine. Leucine and tri-leucine are particularly preferred for use ac-
cording to this invention.
[0060] In accordance with the invention, the solid state matrix formed by the aminoglycoside and excipient imparts a
stabilizing environment to the aminoglycoside. The stabilizing matrix may be crystalline, an amorphous glass, or a mixture
of both forms. Most suitable are dry powder formulations which are a mixture of both forms. For aminoglycoside dry
powder formulations which are substantially amorphous, preferred are those formulations exhibiting glass transition
temperatures (Tg) above about 35°C, preferably above about 45°C, and more preferably above about 55°C. Preferably,
Tg is at least 20°C above the storage temperature, According to a preferred embodiment, the aminoglycoside formulations
comprise a phospholipid as the solid state matrix as disclosed in WO 99/16419 and WO 01/85136.
[0061] The aminoglycoside contained in the dry powder formulations is present in a quantity sufficient to form a
pharmacologically-effective amount when administered by inhalation to the lung. The dry powders of the invention will
generally contain from about 20% by weight to about 100% by weight aminoglycoside, more typically from about 50%
to 99% by weight aminoglycoside, and preferably from about 80 to 95% by weight aminoglycoside. Correspondingly,
the amount of excipient material(s) will range up to about 80% by weight, more typically up to about 50% by weight, and
preferably from about 20 to 5% by weight.
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[0062] In one preferred embodiment of the invention, the dry powder contains at least 80% by weight aminoglycoside
in order to provide a unit dose effective to administer up to 100 mg, preferably from 10 - 60 mg/unit dose with the
appropriate dose adjusted for the particular aminoglycoside as readily determined by one of ordinary skill.

Preparation of Aminoglycoside Dry Powders

[0063] Dry powder aminoglycoside formulations many be prepared by spray drying under conditions which result in
a substantially amorphous glassy or a substantially crystalline bioactive powder as described above. Spray drying of
the aminoglycoside -solution formulations is carried out, for example, as described generally in the "Spray Drying Hand-
book", 5th ed., K. Masters, John Wiley & Sons, Inc., NY, NY (1991), and in WO 97/41833.
[0064] To prepare an aminoglycoside solution for spray-drying according to one embodiment of the invention, an
aminoglycoside is generally dissolved in a physiologically acceptable solvent such as water. The pH range of solutions
to be spray-dried is generally maintained between about 3 and 10, preferably 5 to 8, with near neutral pHs being preferred,
since such pHs may aid in maintaining the physiological compatibility of the powder after dissolution of powder within
the lung. The aqueous formulation may optionally contain additional water-miscible solvents, such as alcohols, acetone,
and the like. Representative alcohols are lower alcohols such as methanol, ethanol, propanol, isopropanol, and the like,
Aminoglycoside solutions will generally contain aminoglycoside dissolved at a concentration from 0.05% (weight/volume)
to about 20% (weight/volume), usually from 0.4% to 5.0% (weight/volume).
[0065] The aminoglycoside -containing solutions are then spray dried in a conventional spray drier, such as those
available from commercial suppliers such as Niro A/S (Denmark), Buchi (Switzerland) and the like, resulting in a stable,
aminoglycoside dry powder. Optimal conditions for spray drying the aminoglycoside solutions will vary depending upon
the formulation components, and are generally determined experimentally. The gas used to spray dry the material is
typically air, although inert gases such as nitrogen or argon are also suitable. Moreover, the temperature of both the
inlet and outlet of the gas used to dry the sprayed material is such that it does not cause deactivation of aminoglycoside
in the sprayed material. Such temperatures are typically determined experimentally, although generally, the inlet tem-
perature will range from about 50° C to about 200° C while the outlet temperature will range from about 30° C to about
150° C.
[0066] Alternatively, aminoglycoside dry powders may be prepared by lyophilization, vacuum drying, spray freeze
drying, super critical fluid processing, or other forms of evaporative drying or by blending, grinding or jet milling formulation
components in dry powder form.. In some instances, it may be desirable to provide the aminoglycoside dry powder
formulation in a form that possesses improved handling/processing characteristics, e.g., reduced static, better flowability,
low caking, and the like, by preparing compositions composed of fine particle aggregates, that is, aggregates or agglom-
erates of the above-described aminoglycoside dry powder particles, where the aggregates are readily broken back down
to the fine powder components for pulmonary delivery, as described, e.g., in U.S. Patent No. 5,654,007. Alternatively,
the aminoglycoside powders may be prepared by agglomerating the powder components, sieving the materials to obtain
the agglomerates, spheronizing to provide a more spherical agglomerate, and sizing to obtain a uniformly-sized product,
as described, e.g., in WO 95/09616. The aminoglycoside dry powders are preferably maintained under dry (i.e., relatively
low humidity) conditions during manufacture, processing, and storage.
[0067] According to a preferred embodiment, the aminoglycoside powders are made according to the emulsification
/ spray drying process disclosed in WO 99/16419 and WO 01/85136 cited above. Formulations according to such
preferred embodiments are engineered to comprise dry powder particulates comprising at least 75% w/w, preferably at
least 85% w/w tobramycin, 2 - 25% w/w of a phospholipid, preferably 8-18 % w/w, and 0-5% w/w of a metal ion such as
calcium chloride. The particulates comprise a geometric diameter of less than 5 microns, an MMAD of less than 5
microns, preferably 1- 4 microns, and a bulk density of greater than 0.08 g/cm3, preferably greater than 0.12 g/cm3.

