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(57) ABSTRACT 
A patient Suffering from an endobronchial infection is 
treated by administering to the patient for inhalation a dose 
of less than about 4.0 ml of a nebulized aerosol formulation 
comprising from about 60 to about 200 mg/ml of an ami 
noglycoside antibiotic, Such as tobramycin, in a physiologi 
cally acceptable carrier in a time period of less than about 10 
minutes. Unit dose devices for Storage and delivery of the 
aminoglycoside antibiotic formulations are also provided. 
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METHODS AND UNT DOSE FORMULATIONS 
FOR THE INHALATION ADMINISTRATION OF 

AMINOGLYCOSDE ANTIBIOTICS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001) This application claims the benefit of U.S. Provi 
sional Application No. 60/292,234, filed May 18, 2001. 

FIELD OF THE INVENTION 

0002 The present invention relates to new and improved 
unit dose containers of aminoglycoside antibiotics, Such as 
tobramycin, for delivery by aerosol inhalation, and to 
improved methods of treatment of Susceptible acute or 
chronic endobronchial infections. 

BACKGROUND OF THE INVENTION 

0.003 Progressive pulmonary disease is the cause of 
death in over 90% of cystic fibrosis (CF) patients (Koch C. 
et al., “Pathogenesis of cystic fibrosis,'Lancet 
341 (8852):1065-9 (1993); Konstan M. W. et al., “Infection 
and inflammation of the lung in cystic fibrosis,” Davis PB, 
ed., Lung Biology in Health and Disease, Vol. 64. New York, 
N.Y.: Dekker: 219-76 (1993)). Pseudomonas aeruginosa is 
the most significant pathogen in CF lung disease. Over 80% 
of CF patients eventually become colonized with P. aerugi 
noSa (Fitzsimmons S. C., “The changing epidemiology of 
cystic fibrosis,'J Pediatr 122(1): 1-9 (1993)). The standard 
therapy for P. aeruginosa endobronchial infections is 14 to 
21 days of parenteral antipseudomonal antibiotics, typically 
including an aminoglycoside. However, parenteral ami 
noglycosides, as highly polar agents, penetrate poorly into 
the endobronchial Space. To obtain adequate drug concen 
trations at the Site of infection with parenteral administra 
tion, Serum levels approaching those associated with 
nephro-, vestibule-, and oto-toxicity are required (“Ameri 
can Academy of Otolaryngology. Guide for the evaluation of 
hearing handicap,'JAMA 241 (19):2055-9 (1979); Brummett 
R. E., “Drug-induced ototoxicity."Drugs 19:412-28 (1980)). 
0004) Aerosolized administration of aminoglycosides 
offers an attractive alternative, delivering high concentra 
tions of antibiotic directly to the site of infection in the 
endobronchial Space while minimizing Systemic bioavail 
ability (Touw D. J. et al., “Inhalation of antibiotics in cystic 
fibrosis,'Eur Respir J 8:1594-604 (1995); Rosenfeld M. et 
al., “AeroSolized antibiotics for bacterial lower airway infec 
tions: principles, efficacy, and pitfalls,'Clinical Pulmonary 
Medicine 4(2): 101-12 (1997)). 
0005 Tobramycin is commonly prescribed for the treat 
ment of Serious P. aeruginosa infections. It is an aminogly 
coside antibiotic produced by the actinomycete, Streptomy 
ces tenebrarius. Low concentrations of tobramycin (<4 
Aug/mL) are effective in inhibiting the growth of many 
Gram-negative bacteria and under certain conditions may be 
bactericidal (Neu, H. C., “Tobramycin: an overview,'J Infect 
Dis 134, Suppl. S3-19 (1976)). Tobramycin is poorly 
absorbed acroSS mucosal Surfaces, conventionally necessi 
tating parenteral administration. Tobramycin activity is 
inhibited by purulent Sputum: high concentrations of diva 
lent cations, acidic conditions, increased ionic Strength and 
macromolecules that bind the drug all inhibit tobramycin in 
this environment. It is estimated that 5 to 10 times higher 
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concentrations of tobramycin are required in the Sputum to 
overcome these inhibitory effects (Levy J. et al., “Bioactivity 
of gentamicin in purulent Sputum from patients with cystic 
fibrosis or bronchiectasis: comparison with activity in 
serum,'J Infect Dis 148(6):1069-76 (1983)). 
0006 Delivery of the poorly absorbed antibiotic tobra 
mycin to the airway by the aeroSol route of cystic fibrosis 
(CF) patients has been documented using the aerosol route. 
Much of this work has been done toward treatment of 
chronic lung infections with P. aeruginosa in cystic fibrosis 
(CF) patients. A multicenter, double blind, placebo-con 
trolled, crossover trial of 600 mg tid of aerosolized tobra 
mycin for endobronchial infections due to P. aeruginosa in 
71 CF patients demonstrated a significant reduction in 
Sputum density of this pathogen as well as improved Spirom 
etry in the treatment group. Emergence of P aeruginosa 
strains highly resistant to tobramycin (defined as MIC2128 
Aug/mL) was comparable in the placebo and treatment 
groups. The presence in the Sputum of Gram-negative organ 
isms other than P. aeruginosa intrinsically resistant to tobra 
mycin occurred with equal frequency during administration 
of tobramycin or placebo (Ramsey B. et al., “Response to 
Letter to the Editor: Aerosolized tobramycin in patients with 
cystic fibrosis,”N Engl J Med 329:1660 (1993)). 
0007 Although this regimen was found to be both safe 
and efficacious, it is costly and inconvenient. A Survey of the 
MICs for P. aeruginosa isolates from initial sputum cultures 
for patients at the Children's Hospital CF Center, Seattle, 
Wash., in 1993 found that 90% of isolates had MICs is 16 
lug/mL and 98% of all isolates had MICss 128 tug/mL. This 
Survey Suggested that achieving a sputum tobramycin con 
centration of 128 tug/mL should treat the endobronchial 
infection in CF patients (Levy J. et al., “Bioactivity of 
gentamicin in purulent Sputum from patients with cystic 
fibrosis or bronchiectasis: comparison with activity in 
serum,'J Infect Dis 148(6):1069-76 (1983)). 
0008 Arandomized, crossover study compared the abil 
ity of Several nebulizers to deliver tobramycin by measuring 
peak Sputum tobramycin concentrations in Samples col 
lected ten minutes after completion of the aerosol dose. This 
study administered TOBIOR tobramycin solution for inhala 
tion, PathoGenesis Corporation, Seattle, Wash. (now Chiron 
Corporation, Emeryville, Calif.), containing 60 mg/mL 
tobramycin in 5 mL one quarter (1/4) normal Saline, using 
the Pari(R) LC jet nebulizer, Pari Respiratory Equipment, 
Inc., Richmond, Va. This delivery system was shown to 
deliver a mean peak Sputum tobramycin concentration of 
678.8 ug/g (s.d. 661.0 ug/g), and a median peak sputum 
concentration of 433.0 tug/g. Only 13% of patients had 
Sputum levels is 128 ug/g, 87% of patients achieved sputum 
levels of 2128 ug/g (Eisenberg, J. et al., “A Comparison of 
Peak Sputum Tobramycin Concentration in Patients With 
Cystic Fibrosis Using Jet and Ultrasonic Nebulizer Systems. 
Aerosolized Tobramycin Study Group.” Chest 111(4):955 
962 (1997)). Recently, the Pari(R) LC jet nebulizer has been 
modified with the addition of one-way flow valves, and 
renamed the Pari(R) LC PLUS. The one-way valves in the 
Pari(R) LC PLUS have been described as permitting the 
delivery of more drug than the Pari(R) LC jet nebulizer, while 
decreasing the potential for accidental Spillage and allowing 
for the use of an expiratory filter. Experience has shown that 
mean peak Sputum tobramycin concentrations achieved 
using the Pari LCPLUS jet nebulizer are significantly higher 
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than those using the Pari(R) LC jet nebulizer as described in 
Eisenberg et al. (1997), supra. 
0009. Two placebo-controlled, multicenter, randomized, 
double blind clinical trials of intermittent administration of 
inhaled tobramycin in cystic fibrosis patients with P aerugi 
nosa infection were reported in Ramsey, B. W. et al., 
“Intermittent Administration of Inhaled Tobramycin in 
Patients with Cystic Fibrosis. Cystic Fibrosis Inhaled Tobra 
mycin Study Group.” N. Engl. J. Med. 340(1):23-30 (1999). 
In these Studies, five hundred twenty Subjects were random 
ized to receive either 300 mg inhaled tobramycin or placebo 
twice daily for 28 days followed by 28 days off study drug. 
Subjects continued on treatment or placebo for three “on 
off cycles for a total of 24 weeks. Efficacy variables 
included sputum P. aeruginosa density. Tobramycin-treated 
patients had an average 0.8 logo decrease in P. aeruginosa 
density from Week 0 to Week 20, compared with a 0.3 logo 
increase in placebo-treated patients (P<0.001). Tobramycin 
treated patients had an average 1.9 logo decrease in P 
aeruginosa density from Week 0 to Week 4, compared with 
no change in placebo-treated patients (P<0.001). 
0010) A preservative-free, stable, and convenient formu 
lation of tobramycin (TOBIOR tobramycin solution for inha 
lation; 60 mg/mL tobramycin in 5 mL of 1/4 normal saline) 
for administration via jet nebulizer was developed by Patho 
Genesis Corporation, Seattle, Wash. (now Chiron Corpora 
tion, Emeryville, Calif.). The combination of a 5 mL BID 
TOBI dose (300 mg tobramycin) and the PARI LC PLUS/ 
Pulmo Aide compressor delivery System was approved under 
NDA 50-753, December 1997, for the management of P 
aeruginosa in CF patients, and remains the industry Standard 
for this purpose. The aerosol administration of a 5 ml dose 
of a formulation containing 300 mg of tobramycin in quarter 
normal Saline for the Suppression of P. aeruginosa in the 
endobronchial space of a patient is disclosed in U.S. Pat. No. 
5,508,269, the disclosure of which is incorporated herein in 
its entirety by this reference. 
0.011 Although the current conventional delivery sys 
tems have been shown to be clinically efficacious, they 
typically suffer from relatively low efficiency levels in 
delivering antibiotic Solutions to the endobronchial Space of 
a patient, thereby wasting a Substantial portion of the nebu 
lized antibiotic formulations and Substantially increasing 
drug delivery costs. The low efficiency of current conven 
tional delivery Systems requires patients to devote relatively 
long time periods to receive an effective dose of the nebu 
lized antibiotic formulations, which can lead to decreased 
patient compliance. Accordingly, there is a need for new and 
improved methods and devices for the delivery of aminogly 
coside antibiotic compounds to a patient by inhalation to 
reduce administration costs, increase patient compliance and 
enhance overall effectiveness of the inhalation therapy. 

SUMMARY OF THE INVENTION 

0012. It has now been discovered that patients suffering 
from an endobronchial infection can be effectively and 
efficiently treated by administering to the patient for inha 
lation a dose of less than about 4.0 ml of a nebulized aerosol 
formulation comprising from about 60 to about 200 mg/ml 
of an aminoglycoside antibiotic, Such as tobramycin, in a 
physiologically acceptable carrier in a time period of leSS 
than about 10 minutes, more preferably less than about 8 
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minutes, and even more preferably less than about 6 min 
utes. In other aspects, the administered dose may be less than 
about 3.75 ml or 3.5 ml or less, and the aminoglycoside 
antibiotic formulation may comprise from about 80 to about 
180 mg/ml of aminoglycoside antibiotic or more preferably 
from about 90 to about 150 mg/ml of aminoglycoside 
antibiotic. 

0013 In other aspects, the present invention provides unit 
dose formulations and devices adapted for use in connection 
with a high efficiency inhalation System, the unit dose device 
comprising a container designed to hold and Store the 
relatively Small Volumes of the aminoglycoside antibiotic 
formulations of the invention, and to deliver the formula 
tions to an inhalation device for delivery to a patient in 
aeroSol form. In one aspect, a unit dose device of the 
invention comprises a Sealed container, Such as an ampoule, 
containing less than about 4.0 ml of an aminoglycoside 
antibiotic formulation comprising from about 60 to about 
200 mg/ml of an aminoglycoside antibiotic in a physiologi 
cally acceptable carrier. The Sealed container is preferably 
adapted to deliver the aminoglycoside antibiotic formulation 
to a high efficiency inhalation device for aeroSolization and 
inhalation by a patient. In other aspects, the container of the 
unit dose device may contain less than about 3.75 ml, or 3.5 
ml or less, of the aminoglycoside antibiotic formulation, and 
the aminoglycoside antibiotic formulation may comprise 
from about 80 to about 180 mg/ml, or from about 90 to about 
120 mg/ml, of aminoglycoside antibiotic. 
0014. In yet other aspects, the present invention relates to 
a System for delivering an aminoglycoside antibiotic formu 
lation to a patient in need of Such treatment, comprising a 
unit dose device as described in detail above, comprising a 
container containing less than about 4.0 ml of an aminogly 
coside antibiotic formulation comprising from about 60 to 
about 200 mg/ml of an aminoglycoside antibiotic in a 
physiologically acceptable carrier, and means for delivering 
the aminoglycoside antibiotic formulation from the unit dose 
device for inhalation by the patient in aeroSolized form in 
less that 10 about minutes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The foregoing aspects and many of the attendant 
advantages of this invention will become more readily 
appreciated as the Same become better understood by ref 
erence to the following detailed description, when taken in 
conjunction with the accompanying drawings, wherein: 
0016 FIG. 1 is a graphical representation illustrating the 
mean relative changes in FEV (% predicted from before to 
30 minutes after dosing with 300 mg tobramycin with a 
PARI LCPLUS jet nebulizer/Pulmo Aide compressor deliv 
ery system, or with 30, 60, or 90 mg tobramycin with an 
Aerodose breath actuated nebulizer, as described in Example 
1, 
0017 FIG. 2 is a graphical representation showing spu 
tum tobramycin concentrations by time from dosing by the 
tobramycin formulations of FIG. 1, as described in Example 
1, 

0018 FIG. 3 is a graphical representation showing spu 
tum maximum plasma concentrations (C) following dos 
ing by the tobramycin formulations of FIG. 1, as described 
in Example 1, 