Aminoglycoside Dry Powder Characteristics

[0068] It has been found that certain physical characteristics of the aminoglycoside dry powders, to be described more
fully below, are important in maximizing the efficiency of aerosolized delivery of such powders to the lung.
[0069] The aminoglycoside dry powders are composed of particles effective to penetrate into the lungs, that is, having
a geometric diameter of less than 5 Pm, and usually being in the range of 0.1 Pm to 5 Pm in diameter. Preferred powders
are composed of particles having a geometric diameter from about 0.5 to 4.0 Pm.
[0070] The aminoglycoside powders of the invention are further characterized by an aerosol particle size distribution
less than about 10 Pm mass median aerodynamic diameter (MMAD), and preferably less than 5.0 Pm. The mass median
aerodynamic diameters of the powders will characteristically range from about 0.5 - 10 Pm, preferably from about 0.5 -
5.0 Pm MMAD, more preferably from about 1.0 - 4.0 Pm MMAD. To further illustrate the ability to prepare aminoglycoside
powders having an aerosol particle size distribution within a range suitable for pulmonary administration, exemplary
aminoglycoside dry powders are composed of particles having an aerosol particle size distribution less than about 5 Pm
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MMAD, and more specifically, characterized by MMAD values less than 4.0 Pm.
[0071] The aminoglycoside dry powders generally have a moisture content below about 15% by weight, usually below
about 11% by weight, and preferably below about 8% by weight. The moisture content of representative aminoglycoside
dry powders prepared as described herein is provided in the Examples.
[0072] The emitted dose (ED) of these powders is greater than 50%. More preferably, the ED of the aminoglycoside
powders of the invention is greater than 70%, and is often greater than 80%. In looking at the Examples, it can be seen
that applicants have successfully prepared a large number of representative aminoglycoside dry powders with ED values
greater than or equal to 80%.

Pulmonary Administration

[0073] The aminoglycoside dry powder formulations described herein may be delivered using any suitable dry powder
inhaler (DPI), i.e., an inhaler device that utilizes the patient’s inhaled breath as a vehicle to transport the dry powder
drug to the lungs. Preferred dry powder inhalation devices are described in U.S. Patent Nos. 5,458,135; 5,740,794;
5,775,320; and 5,785,049, and in copending U.S. Application Serial Nos. 09/004,558 filed January 8,1998, 09/312,434
filed June 4, 1999,60/136,518 filed May 28, 1999, and 60/141,793 filed June 30, 1999, listed above. When administered
using a device of this type, the powdered medicament is contained in a receptacle having a puncturable lid or other
access surface, preferably a blister package or cartridge, where the receptacle may contain a single dosage unit or
multiple dosage units. Convenient methods for filling large numbers of cavities with metered doses of dry powder med-
icament are described in U.S. Patent No. 5,826,633, incorporated herein by reference.
[0074] Also suitable for delivering the aminoglycoside powders described herein are dry powder inhalers of the type
described, for example, in U.S. Patent Nos. 3,906,950 and 4,013,075, 4,069,819, and 4,995,385 , wherein a premeasured
dose of aminoglycoside dry powder for delivery to a subject is contained within a capsule such as a hard gelatin capsule
or HPMC capsule. HPMC capsules are preferred, preferably size #2 capsules containing up to 50 mg powder, preferably
20 - 40 mg. It is to be understood that other sized capsules, such as 00, 0, No. 1, or No. 3 sized capsules are also
suitable for use with the present invention and their suitability depends, among other factors, upon the inhalation device
used to administer the powders.
[0075] Other dry powder dispersion devices for pulmonarily administering aminoglycoside dry powders include those
described, for example, in EP 129985; EP 472598; EP 467172; and U.S. Patent No. 5,522,385 . Also suitable for
delivering the aminoglycoside dry powders of the invention are inhalation devices such as the Astra-Draco "TURBU-
HALER". This type of device is described in detail in U.S. Patent Nos. 4,668,218; 4,667,668; and 4,805,811.
[0076] Also suitable are devices which employ the use of a piston to provide air for either entraining powdered med-
icament, lifting medicament from a carrier screen by passing air through the screen, or mixing air with powder medicament
in a mixing chamber with subsequent introduction of the powder to the patient through the mouthpiece of the device,
such as described in U.S. Patent No. 5,388,572, incorporated herein by reference.
[0077] Prior to use, the aminoglycoside dry powders are generally stored in a receptacle under ambient conditions,
and preferably are stored at temperatures at or below about 30°C, and relative humidities (RH) ranging from about 30
to 60%. More preferred relative humidity conditions, e.g., less than about 30%, may be achieved by the incorporation
of a dessicating agent in the secondary packaging of the dosage form.
[0078] The following examples are offered by way of illustration, not by way of limitation. The following materials were
used in the Examples (the grades and manufacturers are representative of many that are suitable):