US 2003/0143162 A1 

0.019 FIG. 4 is a graphical representation showing spu 
tum area under the plasma concentration time profile 
(AUCos) following dosing by the tobramycin formulations 
of FIG. 1, as described in Example 1; 
0020 FIG. 5 is a graphical representation showing serum 
tobramycin concentrations by time following dosing by the 
tobramycin formulations of FIG. 1, as described in Example 
1, 
0021 FIG. 6 is a graphical representation showing serum 
maximum plasma concentrations (C) following dosing 
by the tobramycin formulations of FIG. 1, as described in 
Example 1, 
0022 FIG. 7 is a graphical representation showing serum 
area under the plasma concentration time profile (AUCos) 
following dosing by the tobramycin formulations of FIG. 1, 
as described in Example 1, 
0023 FIG. 8 is a graphical representation showing the 
mean recovery of tobramycin from urine 0-8,8-24 and 0-24 
hours post dosing with the formulations of FIG. 1, as 
described in Example 1; and 
0024 FIG. 9 is a graphical representation showing the 
mean nebulization time in minutes for dosing with the 
formulations of FIG. 1, as described in Example 1. 
0.025 FIG. 10 is a graphical representation showing the 
average Serum-time profiles of tobramycin after administra 
tion of 300 mg tobramycin (TOBI) and 420 mg tobramycin 
solution for inhalation (TSI), as described in Example 3. 
0.026 FIG. 11 is a graphical representation showing the 
average Sputum-time profiles of tobramycin after adminis 
tration of 300 mg tobramycin (TOBI) and 420 mg tobra 
mycin solution for inhalation (TSI), as described in Example 
3. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0027. In accordance with the present invention, methods 
are provided for the treatment of a patient in need of 
treatment, Such as a patient Suffering from an endobronchial 
P. aeruginosa infection, comprising administering to the 
patient for inhalation a relatively Small Volume of an ami 
noglycoside antibiotic formulation over a relatively short 
period of time. This aspect of the invention is particularly 
Suitable for formulation of concentrated aminoglycosides, 
Such as tobramycin, for aeroSolization by Small Volume, 
breath actuated, high output rate and high efficiency inhalers 
to produce a aminoglycoside aeroSol particle size between 1 
and 5 um desirable for efficacious delivery of the aminogly 
coside into the endobronchial Space to treat Susceptible 
microbial infections, Such as Pseudomonas aeruginosa 
infections. The formulations preferably contains minimal 
yet efficacious amount of aminoglycoside formulated in 
Smallest practical volume of a physiologically acceptable 
Solution, for example an aqueous Solution having a Salinity 
adjusted to permit generation of aminoglycoside aeroSol 
particles that are well-tolerated by patients but preventing 
the development of Secondary undesirable side effects Such 
as bronchoSpasm and cough. By the more efficient admin 
istration of the aminoglycoside formulation provided by the 
present invention, Substantially Smaller Volumes of ami 
noglycoside than the conventional administration regime are 
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administered in Substantially shorter periods of time, thereby 
reducing the costs of administration and drug waste, and 
Significantly enhancing the likelihood of patient compliance. 
0028. Thus, in accordance with one aspect of the present 
invention, methods are provided for the treatment of a 
patient in need of treatment, Such as a patient Suffering from 
an endobronchial P. aeruginosa infection, comprising 
administering to the patient for inhalation a dose of less than 
about 4.0 ml of a nebulized aerosol formulation comprising 
from about 60 to about 200 mg/ml of an aminoglycoside 
antibiotic in a time period of less than about 10 minutes. In 
other aspects, the dose of the aerosol formulation is admin 
istered to the patient in less than about 8 minutes. In yet 
other aspects, the dose of the aerosol formulation is admin 
istered to the patient in less than about 6 minutes. 
0029. The aerosol formulations administered in the prac 
tice of the invention may comprise from about 60 to about 
200 mg/ml of aminoglycoside antibiotic. In other aspects of 
the invention, the aeroSol formulations administered in the 
practice of the invention may comprise from about 80 to 
about 180 mg/ml of aminoglycoside antibiotic. In yet other 
aspects of the invention, the aerosol formulations adminis 
tered in the practice of the invention may comprise from 
about 90 to about 150 mg/ml of aminoglycoside antibiotic. 
0030. In the practice of the methods of the invention, 
Substantially Smaller Volumes of aeroSol formulation are 
administered to the patient, as compared with the conven 
tional administration processes. Thus, in one aspect a dose 
of less than about 4.0 ml of a nebulized aerosol formulation 
is administered to the patient. In another aspect, a dose of 
less than about 3.75 ml of a nebulized aerosol formulation 
is administered to the patient. In yet another aspect, a dose 
of 3.5 ml or less of a nebulized aerosol formulation is 
administered to the patient. 
0031. In yet other aspects, the present invention relates to 
a System for delivering an aminoglycoside antibiotic formu 
lation to a patient in need of Such treatment, comprising a 
unit dose device as described in detail herein, comprising a 
container containing less than about 4.0 ml of an aminogly 
coside antibiotic formulation comprising from about 60 to 
about 200 mg/ml of an aminoglycoside antibiotic in a 
physiologically acceptable carrier, and means for delivering 
the aminoglycoside antibiotic formulation from the unit dose 
device for inhalation by the patient in aeroSolized form in 
less that 10 about minutes. 

0032. In order to deliver the relatively small volumes of 
the relatively high concentration aminoglycoside antibiotic 
formulations to the patient for inhalation in the relatively 
Short dosing periods of the invention, the antibiotic formu 
lations are preferably administered with the use of an 
inhalation device having a relatively high rate of aeroSol 
output. Useful devices may also exhibit high emitted dose 
efficiency (i.e., low residual volume in the device). In order 
to increase the Overall efficiency of the System, emission 
may additionally be limited to periods of actual inhalation 
by the patient (i.e., breath actuated). Thus, while conven 
tional air-jet nebulizers exhibit a rate of aerosol output on the 
order of 3 ul/Sec, inhalation devices useful for use in the 
practice of the present invention will typically exhibit a rate 
of aerosol output of not less that about 4 ul/sec. In Some 
cases, inhalation devices useful for use in the practice of the 
present invention will exhibit a rate of aerosol output of not 
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less than about 5ul/sec or even not less than about 8 ul/sec. 
In addition, while conventional air-jet nebulizers have a 
relatively low emitted dose efficiency and typically release 
about 55% (or less) of the nominal dose as aerosol, inhala 
tion devices useful for use in the practice of the present 
invention may release at least about 75%, more preferably at 
least about 80% and most preferably at least about 85% of 
the loaded dose as aerosol for inhalation by the patient. In 
other aspects, conventional air-jet nebulizers typically con 
tinually release aeroSolized drug throughout the delivery 
period, without regard to whether the patient is inhaling, 
exhaling or in a Static portion of the breathing cycle, thereby 
wasting a Substantial portion of the loaded drug dose. In 
Some embodiments, inhalation devices for use in the present 
invention will be breath actuated, and restricted to delivery 
of aeroSolized particles of the aminoglycoside formulation 
to the period of actual inhalation by the patient. One 
representative inhalation device meeting the above criteria 
and Suitable for use in the practice of the invention is the 
Aerodose TM inhaler, available from Aerogen, Inc., Sunny 
Vale, Calif. The Aerodose inhaler generates an aeroSol using 
a porous membrane driven by a piezoelectric oscillator. 
AeroSol delivery is breath actuated, and restricted to the 
inhalation phase of the breath cycle, i.e., aeroSolization does 
not occur during the exhalation phase of the breath cycle. 
The airflow path design allows normal inhale-exhale breath 
ing, compared to breath-hold inhalers. Additionally, the 
Aerodose inhaler is a hand-held, Self-contained, and easily 
transported inhaler. Although piezoelectric oscillator aeroSol 
generators, Such as the Aerodose" inhaler, represent one 
embodiment for use in the practice of the invention, other 
inhaler or nebulizer devices may be employed that meet the 
above performance criteria and are capable of delivering the 
Small dosage Volumes of the invention with a relative high 
effective deposition rate in a comparatively short period of 
time. In other embodiments of the invention devices useful 
for delivering the concentrated aminoglycoside formulations 
of the invention include conventional air-jet nebulizers 
coupled with a compressor capable of higher than conven 
tional output pressures. Enhanced compressor output pres 
Sures useful in the practice of the invention will be readily 
determinable to those skilled in the art in view of the 
disclosure contained herein. AS one representative example, 
the PARILCPLUSTM jet nebulizer, PARI GmbH, Starnberg, 
Germany, driven by a Invacare MOBILAIRETM compressor, 
Invacare Corporation, Elyria, Ohio, Set for an output pres 
sure of about 35 psi has been found to be capable of 
delivering 3.5 ml of the concentrated aeroSolized aminogly 
coside formulations of the invention (Such as tobramycin) in 
10 minutes or less, as is hereinafter described in detail in 
Example 3. 

0.033 Aminoglycoside antibiotics useful in the practice 
of the invention include, for example, gentamicin, amikacin, 
kanamycin, Streptomycin, neomycin, netilmicin and tobra 
mycin. A presently particularly preferred aminoglycoside 
antibiotic for this purpose is tobramycin. Formulations 
according to the invention typically contain from about 60 to 
about 200 mg, more preferably from about 80 to about 180, 
and most preferably from about 90 to about 120 mg of 
aminoglycoside per ml of Solution. The aminoglycoside 
antibiotic of the invention may be incorporated into Sterile 
water or physiologically acceptable Solution. Other compo 
nents may be included in the formulation, as desired. In 
order to facilitate administration and compatibility with the 
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endobronchial Space, the aminoglycoside antibiotic of the 
invention is preferably formulated in a diluted physiological 
Saline Solution, Such as in one quarter Strength of normal 
Saline, having a Salinity adjusted to permit generation of 
tobramycin aerosol well-tolerated by patients but to prevent 
the development of Secondary undesirable Side effects Such 
as bronchoSpasm and cough. Typically, about 90 to about 
120 mg of aminoglycoside antibiotic is dissolved in 1 ml 
Solution of a diluted, typically quarter normal Saline con 
taining about 0.225% NaCl. Quarter normal saline, that is 
0.225% of sodium chloride, is a presently preferred vehicle 
for delivery of aminoglycoside into endobronchial Space. 
0034. By way of illustration, high concentrations of 
tobramycin administered to the lungs by aeroSolization 
result in maximization of Sputum levels of tobramycin and 
in minimization of tobramycin Serum levels. Thus, admin 
istration of tobramycin by aeroSolization has the advantage 
of reducing Systemic toxicity while providing efficacious 
concentrations of tobramycin in the Sputum. The bronchial 
barrier restricts the movement of aeroSolized tobramycin 
and prevents it from reaching high Systemic levels. 
0035) In other aspects of the present invention, unit dose 
formulations and devices are provided for administration of 
an aminoglycoside antibiotic formulation to a patient with 
an inhaler, in accordance with the methods of the invention 
as described Supra. Preferred unit dose devices comprise a 
container designed to hold and Store the relatively Small 
Volumes of the aminoglycoside antibiotic formulations of 
the invention, and to deliver the formulations to an inhala 
tion device for delivery to a patient in aerosol form. In one 
aspect, unit dose containers of the invention comprise a 
plastic ampoule filled with an aminoglycoside antibiotic 
formulation of the invention, and Sealed under Sterile con 
ditions. Preferably, the unit dose ampoule is provided with 
a twist-off tab or other easy opening device for opening of 
the ampoule and delivery of the aminoglycoside antibiotic 
formulation to the inhalation device. Ampoules for contain 
ing drug formulations are well known to those skilled in the 
art (see, for example, U.S. Pat. Nos. 5,409,125, 5,379,898, 
5,213,860, 5,046,627, 4,995,519, 4,979,630, 4,951822, 
4,502,616 and 3,993,223, the disclosures of which are 
incorporated herein by this reference). The unit dose con 
tainers of the invention may be designed to be inserted 
directly into an inhalation device of the invention for deliv 
ery of the contained aminoglycoside antibiotic formulation 
to the inhalation device and ultimately to the patient. 
0036). In accordance with this aspect of the invention, a 
unit dose device is provided comprising a Sealed container 
containing less than about 4.0 ml of an aminoglycoside 
antibiotic formulation comprising from about 60 to about 
200 mg/ml of an aminoglycoside antibiotic in a physiologi 
cally acceptable carrier, the Sealed container being adapted 
to deliver the aminoglycoside antibiotic formulation to an 
inhalation device for aeroSolization. Suitable aminoglyco 
Side antibiotics for use in connection with this aspect of the 
invention include those aminoglycoside antibiotics 
described in detail, Supra. In a presently preferred embodi 
ment, the aminoglycoside antibiotic employed in the unit 
dose devices of the invention is tobramycin. In other aspects, 
the unit dose devices of the invention contain less than about 
3.75 ml of the aminoglycoside Solution. In other aspects, the 
unit dose devices of the invention contain 3.5 ml or less of 
the aminoglycoside Solution. 
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0037. In other aspects of the invention, the unit dose 
devices of the invention may contain an aminoglycoside 
antibiotic formulation comprising from about 80 to about 
180 mg/ml of aminoglycoside antibiotic. In yet other aspects 
of the invention, the unit dose devices of the invention may 
contain an aminoglycoside antibiotic formulation compris 
ing from about 90 to about 150 mg/ml of aminoglycoside 
antibiotic. 

0.038. In preferred unit dose formulations of the inven 
tion, the physiologically acceptable carrier may comprise a 
physiological Saline Solution, Such as a Solution of one 
quarter Strength of normal Saline, having a Salinity adjusted 
to permit generation of a tobramycin aerosol that is well 
tolerated by patients, but that prevents the development of 
Secondary undesirable Side effects Such as bronchoSpasm 
and cough. 
0.039 These and other aspects of the inventive concepts 
may be better understood in connection with the following 
non-limiting examples. 

EXAMPLES 

Example 1 

In Vivo Study 1 
0040. A comparison was made of the safety, pharmaco 
kinetics, aerosol delivery characteristics, and nebulization 
time of the conventional dose and inhalation delivery System 
(5 mLampoule containing 300 mg tobramycin and 11.25 mg 
sodium chloride insterile water for injection (TOBIOR tobra 
mycin Solution for inhalation, Chiron Corporation, Seattle, 
Wash.), pH 6.0; administered with a PARILC PLUSTM jet 
nebulizer with a Pulmo Aide compressor) with 3 doses of 
TOBI (30 mg tobramycin in 0.5 mL solution, 60 mg in 1.0 
mL, and 90 mg in 1.5 mL) using a TM AeroDose"M inhaler 
device. 

0041. The study was designed as an open label, random 
ized, multicenter, Single dose, unbalanced, four treatment, 
three period croSSOver trial. Each patient was to receive three 
Single doses of aeroSolized antibiotic: the active drug control 
treatment during one treatment period and two of three 
experimental treatments during two additional treatment 
periods. Single dose administration during the three treat 
ment periods was to occur at one-week intervals. 
0042. In accordance with the study design, forty eight 
eligible male and female patients 12 years of age or older 
with a confirmed diagnosis of cystic fibrosis were to be 
enrolled in the Study and randomly assigned to one of 12 
treatment Sequences of three treatments each (one active 
control and two experimental treatments) with the constraint 
that the active control treatment was to be administered in 
either the first or the second of the three treatment periods. 
Experimental treatments were administered during all three 
treatment periods. Each patient inhaled a single dose of 
aeroSolized control and two of three experimental treatments 
in accordance with the present invention as follows. 

0.043 control delivery treatment (PARILCPLUS jet 
nebulizer+Pulmo Aide compressor): 
0044) TOBI 300 mg in 5 mL solution. 

004.5 experimental delivery treatments 
Dose"M inhaler breath actuated nebulizer): 

(Aero 
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0046) TOBI 30 mg in 0.5 mL solution; 
0047 TOBI 60 mg in 1.0 mL solution; 
0048 TOBI 90 mg in 1.5 mL solution. 

0049. The duration of study participation for each patient 
was to be approximately five weeks including a brief (2 days 
to one week) screening period, three one-week treatment 
periods, and a one-week telephone follow-up period. 
0050 Control and Experimental Treatments 
0051 Each patient was to self-administer under research 
Staff Supervision a total of three Single doses of aeroSolized 
tobramycin during the Study, one dose per croSSOver treat 
ment period. Patients were to receive a single dose of the 
control delivery treatment during period 1 or period 2 of the 
three treatment periods. In addition, each patient was to 
receive Single doses of two of the three experimental deliv 
ery treatments during the remaining two treatment periods. 
Control and experimental delivery treatments were Specified 
as follows. 