Gentamicin Sulfate (H&A (Canada) Industrial)
Netilmicin Sulfate (Scientific Instruments And Technology)
Tobramycin (Chiron, Berkeley, CA)
L-Leucine (Aldrich)
Hydrochloric Acid (J. T. Baker)
Sodium Hydroxide 0.1N Volumetric Solution (J. T. Baker)
Ethanol, 200 proof (USP/NF, Spectrum Chemical Mfg. Corp.)
Methanol (HPLC grade, EM Industries)

EXAMPLE 1

A. Formulation

[0079] Dry powder compositions containing gentamicin were prepared by mixing gentamicin sulfate and excipient(s)
(if used) with a liquid medium to form a solution. The pH of the solution was adjusted as appropriate to facilitate solubi-
lization and/or stabilization of the components in the solution. Quantitative formulations are identified in Table 1 below.
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B. Spray Drying

[0080] The gentamicin solutions were spray dried on Buchi 190 Mini Spray Dryers, with nozzles and cyclones that
were designed to generate and catch very fine particles. For formulations that utilized organic solvents, a modified Buchi
190 Mini Spray Dryer was used that was supplied with nitrogen as the gas source and equipped with an oxygen sensor
and other safety equipment to minimize the possibility of explosion. The solution feed rate was 5 ml/minute, solution
was maintained at room temperature, inlet temperature range was 120 - 131°C and was adjusted to obtain an outlet
temperature of approximately 80°C, the drying gas flow rate was about 18 SCFM, and the atomizing air was supplied
at 0.5 to 1.5 SCFM, typically at a pressure of about 100 PSI.

C. Characterization

[0081] Each powder was characterized in terms of moisture content, emitted dose (ED), and mass median aerodynamic
diameter (MMAD). ED is a measure of efficiency for the powder package/device combination. MMAD refers to a measure
of the particle size of the aerosolized powder.
[0082] Moisture content was determined by the Karl-Fischer Reagent titrimetric method or by thermogravimetric anal-
ysis as indicated in the following tables.
[0083] Morphology was determined by scanning electron microscopy (SEM).
[0084] To determine the ED, the spray dried powders were first filled into blister packs. The test was performed by
connecting a vacuum system to the mouthpiece of an inhaler device of the type described in U.S. Patent No. 5,740,794
identified above. The vacuum system was set to be similar to a human inhalation with regard to volume and flow rate
(1.2 liters total at 30 liters/minute). A blister package containing 5 mg of the formulation to be evaluated was loaded into
a device, which was held in a testing fixture. The device was pumped and fired, and the vacuum "inhalation" switched
on. The aerosol cloud was drawn out of the device chamber by the vacuum, and the powder was collected on a filter
placed between the mouthpiece and the vacuum source. The weight of the powder collected on the filter was determined.
Emitted dose was calculated as this weight, multiplied by one hundred, divided by the fill weight in the blister. A higher
number is a better result than a lower number.
[0085] MMAD was determined with an Andersen cascade impactor. In a cascade impactor the aerosolized powder
(which was aerosolized using an inhaler device as described in U.S. Patent No. 5,740,794) enters the impactor via an
air stream, and encounters a series of stages that separate particles by their aerodynamic diameter (the smallest particles
pass farthest down the impactor). The amount of powder collected on each stage was determined gravimetrically, and
the mass median aerodynamic diameter was then calculated.
[0086] Tables 1 show the quantitative composition of gentamicin formulations, a description of the particle morphology,
moisture content, MMAD, and emitted dose of the resultant gentamicin powders.

Table 1

Gentamicin Dry Powder Compositions

Batch Number Quantitative 
Composition

Particle 
Morphology

Moisture Content MMAD (Pm) Emitted Dose

1326-31 Gentamicin sulfate Smooth spheres 4.1%1 3.0 37%
2076 mg sometimes with a 

large
(RSD3=6)

DI water dimple or two
200 ml
Hydrochloric acid
QS to pH=5

1326-32 Gentamicin sulfate Slightly dimpled 
spheres

1.1%1 2.4 40%

2053 mg (RSD=14)
DI water
200 ml
Sodium hydroxide
QS to
pH=10
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EXAMPLE 2

[0087] Formulations containing netilmicin were prepared according to the procedure set forth in Example 1. The
netilmicin formulations were spray dried and characterized as set forth in Example 1. Results are set forth in Table 2 below.

(continued)

Gentamicin Dry Powder Compositions

Batch Number Quantitative 
Composition

Particle 
Morphology

Moisture Content MMAD (Pm) Emitted Dose

1300- Gentamicin sulfate Smooth spheres 4.8%2 3.0 45%
MG-11 2012 mg sometimes with a 

large
(RSD=10)

Ethanol dimple or two
40 ml
DI water
160 ml

1300- Gentamicin sulfate Highly dimpled 
spheres

6.2%2 2.6 61%

MG-12 2006 mg (RSD=7)
L-leucine
205 mg
DI water
220 ml

1300- Gentamicin sulfate Raisin-like 4.3%2 2.4 80%
MG-18 1500 mg (RSD=6)

L-leucine
510 mg
DI water
200 ml

1 Determined with Karl-Fischer reagent titrimetric method
2 Determined with thermogravimetric analysis
3 Relative Standard Deviation

Table 2

Netilmicin Dry Powder Compositions

Batch Quantitative Particle Morphology Moisture MMAD Emitted
Number Composition Content1 (Pm) Dose

1300-MG-9 Netilmicin Sulfate Irregular and jagged 4.2% 3.2 47%
1626 mg (RSD=8)
DI water

163 ml

1300-MG-14 Netilmicin Sulfate Smooth spheres often 5.1% 2.9 39%
1512 mg with a single or a few (RSD=7)
Ethanol large dimples
30 ml
DI water

120 ml

1300-MG-15 Netilmicin Sulfate Raisin -like 4.1% 2.3 78% (RSD=10)
1202 mg
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EXAMPLE 3

[0088] The procedures set forth in Example 1 were repeated for the aminoglycoside tobramycin. Results are repre-
sented in Table 3 below.

(continued)

Netilmicin Dry Powder Compositions

Batch Quantitative Particle Morphology Moisture MMAD Emitted
Number Composition Content1 (Pm) Dose

L-leucine
393 mg
DI water

160 ml

1300-MG-19 Netilmicin Sulfate Dimpled Spheres 5.3% 2.6 75%
1426 mg (RSD=6)
L-leucine
77 mg
DI water

150 ml

1 Determined with thermogravimetric analysis

Table 3

Tobramycin Dry Powder Compositions

Batch Number Quantitative 
Composition

Particle 
Morphology

Moisture Content1 MMAD (Pm) Emitted Dose

1504-HS-7 Tobramycin Not available 3.9% 2.3 32%
2.04 g (RSD=8)
DI water
204 ml

1504-HS-9 Tobramycin Dimpled 2.6% 2.3 72%
1.50 g spheres (RSD=5)

L-Leucine
0.51 g
DI water
200 ml

1504-HS-39 Tobramycin Dimpled 5.4% 2.4 73%
1.50 g spheres (RSD=5)
L-Leucine
0.51g
DI water
200 ml
Sulfuric acid to
adjust solution
to pH=5.5

1 Determined with thermogravimetric analysis
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EXAMPLE 2

Powder Manufacture

[0089] Tobramycin sulfate formulations set forth in Table 4 below was manufactured according to the following pro-
cedure. SWFI was heated above the gel to liquid crystal temperature of disteroyl phosphatidylcholine (DSPC) (≈ 80°C).
DSPC and calcium chloride dihydrate were then added to the heated water. The resulting lipid dispersion was mixed in
an UltraTurrax T-50 (IKA Labortechnik) at 8,000 rpm for 5 min. Perfluorooctyl bromide (PFOB) was then added dropwise
(15 ml min-1) to the lipid dispersion under mixing. After the addition was complete the resulting PFOB-in-water emulsion
was mixed for an additional 10 min at 10,000 rpm. Emulsification in the UltraTurrax produces droplets in the micron-size
range. Tobramycin sulfate was then dissolved in the continuous phase of the emulsion and the resulting dispersion was
used as the feedstock for spray drying.
[0090] The feedstock was then spray dried using the equipment and conditions set forth in Table 5 below.

[0091] Hand-Filling: The powder was hand filled into #2 HPMC capsules for aerosol testing. Capsules were allowed
to equilibrate at <5% RH overnight. Powders were placed into a capsule filling station with relative humidity of 10 to 15%
and allowed to equilibrate for 10 minutes prior to handling. Fill weights ranging from 20 mg to 40 mg were explored,
representing fill volumes of approximately 1/2 to 7/8. Aerosol testing was performed using a Turbospin® (PH&T, Italy)

Table 4. Tobramycin Sulfate Formulation.