0.052 Control Delivery Treatment: 
0.053 PARI LC PLUS jet nebulizer with PulmoAide 
compressor: preservative free tobramycin 60 mg/mL 
(excipient 5 mL of 1/4 normal saline adjusted to a pH of 
6.0+0.5); 300 mg in 5 mL. 
0054 Experimental Delivery Treatments: 

0055 Aerodose with a 3-4 um mass medium diam 
eter (MMD) aerosol particle size: preservative free 
tobramycin 60 mg/mL (excipient 0.5 mL of 1/4 
normal saline adjusted to a pH of 6.0+0.5); 30 mg in 
0.5 mL, 

0056 Aerodose with a 3-4 um MMD: preservative 
free tobramycin 60 mg/mL (excipient 1.0 mL of 4 
normal saline adjusted to a pH of 6.0+0.5); 60 mg in 
1.0 mL. 

0057 Aerodose with a 3-4 um MMD: preservative 
free tobramycin 60 mg/mL (excipient 1.5 mL of 4 
normal saline adjusted to a pH of 6.0+0.5); 90 mg in 
1.5 mL. 

0058 Patients were placed upright in a sitting or standing 
position to promote normal breathing and were instructed to 
place the nose clips over the nostrils and to breath normally 
through the mouth until there was no longer any mist 
produced by the nebulizer. AeroSol delivery was anticipated 
to take 15 minutes to complete. 
0059 A pharmacist or coordinator prepared the 30 mg 
dose of TOBI by drawing 0.5 mL of the 60 mg/mL TOBI 
formulation into a one-mL Syringe. Each Syringe was 
labeled with the patient identification number. Study drug 
was dispensed into the medication reservoir as indicated in 
the Aerodose directions for use. TOBI 60 mg and 90 mg 
doses were similarly prepared by drawing two and three 0.5 
mLaliquots, respectively, from the TOBI ampoule into two 
and three one-mL Syringes. 
0060 Aerosol Delivery Systems 
0061 The control delivery system (PARI LC PLUS jet 
nebulizer) was used once per patient during the study for 
administration of TOBI 300 mg (control treatment). The 
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experimental delivery System (Aerodose inhaler) was used 
to deliver only one dose of Study treatments. 

0062) The control nebulizer, the PARI LC PLUS jet 
nebulizer with DeVilbiss Pulmo Aide compressor, generates 
aeroSol by air-jet shear. A detailed comparison of experi 
mental and control devices is provided in Table 1. 

TABLE 1. 

DEVICE COMPARISON 

PARILC PLUS Nebulizer 
Aerodose and De Vilbiss 

Device Characteristic Nebulizer PulmoAide Compressor 

Aerosol generating Piezoelectric Air-jet shear 
principle vibration 
Aerosol characteristics 
with TOBI 

Mass median diameter 4.0 pm 4.8 tim 
(MMD) 
Output rate 8.0 itLfsec 3.6 itLisec 
Emitted dose 85% 57% 
Dose actuation Breath-actuated by 

user inhalation 
On?off switch; when on, 
medication aerosolized 
continuously 

Breath actuated. An Continuous aerosol Output 
airflow sensor during both inhalation and 
system is used to exhalation 
limit aerosol 
generation to 
inhalation 
Green LED flashing None 
for “device ready 
and solid for 
“aerosolization 
Red LED for 
“low battery” 

Physical characteristics 3.3" x 2.6" x 1.1" 

Control of aerosol 
generation 

User indicator lights 

7.5" x 7.5" x 3.0" 
(nebulizer) 

Size 10.1" x 10.5" x 6.5" 
(compressor) 

Weight 140 gm 68 gm (nebulizer) 
3,200 gm (compressor) 

Power source Four AAA alkaline 115 VAC, 60 Hz. 
batteries 

Power consumption 2.5 watts 90 watts (max.) 
Where used Fully portable Restricted to power outlets 

supplying 115 VAC, 60 Hz 

0063) Selection of Doses in the Study 
0064 Commercial TOBI 60 mg/mL in 5 mL solution 
administered by PARI LC PLUS jet nebulizer and powered 
by the Pulmo Aide compressor was the active drug control 
delivery System against which potential improvements in 
aeroSol delivery technology by the Aerodose breath actuated 
nebulizer were compared in this example. 

0065. The selection of doses of experimental treatments 
(TOBI 30 mg in 0.5 mL solution, 60 mg in 1.0 mL, and 90 
mg in 1.5 mL) was based on empirical data on the com 
parative predicted efficiency of the Aerodose inhaler relative 
to the PARI LCPLUS nebulizer. The Selection of doses was 
also based on the assumption that TOBI delivered via the 
PARI LC PLUS jet nebulizer leads to the systemic absorp 
tion of approximately 11.7% of the administered dose 
{Pitlick, Nardella, et al., 1999. Furthermore, the mean and 
Standard deviation of the Serum concentration one hour after 
inhalation was 1.0 ug/mLt().58, Suggesting a wide range of 
deposition (Table 5.2 C, Clinical Pharmacology, PathoGen 
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esis NDA, #50,753). Due to design features of the Aerodose 
inhaler, it was estimated that between 50-70% of the drug 
would be delivered to the lung. This assumption is based on 
the predicted efficiency of a nebulized dose. 
0066 Patients were randomized to treatment sequence 
groups, and predose procedures were completed including a 
physical examination (only if abnormal during Screening), 
recheck of inclusion and exclusion criteria, interim history 
review, Spirometry, clinical evaluation, and blood and urine 
Specimens for laboratory tests (only if abnormal during 
Screening). A bronchodilator was to be administered before 
dosing if regularly used by the patient. Spirometry was 
completed 15-60 minutes after the bronchodilator, if appli 
cable. 

0067 Patients received a single dose of study treatments 
during each of three treatment periods Separated by an 
interval of 7 days between treatments. At the time of single 
dose administration during each period, patients were 
instructed to sit upright and use nose clips during aeroSol 
dose administration. 

0068 Patients remained at the clinic through completion 
of 8-hour post treatment procedures (nebulization time, 
Spirometry, and Sputum, Serum and urine Specimens for 
tobramycin determinations). Patients were then discharged 
from the clinic and were expected to collect and return their 
8-24 hour urine collection at the next visit, no later than 7 
days after their previous visit. Patients were to refrigerate 
urine collections at all times except during transport. 
0069 Safety Variables 
0070 Safety was assessed by monitoring the incidence of 
bronchoSpasm and by the quantitative change in pulmonary 
function (measured as change in FEV1 % predicted), the 
incidence of treatment emergent adverse events, and the 
incidence of unusually high Serum tobramycin results (>4 
Aug/mL), the significance of clinical laboratory test results, 
and the Significance of change in clinical evaluation results. 
0071 Bronchospasm (Airway Reactivity) 
0072 One objective of the study was to compare the rate 
of occurrence of bronchoSpasm (airway reactivity) between 
control and experimental delivery Systems. BronchoSpasm 
was measured by the change in forced expiratory Volume in 
1 second FEV (liters) from before dosing to 30 minutes 
after dosing during periods 1, 2, and 3. The number and 
percent of patients who experienced predose to postdose 
decreases in FEV (liters) that were 2.10% and those that 
were 220% were determined to assess the comparative 
incidence of bronchoSpasm among control and experimental 
treatments. Decreases in FEV (liters) that were 220% were 
considered clinically significant for the purposes of the 
study. Additionally, an acute decrease in FEV (liters)2.30% 
from before to after treatment was considered a Symptom of 
respiratory distreSS. In this event, continuation of the patient 
in the Study was at the discretion of the investigator. 

0073) Norms have been developed for FEV. These 
norms are commonly used in Studies of pulmonary patients. 
This study employed the Knudson equations that use age, 
gender, and height to predict a patient’s FEV1 values as if the 
patient was free of pulmonary function disease. The actual 
FEV value is divided by the normative value, and the 
resulting ratio is multiplied by 100 to produce a measure that 
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represents percentage of predicted normal function, com 
monly called percent predicted. The transformation is: 

FEV, 9% predicted=(FEV, 
value)x100 

0.074 Relative change in FEV1 % predicted is defined as 
the percent change from predose to 30 minutes postdose in 
FEV1 % predicted and is calculated as: 

0075) 
FEV1% predicted-(FEV1 (c. predicted at so minutes post 
dose)-FEV1(c. )/FEV (c. predose)x100 

0076 Clinical Laboratory Tests 
0.077 Serum creatinine, blood urea nitrogen (BUN), and 
dipstick urine protein results were obtained from Specimens 
drawn during Screening and before dosing during treatment 
period 3. Urine dipstick testing was always performed on 
fresh Specimens. Serum and urine Specimens that needed to 
be retained at the site (e.g., those drawn after shipping 
pick-up hours or on Friday or Saturday) were frozen until 
Shipment at the next earliest Shipping time. Specimens were 
covered with dry ice for Shipping. 

FEV, actual walue normative 

relative change in 

predicted at predose predicted at 

0078 All out of range laboratory results were evaluated 
for clinical Significance and drug relationship by the inves 
tigator using the following classification Scheme: 

0079 
0080 possible study medication relationship; 

clinically insignificant; 

0081 probable study medication relationship; 
0082 unrelated to study medication, related to con 
current illness, 

0083) unrelated to study medication, related to other 
concurrent medication; 

0084 other (investigator commentary). 
0085 Aerosol Delivery Variables 
0.086 Evaluation of the aerosol delivery characteristics of 
the Aerodose breath actuated nebulizer, compared to char 
acteristics of the FDA-approved PARI LC PLUS jet nebu 
lizer with PulmoAide compressor, was based on determina 
tion of Sputum, urine, and Serum tobramycin concentrations, 
calculation of certain Sputum and Serum pharmacokinetic 
parameters, and measurement of nebulization time. 
0.087 Sputum Tobramycin Concentrations 
0088. Before study treatments were administered, 
patients expectorated Sputum produced from a deep cough 
into an individual Specimen container. Immediately after 
treatment, patients rinsed their mouths three times with 30 
mL of normal Saline, gargled for 5-10 Seconds, and expec 
torated the rinse. 

0089 Post treatment sputum specimens were collected 
following the normal Saline gargle at 10 minutes and at 1, 2, 
4, and 8 hours after completion of the aeroSol drug admin 
istration for determination of Sputum tobramycin concen 
trations. Sputum specimens were judged to be acceptable if 
collected within +2 minutes of the scheduled 10-minute 
posttreatment collection time and within +10 minutes of the 
Scheduled 1-, 2-, 4-, and 8-hour collection times. After 
collection, Specimens were immediately frozen for later 
determination of tobramycin concentrations in Sputum. A 
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minimum of 1 gram of Sputum was required for analysis. 
Tobramycin concentrations in sputum (sputum LOQ 20.0 
Aug/gm) were measured by using HPLC. 
0090 Serum Tobramycin Concentrations 
0091 Whole blood was drawn by Venipuncture, an ind 
welling heparin/Saline lock, or a permanent venous acceSS 
port at 10 minutes and at 1, 2, 4, and 8 hours after 
completion of dosing. Blood Specimens were judged to be 
acceptable if collected within +2 minutes of the scheduled 
10-minute posttreatment collection time and within +10 
minutes of the Scheduled 1-, 2-, 4-, and 8-hour collection 
times. Blood specimens were allowed to clot for 30 minutes 
and were then centrifuged at 1500x g for 10 minutes until 
clot and Serum separated. Serum Samples (3 mL) were 
pipetted into plastic vials and frozen immediately for later 
determination of Serum tobramycin concentrations. 
0092 Tobramycin concentrations in serum were mea 
sured by Abbott TDXFLX(R) assay (Abbott Laboratories, 
Abbott Park, Ill.) serum lower limit of quantitation (LOQ)= 
0.18 ug/mL). 
0093 Urine Tobramycin Recovery 

0094) Urine specimens were collected and combined in a 
24-hour collection container during the 12 hours before 
treatment (-12-0 hour period) and during 0-8 hour and 8-24 
hour collection periods after treatment according to instruc 
tions provided in the Study Manual. Total urine volume for 
the collection period was recorded, and a 10 mLaliquot from 
each urine collection was retained and frozen for later 
analysis of urine tobramycin concentration. 

0.095 The recovery of tobramycin in urine (in milli 
grams) during 0-8 hour and 8-24 hour collection periods was 
calculated as follows. 

urine tobramycin recovery (ug)=urine volume 
(mL)urine tobramycin concentration (ug/mL) 

0096 Urine tobramycin recovery was normalized for 
each collection period according to TOBI dose as follows. 

dose-normalized urine tobramycin recovery (ug/mg)= 
urine tobramycin recovery (ug)+TOBI dose (mg) 

0097. The percent of the TOBI dose excreted in urine in 
the 24-hour period following treatment was calculated as 
follows. 

% tobramycin excreted in urine=(urinary recovery in 
Aug-1000 tug/mg)+TOBI dose in mg 100%. 

0098. If either the urine volume or the urine tobramycin 
concentration for a collection interval was missing, then the 
urine tobramycin recovery was not calculable for that inter 
val. If calculated urine tobramycin recovery was missing for 
either the 0-8 hour or the 8-24 hour collection interval, then 
the 0-24 hour urine tobramycin recovery was not calculated. 
Missing urine tobramycin recovery values were not replaced 
by estimated values for analysis purposes. 

0099 Tobramycin concentrations in urine were measured 
by Abbott TDXFLX(R) assay urine lower limit of quantitation 
(LOQ)=1.0 ug/mL). 
0100 Pharmacokinetic Parameters 
0101 The maximum tobramycin concentrations (C) 
in Sputum and Serum during the 8-hour posttreatment Sam 
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pling period were identified for each patient during each 
treatment period, and the time at which C was observed 
(T) was recorded. 
0102 Area under the concentration-time curve through 8 
hours postdose (AUCOos) was calculated from Sputum and 
Serum tobramycin concentrations using the linear trapezoi 
dal method. Nebulization time (excluding time for refilling) 
was added to the time between predose and 10 minutes 
postdose for AUCs calculations. 
0103 Area under the concentration-time curve extrapo 
lated to infinity (AUCo.) was calculated for Sputum and 
Serum as follows. 

AUCo-AUCoast-Colasti-kel 
WCC IS area under the Curve from O104 here: AUCoast i der th f 

predose through the last non-BQL time 

0105) C is the last non-BQL posttreatment 
concentration result k is the elimination rate 
constant (terminal phase slope) 

0106) and k=log2+T 
0107 where T is the elimination half-life for the 
patient. 