Tobramycin Sulfate 90.04 % w/w

DSPC 9.56 % w/w

CaCl2 0.40 % w/w

PFOB, φ 0.198 v/v

PFOB/Total Solids 6.37 % w/w

Feed Concentration 5.92 % w/v
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capsule based passive delivery device. The filled capsules were tested the day of filling.
[0092] Particle Size Analysis by Laser Diffraction: The geometric particle size analysis of the powders were de-
termined using a Sympatec laser diffraction analyzer (HELOS H1006, Clausthal-Zellerfeld, Germany) equipped with a
RODOS type T4.1 vibrating trough. Approximately 2 mg of bulk powder was emptied onto the RODOS vibrating trough,
which was subsequently atomized through a laser beam using 1 bar of air pressure, 53 mbar of vacuum, 70% feed rate,
1.30 mm funnel gap with the R2 lens setting. Data was collected over an interval of 0.4 s, with a 175 Pm focal length,
triggered at 0.1% obscuration. Particle size distributions were determined using the Fraünhofer model.
[0093] Residual Moisture: The residual moisture in the bulk powder was determined by Karl Fisher titrimetry.
[0094] The Emitted Dose Testing: This measurement was performed using the medium resistance Turbospin device
operated at its optimal sampling flow rate of 60 L-min-1. A total of 10 measurements was determined for each fill mass
explored. Results are depicted in Fig. 2, which shows emitted dose results for the same formulation at fill masses as
high as 40 mg. No significant decreases in ED or increases in RSD are noted. Increasing the powder load by 25% to
35% (with equivalent aerosol performance) results in a capsule savings of about 2 capsules, dropping the capsule needs
from 6 to 4.
[0095] Aerodynamic Particle Size Distribution: Aerodynamic particle size distributions were determined gravimet-
rically on an Andersen cascade impactor (ACI). Particle size distributions were measured at a flow rates 56.6 L·min-1

(i.e., forceful inhalation effort) using the Turbospin DPI device. Results are depicted in Fig. 3, which shows a plot of the
aerosol particle size distribution as a function of a capsule fill mass. It is clear that a significant increase in capsule fill
mass is achievable without significant variations in the aerodynamic particle size distribution.

Claims

1. A dispersible dry powder composition for localized delivery to the lungs for use in the treatment or prevention of
respiratory infections, the composition including particles comprising a phospholipid and an aminoglycoside or salt
thereof, wherein the particle geometric diameter is less than 5 microns, and the composition bulk density is greater
then 0.08 g/cm3, said composition being effective to provide a therapeutically effective therapy via administration
to the lungs of less than 6 unit doses that each correspond to at least one of capsule sizes #00, 0, 1, 2 or 3 and are
administered by a dry powder inhalation device.

2. A composition according to claim 1 wherein the particles comprise a pharmaceutically acceptable excipient.

3. A composition according to claim 2 wherein the pharmaceutically acceptable excipient comprises a dispersing agent
selected from the group consisting of hydrophobic amino acids and water soluble polypeptides.

4. A composition according to claim 3 wherein the dispersing agent is a hydrophobic amino acid selected from the
group consisting of alanine, isoleucine, leucine, methionine, phenylalanine, proline, tryptophan, and valine.

5. A composition according to claim 3 wherein the dispersing agent comprises leucine.

6. A composition according to claim 1 wherein the aminoglycoside is present in an amount of at least 50% of weight.

7. A composition according to claim 1 wherein the aminoglycoside potency is at least 60%.

8. A composition according to claim 1 wherein the aminoglycoside is selected from the group consisting of gentamicin,
netilmicin, paramecin, tobramycin, amikacin, kanamycin, neomycin, azithromycin, streptomycin and their salts.

9. A composition according to claim 1 having a residual moisture content of less than 15% by weight.

10. A composition according to claim 1 having a residual moisture content of less than 8% by weight.

11. A composition according to claim 1 wherein the particles have a geometric diameter from 0.5-5 microns.

12. A composition according to claim 1 wherein the particles have a mass median aerodynamic diameter of less than
5 microns.

13. A composition according to claim 12 wherein said mass median aerodynamic diameter is from 1-4 microns.
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14. A composition according to claim 1 wherein the emitted dose is at least 70%.

15. A composition according to claim 12 comprising at least 75% w/w tobramycin or salt thereof.

16. A composition according to claim 12 comprising at least 85% w/w tobramycin or salt thereof.

17. A composition according to claim 15 comprising up to 20% w/w of a phospholipid.

18. A composition according to claim 15 comprising a bulk density of greater then 0.10 g/cm3.

19. A composition according to claim 1 wherein the particles comprise a hollow and porous morphology.

20. A composition according to claim 15 comprising a tobramycin potency of greater then 60%.

21. A composition according to any of claims 1-20 which is spray dried.

22. The composition of claim 1 wherein the less than 6 unit doses provide a therapeutically effective amount of aminogly-
coside throughout a 24 hour period.

23. The composition of claim 1 wherein less than 4 unit doses are provided, each unit dose corresponding to at least
one of capsule sizes # 00, 0, 1, 2 or 3.

24. A composition according to claim 1 wherein the unit dose comprises a volume that is less than the volume of a
capsule corresponding to a size #00 capsule.

25. A composition according to claim 1 wherein the aminoglycoside or salt thereof is present in an amount corresponding
to 10-60 mg/unit dose.

26. A composition according to claim 1 wherein the composition comprises the aminoglycoside or salt thereof in an
amount of at least 80% by weight of the composition.

27. A composition according to claim 1 wherein the particles comprise 2-25 w/w% of the phospholid.

28. A composition according to claim 1 wherein the particles comprise the aminoglycoside or a salt thereof in a potency
of 60% or higher, and a pH or 7 or higher.

29. A composition according to claim 1 wherein the composition is characterized by the area shown in Fig 1, between
the curve labeled pH 7.5 and the curve labeled pH 9.

30. The composition of claim 1, claim 5 or claim 15 for use in administering aminoglycoside to the lungs of a human
patient by inhalation of the medicament in aerosolized form.

31. The composition of claim 1 for use in the treatment or prevention of respiratory infections by dispersing said com-
position into a gas stream to form a dry powder aerosol wherein the composition is dispersed by a dry powder
inhalation device from less than 6 unit doses that each correspond to at least one of capsule sizes # 00, 0, 1, 2 or
3; and delivering said aerolized powder pulmonarily to a patient at an emitted dose of at least 50%.

32. A composition according to claim 31 wherein said dry powder composition is provided as unit doses that each
contain 20-40 mg of the aminoglycoside or salt thereof in a size #2 capsule.

33. A composition according to claim 1 wherein side effects associated with aminoglycoside therapy are reduced by
administering a therapeutically effective amount of an aminoglycoside pulmonarily to achieve localized concentration
of aminoglycoside in the lungs.

34. A composition according to claim 33 wherein an aminoglycoside and an antibiotic of a different class are administered
pulmonarily in rotation.
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Patentansprüche

1. Dispergierbare Trockenpulverzusammensetzung für eine lokale Abgabe an die Lunge zur Verwendung bei der
Behandlung oder Verhinderung von Atemwegsinfektionen, wobei die Zusammensetzung Teilchen umfasst, die ein
Phospholipid und ein Aminoglykosid oder ein Salz hiervon umfassen, wobei der geometrische Teilchendurchmesser
weniger als 5 Pm beträgt und die Schüttdichte der Zusammensetzung größer als 0,08 g/cm3 ist, wobei die Zusam-
mensetzung bewirkt, dass eine therapeutisch wirksame Therapie mit Hilfe einer Verabreichung an die Lunge von
weniger als 6 Einheitsdosen, die jeweils mindestens einer der Kapselgrößen Nr. 00, 0, 1, 2 oder 3 entsprechen und
mittels einer Trockenpulverinhalationsvorrichtung verabreicht werden, bereitgestellt wird.

2. Zusammensetzung nach Anspruch 1, wobei die Teilchen einen pharmazeutisch akzeptablen Hilfsstoff umfassen.

3. Zusammensetzung nach Anspruch 2, wobei der pharmazeutisch akzeptable Hilfsstoff ein Dispergiermittel umfasst,
das aus der Gruppe ausgewählt ist, die aus hydrophoben Aminosäuren und wasserlöslichen Polypeptiden besteht.

4. Zusammensetzung nach Anspruch 3, wobei das Dispergiermittel eine hydrophobe Aminosäure ist, die aus der
Gruppe ausgewählt ist, die aus Alanin, Isoleucin, Leucin, Methionin, Phenylalanin, Prolin, Tryptophan und Valin
besteht.

5. Zusammensetzung nach Anspruch 3, wobei das Dispergiermittel Leucin umfasst.

6. Zusammensetzung nach Anspruch 1, wobei das Aminoglykosid in einer Menge von mindestens 50 Gew.-% vor-
handen ist.

7. Zusammensetzung nach Anspruch 1, wobei die Aminoglykosidwirkung mindestens 60 % beträgt.

8. Zusammensetzung nach Anspruch 1, wobei das Aminoglykosid aus der Gruppe ausgewählt ist, die aus Gentamicin,
Netilmicin, Paramecin, Tobramycin, Amikacin, Kanamycin, Neomycin, Azithromycin, Streptomycin und Salzen hier-
von besteht.

9. Zusammensetzung nach Anspruch 1 mit einem Restfeuchtigkeitsgehalt von weniger als 15 Gew.-%.

10. Zusammensetzung nach Anspruch 1 mit einem Restfeuchtigkeitsgehalt von weniger als 8 Gew.-%.

11. Zusammensetzung nach Anspruch 1, wobei die Teilchen einen geometrischen Durchmesser von 0,5 bis 5 Pm
aufweisen.

12. Zusammensetzung nach Anspruch 1, wobei die Teilchen einen massegemittelten aerodynamischen Durchmesser
von weniger als 5 Pm aufweisen.

13. Zusammensetzung nach Anspruch 12, wobei der massegemittelte aerodynamische Durchmesser 1-4 Pm beträgt.

14. Zusammensetzung nach Anspruch 1, wobei die emittierte Dosis mindestens 70 % beträgt.

15. Zusammensetzung nach Anspruch 12, die mindestens 75 % G/G Tobramycin oder eines Salzes hiervon umfasst.

16. Zusammensetzung nach Anspruch 12, die mindestens 85 % G/G Tobramycin oder eines Salzes hiervon umfasst.

17. Zusammensetzung nach Anspruch 15, die bis zu 20 % G/G eines Phospholipids umfasst.

18. Zusammensetzung nach Anspruch 15, die eine Schüttdichte von mehr als 0,10 g/cm3 umfasst.

19. Zusammensetzung nach Anspruch 1, wobei die Teilchen eine hohle und poröse Morphologie umfassen.

20. Zusammensetzung nach Anspruch 15, die eine Tobramycinwirkung von mehr als 60 % umfasst.

21. Zusammensetzung nach einem der Ansprüche 1-20, die sprühgetrocknet ist.
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22. Zusammensetzung nach Anspruch 1, wobei weniger als 6 Einheitsdosen eine therapeutisch wirksame Menge an
Aminoglykosid über einen 24-Stunden-Zeitraum liefern.