0108 Relative systemic bioavailability was calculated 
based on serum AUCs values for control (TOBI 300 mg 
delivered by PARI LC PLUS nebulizer) and experimental 
(TOBI 30 mg, 60 mg, and 90 mg delivered by Aerodose 
inhaler) groups as follows. 

relative bioavailability (%)=experimental group serum 
AUCost-control group serum AUCos 

0109 Missing tobramycin concentrations and those 
reported as Zero or below quantifiable limits (BQL) were not 
to be replaced with any estimated value. C, and AUCos 
were always determinable except in the event that all 
posttreatment tobramycin concentrations were missing, 
Zero, or BQL. There was no missing Sputum C. and 
AUC, values among the 49 patients who completed the 
study (refer to report section 9.3.1 for details). Four com 
pleting patients had indeterminate Serum C. and AUCos 
values due to BQL Serum results for each posttreatment 
Sampling time (refer to report Section 9.4.1 for details). 
0110 Nebulization Time 
0111) The timing (duration) of nebulization began with 
the patient's first tidal breath after the device was in place 
and continued until the device aerosolized no more TOBI 
Solution. Nebulization time did not include any interruptions 
or time needed TM for instillation of drug into the nebulizer 
between the repeat filling of the AeroDose"M inhaler. The 
length of any interruption in nebulization and the reason for 
interruption were recorded. 
0112 Safety Analyses 
0113) Reductions in FEV1% predicted 210% and 2.20% 
were used as indicators of the occurrence of bronchoSpasm 
(airway reactivity). McNemar's test for paired comparisons 
(replacing the Cochran-Mantel-Haenszel (CMH) test) was 
used for control VS. experimental treatment comparisons of 
the incidence of patients with predose to 30-minute postdose 
decreases in FEV1% predicted that were 210% and 220%. 
In addition, pairwise t-tests were used to compare mean 
relative change in spirometry FEV1 % predicted from pre 
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dose to postdose between each experimental treatment and 
the control treatment. All Statistical analyses were performed 
using two-sided tests conducted at a 0.05 Significance level 
(i.e., C=0.05). Since all Statistical tests were exploratory in 
nature, no adjustment of p-values was made for multiple 
testing. Changes from predose to postdose in Vital Signs, 
body weight, and the incidence of abnormal and/or clinically 
Significant laboratory and physical examination results were 
Summarized and evaluated descriptively. 
0114 Individual patient serum tobramycin results were 
monitored for unusually high values (24 ug/mL) that might 
potentially indicate the occurrence of Systemic toxicity. 
0115 Aerosol Delivery Analyses 
0116. The natural logarithms of AUC.s, AUC. and 
C based on sputum and serum tobramycin concentrations 
were to be Statistically analyzed using a mixed-effect 
repeated-measure analysis of variance model containing 
treatment, Sequence, period, and carryover as fixed effects 
and patient as a random effect. In the planned analysis of 
variance model, Sequence and carryover (treatment by 
period interaction) effects were confounded. The actual 
model used for the analysis was therefore modified by 
dropping the Sequence term So that the assessment of 
carryover (i.e., treatment by period interaction) could pro 
ceed. When AUCo. values were calculated, large outlier 
values were noted, and the analysis for this parameter was 
dropped. 
0117 Three hypotheses regarding whether the experi 
mental delivery treatment of 30 mg, 60 mg, or 90 mg TOBI 
was equivalent to the control delivery treatment of 300 mg 
TOBI were to be tested in the model. The experimental 
treatment to control ratio for each of the log AUC and C. 
parameters was estimated with 90 percent confidence inter 
vals (CIs). Upper and lower limits for the CIs were then 
obtained by back transformation (i.e., by exponentiating the 
log values of the upper and lower limits) to the original Scale 
of the parameter. If the CIs for the ratio of experimental and 
control treatments contained the value of 1.0, it was con 
cluded that the treatments were not significantly different at 
the C=0.1 for the 90% CIS. 

0118) If demographic or baseline characteristics showed 
important apparent differences between the three experi 
mental AeroDose" groups compared to all patients, then 
the discrepant factor and its interaction with the delivery 
treatment factor were to be added to the mixed-effect model. 
Exploratory evaluations of age, gender, body weight, and 
baseline pulmonary function (FEV percent predicted) dem 
onstrated no important effects on pharmacokinetic results. 
0119) Disposition of Patients 
0120) A total of 56 patients were screened for the study 
by the nine investigators. Fifty-three patients met entrance 
criteria, were enrolled in the Study, and were randomized to 
one of the 12 Sequences of treatment administration identi 
fied in the randomization code. A total of 3 patients failed to 
meet entrance criteria and were not enrolled in the Study: 2 
patients had screening FEV1 % predicted results that were 
below the 40% criterion required for entry, and one patient 
exhibited disqualifying Serum creatinine, BUN, and/or pro 
teinuria. 

0121 Accrual of the 53 randomized patients at 9 sites 
was as follows: 3 sites randomized 8 patients each, 2 Sites 
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randomized 7 patients, 3 Sites randomized 4 patients, and 
one site randomized 3 patients. Fifty two patients received 
at least one dose of Study treatments, and one patient was 
enrolled and randomized but withdrew from the study before 
the first Study treatment due to increased productive cough 
with a significant decline in forced expiratory volume (FEV) 
Since Screening (both events and associated hyperventilation 
were considered SAES due to hospitalization of the patient: 
included in Study database). 
0122) Of the 52 patients who received study treatments, 
49 patients completed the study, and 3 patients withdrew 
after having received one dose of Study treatment. Two of 
the withdrawn patients discontinued the Study during the 
control treatment period (TOBI 300 mg administered by 
PARI LCPLUS nebulizer), and one patient withdrew during 
the TOBI 90 mg by AeroDose"TM inhaler treatment period. 
0123 Baseline Characteristics 
0.124 Enrolled patients had documented laboratory 
(Sweat chloride 260 mEq/L by quantitative pilocarpine ion 
tophoresis test (QPIT) and/or genotype with 2 identifiable 
mutations) and clinical evidence consistent with a diagnosis 
of cystic fibrosis. Patients met all inclusion and exclusion 
criteria except for one patient whose pulmonary function 
entrance requirement (FEV1240% of predicted based on 
gender, age, and height) was waived (the patient's Screening 
FEV % predicted was 39.87%). The average FEV % 
predicted of all randomized patients was 66.4% at Screening 
with a range from approximately 40% to 116%. 
0.125 Patients reported no known local or systemic 
hyperSensitivity to aminoglycosides. Patients had taken no 
loop diuretics, no form of aminoglycoside within 7 days 
before Study treatments, and no investigational medications 
within 2 weeks before study treatments. 
0.126 Female patients had a negative pregnancy test 
before Study treatments, and all patients had Serum creati 
nine <2.0 mg/dL, BUNC40 mg/dL, and <2+proteinuria at 
Visit 1 Screening, as required by the protocol. Screening or 
repeat serum creatinine and BUN results were within the 
normal ranges for these tests before Study treatments. 
Screening or repeaturine protein results were positive 1+in 
3 patients, but this result did not preclude participation of 
these patients in the Study. 
0127 No disqualifying medical history or physical 
examination findings were noted at Visit 1 Screening. 
Screening and Visit 1 predose Vital Signs were unremarkable 
for nearly all patients. One patient exhibited low Systolic and 
diastolic blood pressures at (72/49 mmHg), but these results 
did not preclude participation of the patient in the Study. 
0128 Safety Evaluation 
0129. Extent of Exposure 
0130 Forty-nine patients received all 3 single doses of 
Study treatments according to the randomization code, and 3 
patients who withdrew from the study received one dose of 
study treatment. These 52 patients were included in the 
safety evaluation. Fifty-one of the 52 patients received a 
single dose of TOBI 300 mg, and 34, 32, and 33 of the 52 
patients received a single dose of TOBI 30 mg, 60 mg, and 
90 mg, respectively. Three of the 49 completing patients had 
to Stop treatment due to inhaler malfunction and Subse 
quently repeated the treatment period at a later date. As a 
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result, these 3 patients received a partial dose of TOBI 
during the period in which the malfunction occurred (the 
amount of the partial dose was not recorded) and a full dose 
of TOBI during the repeated period. 

0131 Pulmonary Function Results 
0132 Bronchospasm 
0133. In one aspect, the study compared the rate of 
occurrence of bronchoSpasm (airway reactivity) between 
control and experimental delivery Systems. The occurrence 
of bronchoSpasm was determined quantitatively based on 
the percent change in FEV (liters) from before dosing to 30 
minutes after dosing in each of the 3 treatment periods. For 
the purposes of the Study, predose to postdose reductions in 
FEV (liters)2.10% and 220% were defined as broncho 
spasm; reductions in FEV (liters)2.20% were considered 
clinically significant. 

0134) Fifteen patients (9 male and 6 female) experienced 
24 instances of bronchoSpasm during the Study. Two 
instances of clinically significant bronchoSpasm were 
observed (decline in FEV (liters)2.20%: patient 105-1034 
after TOBI300 mg and patient 102-1040 after TOBI 60 mg). 
No Statistically significant pairwise differences in the overall 
incidence of bronchoSpasm were noted between control and 
experimental treatments. No clear relationship appeared to 
exist between the incidence of bronchospasm and TOBI 
dose or delivery system (see Table 2 below). 

TABLE 2 

Incidence of Acute BronchoSpasm by Treatment 

TOBI 30 mg TOBI 60 mg TOBI 90 mg 
Broncho- TOBI 300 mg Aerodose Aerodose Aerodose 
spasm PARI LCPLUS inhaler? inhaler? inhaler 
Parameter (N = 51) (N = 34) (N = 32) (N = 33) 

FEV, 9 (17.6%) 5 (14.7%) 6 (18.8%) 4 (12.1%) 
Decrease 
2.10% 
FEV, 1 (2.0%) 0 (0.0%) 1 (3.1%) 0 (0.0%) 
Decrease 
22.0% 

Bronchospasm was defined by protocol as a decrease in FEV (liters) 
2.10% and 2.20% from predose to 30 minutes postdose. Declines 2.20% 
were considered clinically significant. 
"Control (C) treatment =TOBI 300 mg delivered by PARI LC PLUS 
nebulizer. 
°Experimental (E) treatments = TOBI 30, 60, or 90 mg delivered by Aero 
dose inhaler. 

0135). One patient 34 experienced clinically significant 
bronchospasm at 30 minutes after completing the TOBI 300 
mg dose during treatment period 1 (Visit 2). This 32-year old 
male patient’s FEV was 2.55 L before dosing and 1.98 L 
(decline in FEV (liters)2.20%) at 30 minutes after dosing. 
He experienced moderate chest tightness that resolved spon 
taneously. This patient also experienced a Second episode of 
bronchospasm 30 minutes after TOBI 60 mg during period 
2. The FEV, was 2.47 L before dosing and 2.14 L (decline 
in FEV (liters)2.10% but<20%) at 30 minutes after dosing. 
No Symptomatology was reported at the time of this event. 
No prestudy aminoglycoside use was noted for this patient. 

0.136. One patient experienced one instance of clinically 
significant bronchospasm 30 minutes after TOBI 60 mg 
during period 3 (visit 4) of the crossover. This 36-year old 
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male patient’s FEV was 2.26 L before dosing and 1.75 L 
(decline in FEV, (liters)2.20%) at 30 minutes after dosing 
(Archival Listing 3), but he reported no other Symptoma 
tology at this time. No prestudy aminoglycoside use was 
noted for this patient. This episode of bronchoSpasm 
appeared due in part to an uncharacteristically high predose 
FEV value. The 30-minute posttreatment value was similar 
to that obtained during period 2 when the change in FEV1 
did not meet the definition of bronchospasm. 
0.137 Among the 13 patients who experienced clinically 
non-significant bronchoSpasm, one patient experienced a 
decline in FEV (liters)2.10% but<20% after all three study 
doses were administered, 6 patients experienced a decline in 
FEV (liters)2.10% after two doses of study medication, and 
6 patients experienced a single instance of bronchoSpasm. 
Table 3 below lists instances of bronchospasm by patient, 
treatment period, and TOBI dose. 

TABLE 3 

Patient Dosing Regimen and Acute Bronchospasm 

Period 1 Period 2 Period 3 
(Visit 2) (Visit 3) (Visit 4) 

Site- TOBI Dose TOBI Dose TOBI Dose 
Patient ID/Gender Received Received Received 

108-1048/Female 3OOC 3Oc 60 
109-1015/Male 3OO 3Oc 60 
107-1027/Male 3OO 3Oc 90c 
103-1038/Female 3OOC 60 3O 
105-1034/Male 3OOde 60 3O 
107-1026/Female 3OO 60° 90 
102–1009/Female 3OOc 90c 3O 
102–1040/Male 3OO 90 6Od 
106–1050/Female 3Oce 3OO 90 
102-1007/Male 60° 3OOC 3O 
104-1021f Male 60° 3OOC 3O 
108-1044/Male 60 300 3Oc 
105-1047/Female 60 300 90 
106–1022/Male 90c,e 3OO 3O 
106-1041/Male 90c,e 3OOC 60° 

Bronchospasm is defined as a decrease in FEV (liters) 2.10% and 2.20% 
from predose to 30 minutes postdose. Declines 220% were considered 
clinically significant. 
The patient used a bronchodilator before dosing with study medication. 
Bronchospasm (not clinically significant): decrease in FEV (liters) 
2.10% but 20%. 
Bronchospasm (clinically significant): decrease in FEV (liters) 220%. 
The patient also reported “lung function decrease (COSTART term) as 
an AE during the designated treatment period. 

0.138. Three of the 15 patients with bronchospasm 
reported treatment-related Symptoms at the same time. One 
patient 15 experienced moderate wheezing (coded as 
asthma) after TOBI 30 mg during period 2, one patient 4 
experienced moderate chest tightness (coded as chest pain as 
reported previously) after TOBI300 mg during period 1, and 
one patient 41 experienced increased cough after TOBI 60 
mg during period 3. All events resolved either Spontaneously 
(chest tightness), with treatment (wheezing), or by holding 
and restarting therapy (increased cough). None of the 
adverse events led to a Serious outcome. 

0139 Four of the 15 patients with bronchospasm (and 
one patient without bronchoSpasm) reported "lung function 
decreased” (COSTART term) as an adverse event. In addi 
tion to the 4 patients with bronchospasm identified in Table 
3 above, one patient who experienced no bronchoSpasm, 
reported lung function decreased once after TOBI 60 mg and 
once after TOBI 90 mg delivered by the AeroDose TM inhaler. 
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0140. Initial instances of bronchospasm occurred more 
frequently during period 1 than during periods 2 or 3 of the 
crossover. Nine of the 15 patients first experienced bron 
chospasm during the first treatment period (visit 2), five 
patients during the Second treatment period, and one patient 
during the third treatment period. 
0141 Patients who routinely used a bronchodilator were 
permitted to continue to do So during the Study. Bronchodi 
lator doses were to be administered 15 to 60 minutes prior 
to study treatments. Nine of the 15 patients who experienced 
bronchoSpasm during the Study used a bronchodilator prior 
to administration of Study treatment. 
0142. Relative Change in FEV % Predicted 
0143. The magnitude of the relative change in FEV1 % 
predicted was calculated as a quantitative measure of the 
effect of TOBI treatments on pulmonary function during the 
Study. There were no Statistically significant differences 
among the 4 treatments and no evidence of the presence of 
period or carryover (treatment by period interaction) effects. 
Results of pairwise comparisons between control and 
experimental treatments are Summarized in Table 4. Since 
the overall treatment difference was not statistically signifi 
cant, the significant p-value for the TOBI 300 mg vs. TOBI 
30 mg comparison in Table 4 below (p=0.019) should not be 
interpreted as conclusive evidence of a difference. FIG. 1 
graphically illustrates the mean relative changes in FEV1 % 
predicted from before to 30 minutes after dosing for each of 
the treatments. 