23. Zusammensetzung nach Anspruch 1, wobei weniger als 4 Einheitsdosen bereitgestellt werden, wobei jede Einheits-
dosis mindestens einer der Kapselgrößen Nr. 00, 0, 1, 2 oder 3 entspricht.

24. Zusammensetzung nach Anspruch 1, wobei die Einheitsdosis ein Volumen umfasst, das kleiner ist als das Volumen
einer Kapsel, die einer Kapsel der Größe Nr. 00 entspricht.

25. Zusammensetzung nach Anspruch 1, wobei das Aminoglykosid oder das Salz hiervon in einer Menge, die 10 bis
60 mg/Einheitsdosis entspricht, vorhanden ist.

26. Zusammensetzung nach Anspruch 1, wobei die Zusammensetzung das Aminoglykosid oder das Salz hiervon in
einer Menge von mindestens 80 Gew.-% der Zusammensetzung umfasst.

27. Zusammensetzung nach Anspruch 1, wobei die Teilchen 2-25 % G/G des Phospholipids umfassen.

28. Zusammensetzung nach Anspruch 1, wobei die Teilchen das Aminoglykosid oder ein Salz hiervon in einer Wirkung
von 60 % oder mehr und einen pH-Wert von 7 oder mehr umfassen.

29. Zusammensetzung nach Anspruch 1, wobei die Zusammensetzung durch die in Figur 1 dargestellte Fläche zwischen
der Kurve mit der Markierung pH-Wert 7,5 und der Kurve mit der Markierung pH-Wert 9 gekennzeichnet ist.

30. Zusammensetzung nach Anspruch 1, Anspruch 5 oder Anspruch 15 zur Verwendung bei der Verabreichung eines
Aminoglykosids an die Lunge eines menschlichen Patienten durch Inhalation des Medikaments in Aerosolform.

31. Zusammensetzung nach Anspruch 1 zur Verwendung bei der Behandlung oder Verhinderung von Atemwegsinfek-
tionen durch Dispergieren der Zusammensetzung in einem Gasstrom, um ein Trockenpulveraerosol zu bilden, wobei
die Zusammensetzung durch eine Trockenpulverinhalationsvorrichtung dispergiert wird, aus weniger als 6 Einheits-
dosen, die jeweils mindestens einer der Kapselgrößen Nr. 00, 0, 1, 2 oder 3 entsprechen, und Abgeben des Pulvers
in Aerosolform pulmonal an einen Patienten in einer emittierten Dosis von mindestens 50 %.

32. Zusammensetzung nach Anspruch 31, wobei die Trockenpulverzusammensetzung in Form von Einheitsdosen be-
reitgestellt wird, die jeweils 20 bis 40 mg des Aminoglykosids oder eines Salzes hiervon in einer Kapsel einer Größe
Nr. 2 enthalten.

33. Zusammensetzung nach Anspruch 1, wobei die mit einer Aminoglykosidtherapie verbundenen Nebenwirkungen
durch Verabreichen einer therapeutisch wirksamen Menge eines Aminoglykosids pulmonal zur Erreichung einer
lokalen Konzentration des Aminoglykosids in der Lunge verringert werden.

34. Zusammensetzung nach Anspruch 33, wobei ein Aminoglykosid und ein Antibiotikum einer unterschiedlichen Klasse
pulmonal im Wechsel verabreicht werden.

Revendications

1. Composition de poudre sèche dispersible pour délivrance localisée vers les poumons, à utiliser dans le traitement
ou la prévention d’infections respiratoires, la composition comprenant des particules qui contiennent un phospho-
lipide et un aminoglycoside ou un sel de celui-ci, où le diamètre géométrique des particules est inférieur à 5 microns,
et où la masse volumique apparente de la composition est supérieure à 0,08 g/cm3, ladite composition étant efficace
pour produire une dose efficace sur le plan thérapeutique via une administration vers les poumons de moins de 6
doses unitaires, qui correspondent chacune à au moins une taille de capsule #00, 0, 1, 2 ou 3 et sont administrées
par un dispositif inhalateur à poudre sèche.

2. Composition selon la revendication 1, dans laquelle les particules comprennent un excipient acceptable sur le plan
pharmaceutique.

3. Composition selon la revendication 2, dans laquelle l’excipient acceptable sur le plan pharmaceutique comprend
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un agent dispersant sélectionné dans le groupe composé d’acides aminés hydrophobes et de polypeptides hydro-
solubles.

4. Composition selon la revendication 3, dans laquelle l’agent dispersant est un acide aminé hydrophobe sélectionné
dans le groupe composé de l’alanine, de l’isoleucine, de la leucine, de la méthionine, de la phénylalanine, de la
proline, du tryptophane et de la valine.