TABLE 4 

MEAN (SD) RELATIVE CHANGE IN FEV1 % PREDICTED 

FEV, 9% TOBI 300 mg TOBI 30 mg TOBI 60 mg TOBI 90 mg 
Predicted PARILC Aerodose Aerodose Aerodose 
(%) PLUS inhaler? inhaler? inhaler 
Parameter (n = 51) (n = 34) (n = 32) (n = 33) 

Predose 67.8 (18.4) 65.5 (17.1) 65.4 (16.8) 71.3 (20.0) 
n = 51 n = 34 n = 32 n = 33 

30 minutes 63.7 (17.6) 63.0 (16.7) 62.5 (15.7) 68.7 (19.1) 
postdose n = 51 n = 34 n = 32 n = 32 
Relative -6.1 (5.2) -3.8 (5.4) –4.2 (6.2) -3.2 (7.4) 
change from n = 51 n = 34 n = 32 n = 32 
predose 
P-value for Treatment: Period: Carryover: 
COSSOWe O.141 O.199 NC 
Pairwise O.O19 O.O58 O.O83 
contrasts: 
C vs. E 
p-value 
(paired 
t-test): 

"Control (C) treatment = TOBI 300 mg delivered by PARI LC PLUS 
nebulizer. 
*Experimental (E) treatments = TOBI 30, 60, or 90 mg delivered by Aero 
dose inhaler. 
"Relative change from predose = 100% ((30 minute postdose value -pre 
dose value)/predose value). 
NC = carryover (treatment by period interaction) effect not statistically 
significant and was dropped from final model. 

0144. Safety Conclusions 
0145 Nine males and six females experienced treatment 
induced bronchoSpasm during the Study. There was no 
difference in the rate of occurrence of TOBI induced bron 
chospasm between control and experimental delivery Sys 
tems regardless of dose. The occurrence of bronchoSpasm 
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was rarely associated with patient Symptoms. All but four of 
the patients experiencing drug-induced bronchoSpasm had 
been prescribed bronchodilators prior to the Study Suggest 
ing that they had a history of airway reactivity. The dispro 
portionate number of males verSuS females experiencing 
airway reactivity is unusual in light of the fact that enroll 
ment was approximately 60% female and 40% male. The 
pivotal trials showed that gender had no influence on drug 
induced airway reactivity. However, it would be difficult to 
base any conclusions on this finding due to the Small patient 
numbers in this Study. 
0146 Treatment-emergent adverse events occurred in all 
treatment groups regardless of causality. The most common 
treatment-emergent experiences were associated with Res 
piratory and Body as a Whole systems. The most common 
individual events were cough increased, rhinitis, Sputum 
increased, asthma, chest pain, and headache. These events 
were also common to the patient's pretreatment Symptoms 
reflecting the patients underlying disease. For the majority 
of treatment-emergent adverse events, there were no mean 
ingful differences between TOBI doses or between the PARI 
LCPLUS nebulizer and the AeroDOSeTM inhaler. 

0147 The serious adverse events (SAEs) reported were 
primarily associated with an exacerbation of the patients 
underlying disease States. The one treatment-related SAE 
involved a possible Sensitivity reaction that, if documented, 
would have occurred regardless of device or dose. 
0148 Review of the clinical chemistry, vital signs, and 
physical findings did not reveal any clinically significant 
Safety issueS associated with the dose or delivery System 
used to administer TOBI. 

0149 All the patients were on multiple concurrent medi 
cations appropriate to their disease state (cystic fibrosis), 
other underlying illnesses, and age throughout the Study. The 
concurrent medications did not appear to have any influence 
on the Safety profile of the Study drug or either device during 
the Study. Overall, no clinically significant or unexpected 
safety issues for TOBI were identified in the study. The 
Study showed that there were no meaningful differences in 
the safety profiles of administering TOBI via the PARI LC 
PLUS delivery system in comparison with the Aerodose 
delivery System regardless of dose. 
0150 Aerosol Delivery Results 
0151. Data Analysis 
0152 Forty-nine of the 52 dosed patients completed the 
Study and were evaluable for pharmacokinetics by reason of 
having completed at least 2 doses of Study treatments. These 
49 patients also constituted the “completers' Subset of 
patients referred to in the summary tables. Three of the 52 
dosed patients discontinued the Study before completing 2 
doses of Study treatments and were not evaluable for phar 
macokinetics. All 52 patients were evaluable for the aeroSol 
delivery objective (nebulization time) of the study. 
0153 Sputum Tobramycin Concentrations and Pharma 
cokinetic Parameters 

0154 Compliance with Specimen Collection Require 
mentS 

O155 Six of 49 completing patients had a total of 11 
missing Sputum specimens. No more than one Sputum 
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sample was missed per treatment-time (e.g., for TOBI 300 
mg at one hour postdose). Two patients missed 2 or more 
Sputum Samples during the Study, and four patients missed 
a single Sputum Sample. 

0156 A Single completing patient provided no sputum 
pharmacokinetic data for the TOBI 60 mg treatment. One 
patient had missing Sputum Samples from 10 minutes 
through 8 hours after TOBI 60 mg treatment. After the 
database was locked, the missing Sputum concentration 
results were located. Sputum tobramycin concentrations at 
10 minutes and 1, 2, 4, and 8 hours were 0.82 ug/gm, BOL, 
0.0, 0.0, and 0.0, respectively. The database was not subse 
quently unlocked to add these data, Since the inclusion of 
these values would have had minimal impact on estimation 
and analyses of pharmacokinetic parameters. As a result, 
only C (0.82 ug/gm) and T (10 minutes=0.17 hour) 
values were excluded from TOBI 60 mg. PK estimates and 
analyses; AUC values were incalculable due to BQL tobra 
mycin concentrations from one through 8 hours after TOBI 
60 mg treatment. Sputum Tobramycin Concentrations Pre 
treatment Sputum tobramycin concentrations for all com 
pleting patients were below the limit of quantifiability 
(LOQ) throughout the study. 
O157. After dosing, sputum concentrations increased rap 
idly, reaching maximum concentrations within 10 minutes 
(see FIG. 2), and declined thereafter with median half-life 
values ranging from approximately 1.6 to 2.1 hours during 
the four treatments. The Sputum concentrations were highly 
variable among patients, as coefficients of variation (stan 
dard deviation divided by the mean times 100%) approached 
or exceeded 100% for each treatment at all time points. 
0158 For the AeroDose TM inhaler, mean sputum tobra 
mycin concentrations increased with increasing TOBI dose 
at each measurement time during the 8-hour postdose 
period. Mean sputum concentrations for the TOBI 90 mg 
treatment with the AeroDose TM inhaler were similar 
throughout the 8-hour period to those obtained for the TOBI 
300 mg treatment with the PARI LC PLUS nebulizer. 
0159. By 2 hours after the end of TOBI 30 mg and by 8 
hours after TOBI 60 mg, 90 mg, and 300 mg treatments, 
sputum concentrations were below LOO in at least half of 
the patients. Period effects on Sputum tobramycin concen 
trations were not observed. 

0160. After TOBI administration using the AeroDose"TM 
inhaler, maximum plasma concentrations (C) and area 
under the plasma concentration time profile (AUCos) 
increased linearly with dose (Table 5 below and FIGS. 3 
and 4), Suggesting linear pharmacokinetics. Dose normal 
ized C and AUC values were comparable among Aero 
Dose"M dose levels, indicating dose proportionality (based 
on AUC values). 
0.161 Comparing devices, mean C, and AUCos for the 
TOBI 90 mg treatment delivered by the AeroDose TM inhaler 
achieved similar levels as those obtained by the TOBI 300 
mg treatment delivered by the PARI LC PLUS nebulizer. 
The dose normalized C. and AUCos results were higher 
during Aero Dose TM treatments than during the PARI LC 
PLUS treatment, indicating that the AeroDose TM inhaler 
exhibited higher efficiency. The bioavailability of the Aero 
Dose TM device was about 3-fold higher than that of the PARI 
LCPLUS nebulizer. 
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0162 Exploratory analyses Suggested that sputum phar 
macokinetic results were unaffected by characteristics 
present before treatments began (age, gender, body weight, 
FEV1 % predicted at screening) and were unaffected by 
events noted after the start of treatments (device failure, 
occurrence of bronchoSpasm defined as a decrease 2.10% in 
FEV, and relative change in FEV1 % predicted). 

TABLE 5 

MEAN (SD) SPUTUM TOBRAMYCIN 
PHARMACOKINETIC PARAMETERS 

Sputum TOBI 300 mg TOBI 30 mg TOBI 60 mg TOBI 90 mg 
Pharmaco- PARILC Aerodose Aerodose Aerodose 
kinetic PLUS inhaler inhaler inhaler 
Parameter (n = 49) (n = 34) (n = 32) (n = 32) 

Cmax 985.65 329.05 577.83 958.OO 

(ug/gm) (839.34) (311.30) (538.42) (952.30) 
No. pts with 49 34 31 32 
data: 

E vs. C &OOO1 O.OO2 O.856 

p-value: 
E/C (0.23, 0.41) (0.43, 0.75) (0.72, 1.30) 
(90% CIs): 
Dose- 3.29 10.97 9.63 (8.97) 10.64 
normalized (2.80) (10.38) (10.58) 
Cmax 

No. pts with 49 34 31 32 
data: 

E/C (2.82, 5.13) 
(90% CIs): 
Ta (hr) 0.26 (0.38) 0.24 (0.24) 0.38 (0.76) 0.33 (0.41) 
No. pts with 49 34 31 32 
data: 

Tya (hr) 6.41 (24.09) 2.04 (1.31) 12.89 13.02 
(42.61) (36.91) 

Median Ta 1.71 1.78 2.06 1.60 

(hr) 
No. pts with 41 15 21 24 
data: 

AUCos 1471.16 360.79 804.78 1275.23 

(hr uggm) (1278.22) (422.23) (722.83) (1358.52) 
No. pts with 49 34 31 32 
data: 
E vs. C &OOO1 &OOO1 O.465 

p-value: 
E/C (0.19, 0.28) (0.45, 0.69) (0.72, 1.14) 
(90% CIs): 
Dose- 1.90 (4.26) 12.03 13.41 14.17 
normalized (14.07) (12.05) (15.10) 
AUCos 

mg 

No. pts with 49 34 31 32 
data: 

E/C (2.78, 4.12) 
(90% CIs): 
AUCo. 1996.36 638.68 1661.66 5544.88 

(hr uggm) (2013.70) (586.85) (2334.89) (14831.0) 
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TABLE 5-continued 

MEAN (SD) SPUTUM TOBRAMYCIN 
PHARMACOKINETIC PARAMETERS 

Sputum TOBI 300 mg TOBI 30 mg TOBI 60 mg TOBI 90 mg 
Pharmaco- PARILC Aerodose Aerodose Aerodose 
kinetic PLUS inhaler inhaler inhaler 
Parameter (n = 49) (n = 34) (n = 32) (n = 32) 

No. pts with 41 15 21 24 
data: 

Control (C) treatment = TOBI 300 mg delivered by PARI LC PLUS 
nebulizer. 
Experimental (E) treatments = TOBI 30, 60, or 90 mg delivered by Aero 
dose inhaler. 
Pairwise contrast: TOBI 300 mg PARI LC PLUS group vs TOBI (30, 60, 
90 mg) Aerodose groups. 
Back-transformed 90% confidence intervals around the mean of the log 

ratio of E and C treatments. 
Sputum limit of quantifiability (LOO): 20 tug/gm. 

0163 Differences among the treatment groups in C, 
and AUCos (Table 5 above; FIGS. 3 and 4) were statisti 
cally significant (p<0.001) with no evidence of period or 
carryover (treatment by period interaction) effects. In pair 
Wise comparisons, C and AUCos were significantly 
greater for TOBI 300 mg than for TOBI 30 mg and for TOBI 
60 mg but not for TOBI 90 mg (90% CIs for C=(0.72, 
1.30); for AUCos=(0.72, 1.14)). 
0164. The AeroDose"TM inhaler was more efficient, 
regardless of TOBI dose, than the PARI LCPLUS nebulizer 
based on dose normalized sputum C. and AUCs results. 
Dose normalized means for these pharmacokinetic param 
eters were similar among AeroDose TM treatments but 
approximately 3-fold higher than the dose normalized 
results after TOBI 300 mg delivered by the PARI LCPLUS 
nebulizer (see Table 5). 
0.165. The time to maximum sputum tobramycin concen 
trations (T. in Table 5 above) was similar for all treatment 
groups and averaged between 0.24 and 0.38 hours for 
AeroDose"TM doses compared to 0.26 hours for the TOBI300 
mg treatment using the PARI LC PLUS. Elimination half 
life (median T in Table 5) was also similar among Aero 
Dose TM treatments, averaging 1.60 to 2.06 hours, compared 
to 1.71 hours for TOBI 300 mg. 
0166 Exploratory analyses revealed no substantial asso 
ciation between Sputum pharmacokinetic results and patient 
characteristics present before treatments (age, gender, body 
weight, pulmonary function FEV1 % predicted at Screen 
ing) or emergent events after the start of treatments (device 
failure, occurrence of bronchospasm decrease 2.10% in 
FEV, from predose to 30 minutes postdose), relative change 
in FEV. 
0.167 Serum Tobramycin Concentrations and Pharmaco 
kinetic Parameters 

0168 Forty-four (44) of 49 completing patients had no 
measurable Serum tobramycin concentrations before dosing 
in any of the 3 treatment periods, and five patients exhibited 
measurable predose serum tobramycin above the lower LOO 
in the periods indicated in Table 6 below. 
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TABLE 6 
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MEASURABLE TOBRAMYCIN IN PREDOSE SERUMSPECIMIENS 

Previous Treatment Period 

8-hour Serum 

Measurable Predose 

Tobramycin during 
Tobramycin Serum Period Listed 

Treatment TOBI Dose Concentration T. Tobramycin 
Patient Sequence (mg) (ug/mL) (hr) Concentration (ug/mL) 

107-1030 C-1-2 prestudy na na Per 1-0.70 
107-1027 C-1-3 3OO &O.2O 1.68 Per 2-0.29 
105-1034 C-2-1 prestudy na na Per 1-0.28 

3OO 1.OO 7.75 Per 2-0.23 
103-1019 1-C-2 3O O.35 10.85 Per 2-0.20 
102-1007 2-C-1 prestudy na na Per 1-0.77 

60 O.75 7.71 Per 2-1.38 
3OO O.96 10.62 Per 3-0.60 

Treatments: C = Control TOBI 300 mg using PARI LC PLUS; 1 = TOBI 30 mg using 
Aerodose inhaler; 2 = TOBI 60 mg using Aerodose inhaler; 3 = TOBI 90 mg using Aero 
dose inhaler. 
Measurable tobramycin in serum: tobramycin concentration > LOQ (0.2 ug/mL). 
na = not available before the start of Period 1. 

0169 Table 6 also identifies predose serum specimens for 
periods 2, 3, or both that had measurable tobramycin in 4 of 
the 5 patients. These findings are also reflected in non-Zero 
mean amounts of predose tobramycin concentrations in 
periods 2 and 3. Three of the 5 patients exhibited measurable 
serum tobramycin after having received TOBI 300 mg 
during the immediately preceding Study period. 
0170 These measurable predose results may represent 
carryover from previous treatment or non-Specific assay 
interference, but the low frequency and magnitude of the 
results Suggests that a Substantial effect on posttreatment 
analyses was unlikely. 

0171 After each of the four TOBI treatments, serum 
tobramycin concentrations gradually increased, reaching a 
maximum at one hour after dosing (FIG. 5), and declined 
thereafter with median half-lives ranging from 2.73 to 4.27 
hours (Table 7 below). 
0172 For the Aerodose inhaler, mean serum tobramycin 
concentrations increased with increasing TOBI dose at each 
time during the 8-hour posttreatment period, but mean 
values for TOBI 90 mg were less at each posttreatment time 
than those seen for TOBI 300 mg using the PARI LCPLUS 
nebulizer. 

0173 By 4 hours after the end of TOBI 30 mg and by 8 
hours after TOBI 60 mg and 90 mg treatments, serum 
concentrations were below LOO in at least half of the 
patients median (50" percentile) serum concentrations=0.0 
lug/mL). More than half of the TOBI 300 mg patients 
remained above the serum LOO at 8 hours posttreatment. 
There was no apparent pattern of change in posttreatment 
Serum tobramycin concentrations from period to period for 
any of the 4 treatments, and there was no clear indication of 
the presence of a carryover (treatment by period interaction) 
effect in posttreatment results. 
0.174 Serum Pharmacokinetic Parameters 
0.175. After TOBI administration using the Aerodose 
inhaler, mean C, and AUC results increased linearly with 
dose after the administration of the 30, 60, and 90 mg doses 
(Table 7), Suggesting linear pharmacokinetics. Dose normal 

ized AUC results were Similar among the Aerodose dose 
levels, Suggesting dose proportionality. 

0176 Comparing devices, C, and AUCs for the TOBI 
90 mg dose using the Aerodose inhaler were not as high as 
results achieved by the TOBI 300 mg dose using the PARI 
LCPLUS nebulizer. However, the dose-normalized param 
eters were higher for the Aerodose inhaler at all three TOBI 
dose levels, indicating better efficiency of the new device. 
Similar to the sputum data, the relative bioavailability was 
approximately 3-fold higher for the Aerodose inhaler as 
compared to the PARI nebulizer. The variability based on 
AUCs was similar for both devices. 

0177 Exploratory analyses suggested that serum phar 
macokinetic results were unaffected by characteristics 
present before treatments began (age, gender, body weight, 
FEV1 % predicted at screening) and were unaffected by 
events noted after the start of treatments (device failure, 
occurrence of bronchoSpasm defined as a decrease 2.10% in 
FEV, and relative change in FEV1 % predicted). 

TABLE 7 

MEAN (SD) SERUM TOBRAMYCIN CONCENTRATIONS 
BYTIME AND PHARMACOKINETIC PARAMETERS 

Serum TOBI 300 mg TOBI 30 mg TOBI 60 mg TOBI 90 mg 
Pharmaco- PARILC Aerodose Aerodose Aerodose 
kinetic PLUS inhaler inhaler inhaler 
Parameter (n = 49) (n = 34) (n = 32) (n = 32) 

Cmax 1.12 (0.44) 0.38 (0.17) 0.69 (0.34) 0.96 (0.40) 
(ug/mL) 
No. pts with 49 3O 32 32 
data: 
Ews C &OOO1 &O.OO1 0.027 
p-value: 
E/C (0.29, 0.36) (0.53, 0.66) (0.75, 0.96) 
(90% CIs): 
Dose- O.OO37 O.O127 O.O116 O.O106 

normalized (0.0015) (0.0058) (0.0056) (0.0045) 
Cmax 

No. pts with 49 3O 32 32 
data: 
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TABLE 7-continued 

MEAN (SD) SERUM TOBRAMYCIN CONCENTRATIONS 
BYTIME AND PHARMACOKINETIC PARAMETERS 

Serum TOBI 300 mg TOBI 30 mg TOBI 60 mg TOBI 90 mg 
Pharmaco- PARILC Aerodose Aerodose Aerodose 
kinetic PLUS inhaler inhaler inhaler 
Parameter (n = 49) (n = 34) (n = 32) (n = 32) 

E/C (2.52, 3.25) 
(90% CIs): 
Ta (hr) 1.05 (0.38) 1.14 (0.42) 0.98 (0.28) 1.14 (0.64) 
No. pts with 49 3O 32 32 
data: 
Tya (hr) 3.42 (1.63) 6.75 (5.31) 4.16 (2.34) 3.10 (1.10) 
Median Ta 3.14 4.27 3.42 2.73 

(hr) 
No. pts with 49 11 28 31 
data: 
AUCos 4.96 (2.24) 1.43 (1.43) 2.98 (1.92) 3.94 (1.52) 
(hr tug/mL) 
No. pts with 49 3O 32 32 
data: 
E vs. C &OOO1 &OOO1 O.165 
p-value: 
E/C (0.18, 0.25) (0.46, 0.62) (0.75, 1.03) 
(90% CIs): 
Dose- O.O166 O.O.478 O.O496 O.O438 

normalized (0.0075) (0.0477) (0.0319) (0.0169) 
AUCos 

No. pts with 49 3O 32 32 
data: 
E/C (2.51, 3.21) 
(90% CIs): 
AUCo. 6.66 (4.32) 6.49 (7.71) 5.11 (4.62) 5.02 (1.63) 
(hr tug/mL) 
No. pts with 49 11 28 31 
data: 

Control (C) treatment = TOBI 300 mg delivered by PARI LC PLUS 
nebulizer. 
Experimental (E) treatments = TOBI 30, 60, or 90 mg delivered by Aero 
dose inhaler. 
Pairwise contrast: TOBI 300 mg PARI LC PLUS group vs TOBI (30, 60, 
90 mg) Aerodose groups. 
Back-transformed 90% confidence intervals around the mean of the log 

ratio of E and C treatments. 
Serum limit of quantifiability (LOQ): 0.2 tug/mL. 

0.178 Differences among treatment groups in Serum C. 
and AUCs (Table 7 above; FIGS. 6 and 7) were statisti 
cally significant (p<0.001) with no period or carryover 
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effects in the Overall analyses. In pairwise comparisons, 
C and AUCos were significantly greater for TOBI300 mg 
using the PARI LC PLUS than for TOBI 30 mg and TOBI 
60 mg using the Aerodose inhaler (p<0.001 in each com 
parison). C. was statistically significantly higher 
(p=0.027) for TOBI 300 mg compared to the TOBI 90 mg 
dose, and AUCos was slightly but not significantly 
(p=0.165) greater for TOBI 300 mg than for TOBI 90 mg. 

0179 The Aerodose inhaler was more efficient, regard 
less of TOBI dose, than the PARI LCPLUS nebulizer based 
on dose normalized Sputum C. and AUCs results. Dose 
normalized means for these pharmacokinetic parameters 
were similar among Aerodose treatments but approximately 
3-fold higher than the dose normalized results after TOBI 
300 mg delivered by the PARILCPLUS nebulizer (Table 7). 

0180 T (Table 7) was similar for the four treatments, 
averaging between 0.98 and 1.14 hours for Aerodose treat 
ments and 1.05 hours for the TOBI 300 mg treatment using 
the PARI LCPLUS. Median T. ranged from 2.73 to 4.27 
hours among the Aerodose dose levels, compared to 3.14 
hours for TOBI300 mg using the PARI LCPLUS nebulizer. 
Median Ta results using the Aerodose inhaler appeared to 
decrease with increasing TOBI dose, but this was considered 
an artifact related to greater frequency of missing T values 
(due to more BQL results) at lower TOBI dose levels. 

0181 Exploratory analyses revealed no Substantial asso 
ciation between Serum pharmacokinetic results and patient 
characteristics present before treatments (age, gender, body 
weight, pulmonary function FEV1 % predicted at Screen 
ing) or emergent events after the start of treatments (device 
failure, occurrence of bronchospasm decrease 2.10% in 
FEV, from predose to 30 minutes postdose), relative change 
in FEV. 
0182) Urinary Recovery of Tobramycin 

0183) Thirty-nine (39) of 49 completing patients had no 
measurable urine tobramycin concentrations before dosing 
in any of the 3 treatment periods, and 10 patients exhibited 
measurable predose urine tobramycin above the lower LOO 
in the periods indicated in Table 8 below. 

TABLE 8 

MEASURABLE TOBRAMYCIN IN PREDOSE URINE SPECIMIENS 

Previous Period Measurable Predose 

8-24 hour Urine Tobramycin during 
Tobramycin Serum Period Listed-Urine 

Treatment TOBI Dose Concentration T12 Tobramycin 
Patient Sequence (mg) (ug/mL) (hr) Concentration (ug/mL) 

103-1005 C-1-2 prestudy na na Per 1-380 
3OO 3.92 4.8O Per 2-2.06 
3O 2.48 not estimable Per 3-1.2O 

103-1039 C-1-3 prestudy na na Per 1-1.82 
3OO 6.76 1.87 Per 2-2.58 

104-1024 C-1-3 3OO 5.14 3.16 Per 2-1.48 
107-1027 C-1-3 prestudy na na Per 1-3.14 

3OO 6.04 1.68 Per 2-1.58 
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MEASURABLE TOBRAMYCIN IN PREDOSE URINE SPECIMIENS 

Previous Period 

8-24 hour Urine 
Tobramycin Serum 

Treatment TOBI Dose Concentration T1/2 
Patient Sequence (mg) (ug/mL) (hr) 

104-102O C-2-1 prestudy mad mad 
3OO 13.40 2.93 
60 5.8O 12.96 

109-1014 C-2-3 60 <1.0 4.06 
106-1025 1-C-2 3OO 5.14 3.8O 
103-1012 2-C-3 3OO 2.26 3.63 
101-10O2 3-C-1 3OO 7.82 3.37 
103-1006 3-C-2 prestudy na na 

90 10.10 3.14 
3OO 8.06 4.48 

Measurable Predose 

Tobramycin during 
Period Listed-Urine 

Tobramycin 
Concentration (ug/mL) 

Per 1-1.74 
Per 2-2.28 
Per 3-130 
Per 3-1322 
Per 3-270 
Per 3-1.16 
Per 3-1.12 
Per 1-2.72 
Per 2-3.10 
Per 3-2.08 

Treatments: C = Control TOBI 300 mg using PARI LC PLUS; 1 = TOBI 30 mg using Aerodose 
inhaler; 2 = TOBI 60 mg using Aerodose inhaler; 3 = TOBI 90 mg using Aerodose inhaler. 
Measurable tobramycin in urine: tobramycin concentration > LOO (1.0 ug/mL). 
Dosing interrupted by inhaler malfunction. 
"na = not applicable; previous urine specimens were not collected. 

0184 Table 8 shows that measurable urine tobramycin 
was recovered before dosing in periods 2, 3, or both for all 
10 patients. Nine of the 10 patients had measurable predose 
urine tobramycin after TOBI 300 mg treatment during the 
preceding Study period. One patient exhibited measurable 
tobramycin in both predose Serum and predose urine, and 
these events both followed TOBI 300 mg administration 
during the previous period. 
0185. Although carryover effect cannot be ruled out, the 
overall results Suggest that Such an effect is unlikely. The 
elimination half-life in sputum ranged from 1.60 to 2.06 
hours, and in serum ranged from 2.73 to 4.27 hours, with no 
Substantial differences between the four treatments. Addi 
tionally, the amount of tobramycin excreted in urine was 
larger during the 0-8 hour period compared to the 8-24 hour 
period, consistent with the short T of tobramycin. More 
importantly, in clinical Phase III Studies in patients, multiple 
daily administrations did not result in any accumulation. 
Therefore it can be concluded that such carryover effect is 
most likely due to nonspecificity of the assay. 
0186 Consistent with the serum data, the amount of 
tobramycin excreted in urine was higher for TOBI 300 mg 
compared to TOBI 90 mg (Table 9 below). However, the 
percent of dose excreted in urine was 3-fold higher for the 
Aerodose inhaler at all dose levels (16 to 18%) as compared 
to the PARI LC PLUS nebulizer. 

TABLE 9 

MEAN (SD) URINARY RECOVERY OF TOBRAMYCIN BYTIME 

TOBI TOBI TOBI TOBI 
300 mg 30 mg 60 mg 90 mg 

Urine PARI Aerodose Aerodose Aerodose 
Tobramycin LCPLUS inhaler inhaler inhaler 
Recovery (n = 49) (n = 34) (n = 32) (n = 32) 
Collection 
Interval Before 
and After Dosing: 

-12-0 hr predose 3.05.1 122.8 67.9 615.5 
(ug) (1412.0) (340.7) (192.8) (3202.5) 

TABLE 9-continued 

MEAN (SD) URINARY RECOVERY OF TOBRAMYCIN BYTIME 

TOBI TOBI TOBI TOBI 
300 mg 30 mg 60 mg 90 mg 

Urine PARI Aerodose Aerodose Aerodose 
Tobramycin LCPLUS inhaler inhaler inhaler 
Recovery (n = 49) (n = 34) (n = 32) (n = 32) 
No. pts with data 48 33 32 31 
0-8 hr postdose 150O3.O 4835.6 8490.3 12304.8 
(ug) (7116.2) (2649.6) (3159.6) (5352.7) 
No. pts with data 48 34 32 32 
Dose-normalized SO.O 161.2 141.5 136.7 
(ug)/mg (23.7) (88.3) (52.7) (59.5) 
No. pts with data 48 34 32 32 

E/C (90% CIs): (2.50, 3.62) 
8-24 hr postdose 3O72.1 794.1 1367.4 2095.2 
(ug) (2271.2) (853.1) (1118.8) (1818.7) 
No. pts with data 47 34 31 31 
Dose-normalized O.2 26.5 22.8 23.3 

(ug)/mg (7.6) (28.4) (18.6) (20.2) 
No. pts with data 47 34 31 31 

E/C (90% CIs): (2.44, 3.48) 
Total O-24 hour 18113.2 5629.7 98O2.7 14588.1 

(ug) (83.03.4) (2993.6) (3771.0) (60449) 
No. pts with data 46 34 31 31 
Dose-normalized 60.4 187.7 1634 1621 

(ug)/mg (27.7) (99.8) (62.8) (67.2) 
No. pts with data 46 34 31 31 

E/C (90% CIs): (2.23, 3.27) 
Percent of Dose 6.O 18.8 16.3 16.2 

Excreted (%) 

Control (C) treatment = TOBI 300 mg delivered by PARI LC PLUS 
nebulizer. 
Experimental (E) treatments = TOBI 30, 60, or 90 mg delivered by Aero 
dose inhaler. 
% excreted = (urinary recovery in tug + 1000 tug/mg) + Dose in mg 
100%. 
Urine limit of quantifiability (LOQ): 1.0 ug/mL urine. 