5. Composition selon la revendication 3, dans laquelle l’agent dispersant comprend la leucine.

6. Composition selon la revendication 1, dans laquelle l’aminoglycoside est présent dans une quantité au moins égale
à 50 % en poids.

7. Composition selon la revendication 1, dans laquelle l’activité de l’aminoglycoside est d’au moins 60 %.

8. Composition selon la revendication 1, dans laquelle l’aminoglycoside est sélectionné dans le groupe composé de
la gentamicine, de la nétilmicine, de la paramécine, de la tobramycine, de l’amikacine, de la kanamycine, de la
néomycine, de l’azithromycine, de la streptomycine et de leurs sels.

9. Composition selon la revendication 1, présentant une teneur en humidité résiduelle inférieure à 15 % en poids.

10. Composition selon la revendication 1, présentant une teneur en humidité résiduelle inférieure à 8 % en poids.

11. Composition selon la revendication 1, dans laquelle les particules ont un diamètre géométrique compris entre 0,5
et 5 microns.

12. Composition selon la revendication 1, dans laquelle les particules ont un diamètre aérodynamique moyen en masse
inférieur à 5 microns.

13. Composition selon la revendication 12, dans laquelle ledit diamètre aérodynamique moyen en masse est compris
entre 1 et 4 microns.

14. Composition selon la revendication 1, dans laquelle la dose émise est au moins égale à 70 %.

15. Composition selon la revendication 12, comprenant au moins 75 % en poids de tobramycine ou d’un sel de celle-ci.

16. Composition selon la revendication 12, comprenant au moins 85 % en poids de tobramycine ou d’un sel de celle-ci.

17. Composition selon la revendication 15, comprenant jusqu’à 20 % en poids d’un phospholipide.

18. Composition selon la revendication 15, comprenant une masse volumique apparente supérieure à 0,10 g/cm3.

19. Composition selon la revendication 1, dans laquelle les particules présentent une morphologie poreuse et creuse.

20. Composition selon la revendication 15, comprenant une activité de tobramycine supérieure à 60 %.

21. Composition selon l’une des revendications 1 à 20, qui est séchée par pulvérisation.

22. Composition selon la revendication 1, dans laquelle moins de 6 doses unitaires fournissent une quantité efficace
sur le plan thérapeutique d’aminoglycoside sur une période de 24 heures.

23. Composition selon la revendication 1, dans laquelle moins de 4 doses unitaires sont fournies, chaque dose unitaire
correspondant à au moins une des tailles de capsule #00, 0, 1, 2 ou 3.

24. Composition selon la revendication 1, dans laquelle la dose unitaire comprend un volume qui est inférieur au volume
d’une capsule correspondant à une capsule de taille #00.

25. Composition selon la revendication 1, dans laquelle l’aminoglycoside ou le sel de celui-ci est présent dans une
quantité correspondant à 10-60 mg/dose unitaire.
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26. Composition selon la revendication 1, dans laquelle la composition comprend l’aminoglycoside ou un sel de celui-
ci dans une quantité au moins égale à 80 % en poids de la composition.

27. Composition selon la revendication 1, dans laquelle les particules comprennent 2 à 25 % en poids du phospholipide.

28. Composition selon la revendication 1, dans laquelle les particules comprennent l’aminoglycoside ou un sel de celui-
ci selon une activité de 60 % ou plus, et à un pH de 7 ou plus.

29. Composition selon la revendication 1, dans laquelle la composition est caractérisée par la zone présentée à la fig.
1 entre la courbe marquée pH 7,5 et la courbe marquée pH 9.

30. Composition selon la revendication 1, la revendication 5 ou la revendication 15, à utiliser pour administrer des
aminoglycosides vers les poumons d’un patient humain par inhalation du médicament sous forme d’aérosol.

31. Composition selon la revendication 1, à utiliser dans le traitement ou la prévention d’infections respiratoires par
dispersion de ladite composition dans un courant gazeux pour former un aérosol de poudre sèche, où la composition
est dispersée par un dispositif inhalateur à poudre sèche à partir de moins de 6 doses unitaires qui correspondent
chacune à au moins une des tailles de capsules #00, 0, 1, 2 ou 3, et par délivrance de ladite poudre en aérosol par
voie pulmonaire à un patient avec une dose émise au moins égale à 50 %.

32. Composition selon la revendication 31, dans laquelle ladite composition de poudre sèche est fournie sous la forme
de doses unitaires contenant chacune 20 à 40 mg de l’aminoglycoside ou d’un sel de celui-ci dans une capsule de
taille #2.

33. Composition selon la revendication 1, dans laquelle les effets secondaires associés à une thérapie aux aminogly-
cosides sont réduits par l’administration d’une quantité efficace sur le plan thérapeutique d’un aminoglycoside par
voie pulmonaire pour atteindre une concentration localisée d’aminoglycoside dans le poumon.

34. Composition selon la revendication 33, dans laquelle un aminoglycoside et un antibiotique d’une classe différente
sont administrés par voie pulmonaire, en rotation.
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