0187. For the Aerodose inhaler, mean 24-hour recovery 
of tobramycin from the urine increased with increasing 
TOBI dose during the study (Table 9 above; FIG. 8). 
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Tobramycin recovery appeared to be dose proportional for 
the Aerodose inhaler, as mean 24-hour recovery normalized 
for dose was Similar among Aerodose treatments. 
0188 Comparing devices, mean recovery for the TOBI 
90 mg treatment was less than that seen for TOBI 300 mg 
using the PARI LC PLUS nebulizer. However, a greater 
percentage of the administered TOBI dose was recovered in 
the urine of patients who were dosed with the Aerodose 
inhaler (18.8%, 16.3%, and 16.2%, respectively), irrespec 
tive of TOBI dose, than was recovered from patients who 
were dosed with the PARI LCPLUS nebulizer (6.0% of the 
administered TOBI 300 mg dose). 
0189 The largest amount of tobramycin was recovered 
during the first 8 hours after dosing. There was no apparent 
pattern of period-to-period change in posttreatment urine 
tobramycin recovery for any of the 4 treatments. Although 
a potential carryover could not be ruled out in approximately 
20% of the patients due to recovery of measurable tobra 
mycin in predose urine, there was no clear indication of the 
presence of a carryover (treatment by period interaction) 
effect in posttreatment results. 
0190. The percent of administered dose recovered in 
urine over 24 hours postdose does not represent the deliv 
ered dose in the lung or absolute bioavailability. It is 
understood that a Substantial amount of lung deposited dose 
Still remains in the body at 24 hours postdose. 
0191 Nebulization Time 
0192 Mean total nebulization time increased with 
increasing TOBI dose (Table 10 below; FIG. 9) and was 
Substantially leSS when the Aerodose inhaler was used at 
each TOBI dose level (mean SD for TOBI 30 mg=2.8+1.0 
min; TOBI 60 mg=5.4+2.1 min; TOBI 90 mg=8.0+2.5 min) 
than when the PARI LC PLUS nebulizer was used (TOBI 
300 mg=17.7+4.7 min). 

TABLE 10 

MEAN (SD) NEBULIZATION TIME 

TOBI TOBI TOBI TOBI 
300 mg 30 mg 60 mg 90 mg 
PARI Aerodose Aerodose Aerodose 

LCPLUS inhaler? inhaler inhaler? 
Parameter (n = 51) (n = 34) (n = 32) (n = 33) 

Nebulization 17.7 (4.7) 2.8 (1.0) 5.2 (2.1) 8.0 (2.5) 
Time (min) 
No. pts with data 51 34 32 32 

"Control (C) treatment = TOBI 300 mg delivered by PARI LC PLUS 
nebulizer. 
"Experimental (E) treatments = TOBI 30, 60, or 90 mg delivered by Aero 
dose inhaler. 
*Total duration of nebulization excluding fill time. 

CONCLUSIONS 

0193 The Aerodose inhaler substantially reduced the 
amount of time required to nebulize the administered TOBI 
dose, compared to the approved PARI LC PLUS nebulizer, 
and nebulization time increased with increasing TOBI dose 
(TOBI 300 mg delivered by PARI LC PLUS mean=17.7 
minutes VS. 2.8 minutes, 5.4 minutes, and 8.0 minutes for 
TOBI 30 mg, 60 mg, and 90 mg, respectively). 
0194 Sputum tobramycin concentrations throughout the 
8-hour Sampling period after dosing increased with increas 
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ing TOBI dose through 90 mg delivered by the Aerodose 
inhaler, but results for TOBI 90 mg and TOBI 300 mg 
delivered by the PARI LC PLUS nebulizer did not differ 
Substantially or consistently. Sputum tobramycin results 
were highly variable, with coefficients of variation 
approaching or exceeding 100% for each treatment at all 
time points. On average, Sputum concentrations reached 
their maximum at 10 minutes after each of the 4 treatments. 
By 2 hours after TOBI 30 mg and by 8 hours after TOBI 60 
mg, 90 mg, and 300 mg, Sputum concentrations were below 
the lower limit of quantifiability (LOQ) in at least half of the 
patients. 

0.195 The mean of the maximum sputum concentration 
was significantly greater after TOBI 300 mg (mean=985.65 
ug/gm) than after TOBI 30 mg (329.05ug/gm: p<0.001) and 
TOBI 60 mg (577.83 ug/gm. p=0.002) but not TOBI 90 mg 
(958.00 tug/gm: p=0.856; 90% CIs for the ratio of TOBI 90 
mg/TOBI 300 mg C=0.72, 1.30). The Aerodose inhaler 
was more efficient than the PARILC PLUS nebulizer based 
on sputum C. results adjusted for TOBI dose administered 
(TOBI300 mg with PARI LCPLUS: dose-normalized mean 
C=3.29 (ug/gm)/mg; TOBI 30, 60, and 90 mg with 
Aerodose=10.97, 9.63, and 10.64 (ug/gm)/mg, respec 
tively). 
0196) Mean sputum T was virtually identical for 
TOBI 300 mg (mean=0.26 hr) and TOBI 30 mg (0.24hr) but 
was slightly less than T for TOBI 60 mg (0.38 hr) and 
TOBI 90 mg (0.33 hr). 
0.197 Mean sputum AUC was significantly greater 
after TOBI 300 mg (mean=1471.16 hrug/gm) than after 
TOBI 30 mg (360.79 hrug/gm. p-0.001) and TOBI 60 mg 
(804.78 hrug/gm. p-0.001) but not TOBI 90 mg (1275.23 
hrug/gm: p=0.465; 90% CIs for the ratio of TOBI 90 
mg/TOBI 300 mg AUCos=0.72, 1.14). The greater effi 
ciency of the Aerodose inhaler was also seen in dose 
normalized AUCs results (TOBI 300 mg with PARI LC 
PLUS=4.90 hrug?gml/mg; TOBI 30, 60, and 90 mg with 
Aerodose= 12.03, 13.41, and 14.17 hrug?gml/mg, respec 
tively). 
0198 No inferential analyses of sputum AUC were 
performed due to high variability that increased with 
increasing TOBI dose. 

0199 Serum tobramycin concentrations also increased 
with increasing TOBI dose at each time during the 8-hour 
posttreatment observation period. Mean Serum tobramycin 
concentrations reached their maximum at one hour after 
each treatment. By 4 hours after TOBI 30 mg and by 8 hours 
after TOBI 60 mg and TOBI 90 mg, serum concentrations 
were below LOO in at least half of the patients. More than 
half of the TOBI300 mg patients remained above the serum 
LOO at 8 hours posttreatment. 
0200 Mean Serum C, was significantly greater after 
TOBI 300 mg (mean=1.12 tug/mL) than after the other 3 
treatments (TOBI 30 mg=0.38 ug/mL, p<0.001; TOBI 60 
mg=0.69 ug/mL, p<0.001; TOBI 90 mg=0.96 ug/mL, 
p=0.027). The Aerodose inhaler was also more efficient than 
the PARI LCPLUS nebulizer based on serum C, results 
adjusted for TOBI dose administered (TOBI 300 mg with 
PARI LC PLUS: dose-normalized mean C=0.0037 (ug/ 
mL)/mg; TOBI 30, 60, and 90 mg with Aerodose=0.0127, 
0.0116, and 0.0106 (ug/mL)/mg, respectively. 
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0201 Mean serum T. was similar for the 4 treatments 
(mean=1.05 hr, 1.02 hr, 0.98 hr, and 1.14 hr for TOBI 300 
mg, 30 mg, 60 mg, and 90 mg, respectively). 
0202) Mean serum AUCs was significantly greater after 
TOBI 300 mg (mean=4.96 hrug/mL) than after TOBI 30 mg 
(1.43 hrug/mL, p<0.001) and TOBI 60 mg (2.98 hrug/mL, 
p<0.001) but not TOBI 90 mg (3.94 hrug/mL, p=0.165; 
90% CIs for the ratio of TOBI 90 mg/TOBI 300 mg 
AUCos=0.75, 1.03). The greater efficiency of the Aerodose 
inhaler was also seen in dose-normalized AUCs results 
(TOBI 300 mg with PARI LC PLUS=0.0166 hrug/mL/ 
mg; TOBI30, 60, and 90 mg with Aerodose=0.0478, 0.0496, 
and 0.0438 hrug/mL/mg, respectively). 

0203) Serum AUCo., was not analyzed statistically due 
to high variability but generally appeared to increase as the 
TOBI dose increased. 

0204 Recovery of tobramycin from the urine within 24 
hours after dosing increased with increasing TOBI dose 
during the study (expressed in mg mg=ug/1000, mean 
urine tobramycin recovery=18.1 mg, 5.6 mg, 9.8 mg, and 
14.6 mg after TOBI 300 mg, TOBI 30 mg, TOBI 60 mg, and 
TOBI 90 mg doses, respectively). Most of the tobramycin 
was recovered within the first 8 hours after dosing. Normal 
ized for dose, urine tobramycin recovery within 24 hours 
was 6.0%, 18.8%, 16.3%, and 16.2% of the administered 
TOBI 300 mg, TOBI 30 mg, TOBI 60 mg, and TOBI 90 mg 
doses, respectively. 

0205 Results of the present study showed that TOBI300 
mg delivered by the PARILC PLUS nebulizer (the control 
delivery system) and TOBI 30 mg, 60 mg, and 90 mg 
delivered by the Aerodose inhaler (the experimental delivery 
System) were safe and well-tolerated by male and female 
cystic fibrosis patients. Fifteen patients (9 male and 6 
female) experienced 24 instances of bronchospasm (decline 
in FEV (liters)>10%). There were no statistically signifi 
cant differences between control and any experimental treat 
ment in the incidence of bronchoSpasm. There were no 
overall treatment differences in quantitative change in FEV1 
from predose to 30-minute postdose measurement times. 
0206. The study found no evidence that CF patients were 
at increased risk by reason of inhaling single TOBI doses of 
30 mg, 60 mg or 90 mg compared to the single TOBI 300 
mg dose delivered by the PARI LCPLUS jet nebulizer. The 
most frequently reported treatment emergent adverse events 
(cough increased, rhinitis, sputum increased, chest pain, 
asthma, and headache) and the SAEs reported by 4 of the 
patients were primarily associated with patients underlying 
CF disease and related medical conditions. The incidence of 
these events before and after Study treatments was Substan 
tially similar, Suggesting that neither TOBI dose levels nor 
control and experimental inhalers altered ongoing Symp 
tomatology associated with patients underlying medical 
conditions. There were also no clinically significant Safety 
issues reflected in clinical laboratory test results, Vital signs, 
or physical findings. 

0207. In this example, the Aerodose inhaler substantially 
reduced the time required for nebulization of all three dose 
levels (30 mg, 60 mg, and 90 mg) of TOBI compared to the 
nebulization time for the approved TOBI 300 mg delivery 
system using the PARI LC PLUS jet nebulizer. Average 
nebulization times were 2.8, 5.4, and 8.0 minutes using the 
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Aerodose inhaler to deliver TOBI 30 mg, 60 mg, and 90 mg, 
respectively vs. 17.7 minutes using the PARI LC PLUS 
nebulizer to deliver TOBI 300 mg. The Aerodose inhaler 
therefore cut nebulization time of the TOBI 90 mg dose by 
more than 50% compared to the PARI LCPLUS nebulizer 
in the present study, and nebulization times for lower TOBI 
doses were reduced by even greater amounts. Present nebu 
lization time results in CF patients >12 years of age with 
baseline FEV1% predicted >40% were consistent with those 
obtained after single doses of TOBI 60 mg using the 
Aerodose inhaler (mean=5.7 minutes) but slightly less than 
TOBI 300 mg results using the PARI LC PLUS nebulizer 
(mean=20.4 minutes) in the TOBI gamma Scintigraphy 
Study of tobramycin deposition in the lungs of healthy adult 
male and female Volunteers of Example 2, infra. 
0208. This example demonstrates that TOBI 90 mg (but 
not TOBI 60 mg or TOBI 30 mg) delivered by the Aerodose 
inhaler achieved Similar actual pulmonary deposition, SyS 
temic absorption, and urinary recovery of tobramycin as that 
achieved by administration of the TOBI 300 mg dose 
delivered by the PARI LCPLUS nebulizer. Normalized for 
TOBI dose, the Aerodose inhaler was substantially more 
efficient than the PARI LC PLUS nebulizer in the delivery 
of aeroSolized tobramycin to the lungs and to the Systemic 
circulation. 

0209 Pulmonary deposition of tobramycin was measured 
by determination of Sputum tobramycin concentrations and 
by calculation of Sputum pharmacokinetic parameters. 
Maximum sputum tobramycin concentrations were reached 
by 10 minutes after administration of each treatment, and 
concentrations were below the LOO in half or more of the 
patients at 2 hours after TOBI 30 mg and at 8 hours after 
TOBI 60 mg, 90 mg, and 300 mg. The extent of pulmonary 
deposition of tobramycin, as measured by maximum sputum 
concentrations and Sputum AUCs results, increased with 
increasing TOBI dose through 90 mg, but TOBI 90 mg and 
TOBI 300 mg did not differ statistically (mean sputum 
C=958.00 and 985.65 lug/gm; mean Sputum AUCos= 
1275.23 and 1471.16 hrug/gm, respectively). Meansputum 
C, results after TOBI 30 mg and 60 mg doses were 
significantly less than that of the TOBI 300 mg dose. Present 
sputum C, results achieved after the single TOBI 300 mg 
dose were slightly leSS than Sputum tobrarnycin concentra 
tions achieved 10 minutes after a single TOBI 300 mg dose 
(mean Sputum tobramycin concentration=1237 ug/gm, 
median=1090 ug/gm) in two large previously conducted 
Phase III pivotal trials. 
0210. The results of this example demonstrate that at 
least one of the three TOBI doses (TOBI 90 mg) delivered 
by the experimental Aerodose inhaler achieved similar 
actual sputum tobramycin concentrations and that these 
results in turn were similar to Sputum results obtained in the 
prior pivotal Studies Supporting the commercial TOBI prod 
uct. It is also important that present Sputum results demon 
Strated that the experimental Aerodose inhaler was Substan 
tially more efficient, regardless of TOBI dose, in delivery of 
aerosolized tobramycin to the lung than the PARILC PLUS 
jet nebulizer. Dose-normalized sputum C was 10.97, 
9.63, and 10.64 (ug/gm)/mg for TOBI 30 mg, 60 mg, and 90 
mg delivered by Aerodose inhaler, respectively, compared to 
3.29 (ug/gm)/mg for TOBI 300 mg delivered by PARI LC 
PLUS. Similarly, dose-normalized sputum AUC was 
12.03, 13.41, and 14.17 hrug?gml/mg for TOBI 30 mg, 60 
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mg, and 90 mg delivered by Aerodose inhaler, respectively, 
compared to 4.90hrug?gml/mg for TOBI300 mg delivered 
by PARI LCPLUS. 
0211 Systemic absorption of tobramycin was measured 
by determination of Serum tobramycin concentrations and 
by calculation of Serum pharmacokinetic parameters. Maxi 
mum Serum tobramycin concentrations were reached at one 
hour after each of the four TOBI treatments, and concen 
trations were below LOO in half or more of the patients by 
4 hours after TOBI 30 mg and by 8 hours after TOBI 60 mg 
and 90 mg. More than half of the patients at TOBI 300 mg 
had measurable Serum tobramycin at 8 hours postdose. The 
extent of absorption of tobramycin, as measured by Serum 
C. results, increased with increasing TOBI dose, as Cas 
was significantly greater after TOBI 300 mg (mean=1.12 
ug/mL) than after each of the lower TOBI doses (mean= 
0.38, 0.69, and 0.96 ug/mL for TOBI 30 mg, 60 mg, and 90 
mg doses, respectively). Serum C. for TOBI300 mg in the 
present study was slightly higher (mean tSD=1.10+0.44 
Aug/mL with a mean T of 1.05 hr) than the mean Serum 
tobramycin concentration reported at one hour after TOBI 
300 mg in the TOBI NDA (0.95+0.50 tug/mL). Serum C. 
achieved by the Aerodose inhaler at the TOBI 90 mg dose 
level in the current study was virtually identical to the NDA 
serum concentrations one hour after TOBI 300 mg (mean= 
0.96+0.37 ug/mL), although it was significantly (p=0.027) 
less than the current TOBI 300 mg. 
0212. Thus, present serum tobramycin results demon 
strated that TOBI 90 mg delivered by the Aerodose inhaler 
were similar (AUCs) or nearly similar (C) to those 
obtained after TOBI 300 mg delivered by the PARI LC 
PLUS nebulizer in the present study and in the prior pivotal 
studies supporting the TOBI commercial product. Present 
Serum results also demonstrated that the experimental Aero 
dose inhaler was Substantially more efficient, regardless of 
TOBI dose, in delivery of aerosolized tobramycin to the 
systemic circulation than the PARI LC PLUS jet nebulizer. 
Dose-normalized serum C, was 0.0127, 0.0116, and 
0.0106 (ug/mL)/mg for TOBI 30 mg, 60 mg, and 90 mg 
delivered by Aerodose inhaler, respectively, compared to 
0.0037 (ug/mL)/mg for TOBI 300 mg delivered by PARILC 
PLUS. Similarly, dose-normalized serum AUC was 
0.0478, 0.0496, and 0.0438hrug/mL/mg for TOBI 30 mg, 
60 mg, and 90 mg delivered by Aerodose inhaler, respec 
tively, compared to 0.0166 hrug/mL/mg for TOBI 300 mg 
delivered by PARI LC PLUS. The greater efficiency of the 
Aerodose inhaler observed in present Serum tobramycin 
results is consistent with greater efficiency and less wastage 
of the tobramycin dose observed in earlier studies. 
0213 Urinary recovery of tobramycin was measured by 
determining the cumulative amount of tobramycin recov 
ered in urine collected for 24 hours after dosing. The amount 
of urinary tobramycin recovered within 24 hours postdose 
increased with increasing TOBI dose (expressed in mg 
mg=ug/1000, mean urine tobramycin recovery=5.6 mg, 
9.8 mg, 14.6 mg, and 18.1 mg tobramycin after TOBI 30 mg, 
60 mg, 90 mg, and 300 mg). The results were not tested 
Statistically, and it was not possible to determine whether 
TOBI 90 mg and TOBI 300 mg results for 24-hour recovery 
of urine tobramycin were similar or different. 

0214) Normalized for dose by dividing the mean amount 
of tobramycin recovered by the nominal amount of TOBI 
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administered, urinary recovery of tobramycin was approxi 
mately 18.8%, 16.3%, 16.2%, and 6.0% of the administered 
TOBI 30 mg, 60 mg, 90 mg, and 300 mg doses, respectively. 
0215. During the study, measurable tobramycin (i.e., 
above the lower limit of quantifiability LOQ of the assay) 
was detected in 12-hour predose urine collections in a total 
of 10 patients, including 5 patients before the first dose of 
Study treatments in period one and all 10 patients before the 
second or third doses in periods 2 and 3 or both. Similarly, 
measurable tobramycin was detected in predose Serum 
Specimens in a total of 5 patients, including 3 patients before 
the first dose of Study treatments in period one and 4 patients 
before dosing in periods 2, or 3, or both. A Single patient had 
measurable tobramycin in both urine and Serum. 
0216) Substantial variability is known to occur among 
patients in the rate and extent of uptake, renal accumulation, 
and elimination of aminoglycoside antibiotics, even in 
patients with normal renal function. Each of these factors 
may lengthen the amount of time that measurable concen 
trations of aminoglycoside antibiotics may be detected in 
Serum and urine. The present Study employed a preStudy 
washout interval of 7 days from previous prescription ami 
noglycoside antibiotic use and a 7-day interval between the 
3 Single doses of TOBI, an aminoglycoside antibiotic, during 
the croSSOver treatment periods. It is plausible that preStudy 
and on-study washout intervals in the Study may have been 
too short for complete elimination of residual tobramycin 
previously administered, if any. Measurable amounts of 
tobramycin for these patients would have had little effect on 
Study results, since the amounts and concentrations detected 
were very Small in nearly all cases, and no unusually high 
Serum or urine tobramycin results were noted during the 
Study. 

0217. The Aerodose inhaler was a safe and efficient 
aerosolization and delivery device for TOBI during the 
Study. 

Example 2 

Scintigraphy Study 

0218. In order to assess the in vivo lung deposition of 300 
mg tobramycin (TOBIOR) inhaled using the PARI LC 
PLUSTM jet nebulizer/DeVilbiss PulmoAide(R) compressor 
delivery System (current commercial delivery System) com 
pared with the deposition of 60 mg tobramycin (TOBIOR) 
using the AeroDose"Minhaler in accordance with the present 
invention, a gamma Scintigraphy Study was performed. The 
imaging technique of gamma Scintigraphy is a well-estab 
lished method'' that provides precise quantification of 
drug delivered to the lungs'. It also provides an assessment 
of the distribution of deposited drug in different lung regions 
(peripheral, intermediate and central lung regions corre 
sponding to Small airways, medium sized airways and large 
airways, respectively'"). Gamma Scintigraphy is the only 
non-invasive method currently available for obtaining this 
type of information. 
0219. The study of this example was designed as an open 
label, randomized, Single center, Single dose, two period 
crossover Phase I study of aerosol delivery characteristics 
and safety of two inhalation devices in healthy adult vol 
unteers. A maximum of 14 healthy male or non-pregnant, 
non breast-feeding female Volunteers aged 18 to 65 years of 
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age were to receive in random order two Single doses of 
aeroSolized antibiotic mixed with a sterile radiotracer (tech 
netium bound to diethylenetriaminepentaacetic acid: "Tc 
DTPA) separated by a washout interval of a minimum of 44 
hours between doses. Radiolabeled aerosols consisted of a 
single 300 mg dose in a 5 mL solution of TOBI delivered by 
the control delivery system (PARI LC PLUS jet nebulizer 
with a PulmoAide compressor) and a single 60 mg dose in 
a 1 mL solution of TOBI delivered by the experimental 
delivery System (Aerodose inhaler). 
0220 Aerosol delivery characteristics of control and 
experimental delivery Systems were compared on the basis 
of lung deposition of radiolabeled tobramycin determined by 
gamma Scintigraphy, time to complete nebulization of aero 
Solized doses, Serum concentrations of tobrarnycin deter 
mined by Abbott TDXFLX assays, and serum tobramycin 
pharmacokinetic parameters. 

0221) The safety of control and experimental TOBI deliv 
ery Systems was compared on the basis of changes in 
pulmonary function, the incidence of treatment emergent 
adverse events, and the occurrence of clinically significant 
laboratory and clinical evaluations and of unusually high 
Serum tobramycin concentrations. 
0222. The duration of study participation for each subject 
was to be approximately five weeks including a Screening 
period of up to 3 weeks in duration, two treatment periods 
of approximately 9 hours each Separated by a minimum 
44-hour washout interval, and a follow-up period through 2 
weeks after the end of dosing. 
0223) Treatments 
0224 TOBIOR was administered by inhalation as a single 
300 mg dose and as a Single 60 mg dose to each Subject 
during the Study. The 300 mg dose was Supplied as a 
commercial ampoule of TOBI. The 60 mg dose of tobra 
mycin Solution was prepared by Study Site perSonnel by 
withdrawing 1.0 mL of Solution from the 300 mg/5 mL 
commercial ampoule of TOBI into two unit dose syringes 
containing 0.5 mL each. 

0225) Sterile '"Te DTPA was added as a radiotracer to 
both 300 mg and 60 mg Solutions at the study site prior to 
instillation into the nebulizer. Sufficient '"Te DTPA was 
added to both the 300 mg and the 60 mg dose so that no more 
than 10 MBq'"Te DTPA was delivered to the subject with 
each Single dose administered. 
0226. Using control and experimental aerosol delivery 
Systems, each Subject was to Self-administer two Single 
aerosolized doses of radiolabeled ("Te DTPA) TOBI, one 
dose in each of two croSSOver treatment periods, according 
to the randomization Scheme for the Study. Subjects were 
instructed to use nose clipS and breathe in a normal breathing 
pattern while inhaling the medication according to the 
instructions for use for each inhaler. 

0227 Control and experimental treatment delivery sys 
tems were Specified as follows. 
0228 Control Treatment Delivery System: PARI LC 
PLUS jet nebulizer with DeVilbiss Pulmo Aide compressor 
delivering 300 mg (5 mL) of TOBI. 
0229 Experimental Treatment Delivery System: Aero 
dose inhaler delivering 60 mg (1 mL) of TOBI. 
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0230. When the PARI LC PLUS nebulizer was used, 5 
mL radiolabeled TOBI was added to the drug reservoir and 
nebulized without interruption until the nebulizer reservoir 
was dry. The PARI system was configured such that exha 
lation by the Subject did not result in escape of radioactive 
aeroSol into the Surrounding atmosphere. Exhaled droplets 
were collected using a filter attached to the Side of the 
inhaler by a T-piece. In addition, a Scavenger filter was 
placed above the inhaler, which was in turn connected to a 
Vacuum pump. The Scavenger System was used to collect 
any radiolabeled droplets escaping from the inhaler. 
0231 When the Aerodose inhaler was used, one 0.5 mL 
aliquot of radiolabeled TOBI was added to the drug reservoir 
and nebulized to dryness. A second 0.5 mL dose was then 
added to the reservoir and nebulized to dryness. The inhaler 
was Surrounded with an exhaled air collection box. Air was 
drawn through a filter at the back of the box using a vacuum 
pump. 

0232 Start and stop times of nebulization for both the 
Aerodose and PARI LC PLUS nebulizers were to be 
recorded in CRFs. Nebulization time for the Aerodose 
inhaler was not to include the time needed to refill the drug 
reservoir according to the protocol. 
0233 Enrolled volunteers were randomly assigned to two 
treatment Sequence groups as illustrated below according to 
a randomization Scheme. 

0234 PARI 300 mg/Aerodose 60 mg: 
0235 period 1: PARI LCPLUS with TOBI 300 mg 
0236 period 2: Aerodose with TOBI 60 mg 

0237 Aerodose 60 mg/PARI 300 mg: 
0238 period 1: Aerodose with TOBI 60 mg period 
2: PARI LCPLUS with TOBI 300 mg 

0239 All subjects randomly assigned to a single treat 
ment Sequence group received control and experimental 
treatments in the same order during the Study, while Subjects 
assigned to the other treatment Sequence group received 
treatments in the reverse order. Table 11 below shows the 
two Sequences of treatment administration employed during 
the Study via the randomization process. 

TABLE 11 

TREATMENT SEOUENCE GROUPS AND SEOUENCE OF 
TREATMENTS IN THE STUDY 

Treatment Sequence 
Group' Treatment Period 1 Treatment Period 2 

C-E2 C E 
E-C E C 

"Subjects were randomly assigned to the two treatment sequence groups. 
°C and E refer to control and experimental treatments administered during 
the study as follows: 
C = PARI LC PLUS jet nebulizer (60 mg/mL: 300 mg in 5 mL) 
E = Aerodose inhaler (60 mg/mL: 60 mg in 1.0 mL) 

0240 Before dosing, TOBI formulations were radiola 
beled with '"Te-DTPA in preparation for gamma scintig 
raphy to determine posttreatment tobramycin deposition in 
the lungs. Subjects practiced the inhalation procedure with 
both control and experimental devices filled with normal 
saline. When the investigator was satisfied that the subject 



US 2003/0143162 A1 

could reproducibly perform the correct inhalation technique, 
the inhaler was filled with the radiolabeled formulation, and 
the subject inhaled the radiolabeled dose until the nebulizer 
was dry and nebulization was Stopped. 
0241. Immediately following inhalation of radiolabeled, 
aeroSolized tobramycin, Scintigraphic images were recorded 
to determine radioactivity associated with lung and oropha 
ryngeal tobramycin deposition and with external items. Such 
as nebulizer parts, mouthpieces, filters, and tissues used by 
Subjects. If not previously done within the last 5 years, a 
posterior lung ventilation Scan was also performed during 
the Study after Subjects inhaled the radioactive inert gas 
"Kr to determine the lung outlines and facilitate the 

determination of regional deposition of radiolabeled tobra 
mycin. 
0242. Deposition of Tobramycin 
0243 ASSessment and comparison of tobramycin depo 
sition patterns between PARI LC PLUS and Aerodose 
delivery Systems was a primary objective of the Study. 
Deposition patterns of inhaled, radiolabeled tobramycin 
were determined using Scintigraphic imaging methodology. 
Lung, oropharyngeal, and (if necessary) abdominal radio 
activity was measured from images obtained immediately 
after inhalation of each Single dose of radiolabeled tobra 
mycin using a gamma camera (General Electric Maxicam 
era) with a 40 cm field of view and fitted with a low energy 
parallel hole collimator. Images were obtained as described 
below: 

0244 posterior view of the chest; 
0245 anterior view of the chest; 
0246 right lateral view of the oropharynx; 
0247 anterior and posterior abdominal views if nec 
essary, i.e., if activity had spread through the intes 
tine, beyond the field of view in either of the chest 
images, 

0248 items external to the body of the subject as 
follows: 

0249 for the PARI LC PLUS system: 
0250) nebulizer cup 
0251 mouthpiece 
0252 exhalation filter and T-piece 
0253) scavenger filter 
0254 any tissues used by the subject 

0255 for the Aerodose system: 
0256 Aerodose inhaler 
0257) 
0258 

0259. Additionally, a posterior lung ventilation scan was 
performed using the radioactive inert gas, krypton ("Kr), 
to determine the lung outlines. The lung outlines were used 
to divide lung images of each Subject into central, interme 
diate, and peripheral lung Zones in order to determine the 
amount of aeroSolized tobramycin deposited in each of these 
Zones''. Lung ventilation scans taken for Subjects who 
participated in earlier Studies were acceptable for use for this 

exhaled air containment box and filter 

any tissues used by the Volunteer 
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study provided the scan was obtained within the last five 
years and the Subject had no record of Serious lung disease 
in the intervening period. 
0260 Deposition zones of interest on Scintigraphic 
images were additionally drawn around the oropharynx, 
esophagus, and stomach (including any activity in the Small 
intestine). The counts obtained within all regions of interest 
were corrected for background radioactivity, radioactive 
decay, and for tissue attenuation'. In regions where both 
anterior and posterior images were recorded, the geometric 
mean of counts in both images was calculated prior to 
correction for tissue attenuation. Determination of the per 
centage of the dose deposited in the oropharynx included 
activity adhering to the mouth and oropharynx together with 
any Swallowed activity detected in the esophagus, Stomach, 
and intestine. 

0261 All images were recorded using Micas X plus 
Software installed on a UNIX based computer system. 
Images were stored on digital audio tape (DAT) for Subse 
quent analysis and archiving. Scintigraphic data were ana 
lyzed by Pharmaceutical Profiles Ltd. (PPL) in accordance 
with the PPL Standard Operating Procedure N 1013 “Lung 
Quantitative Data Analysis”. The data were summarized to 
obtain the following parameters: 

0262 whole lung deposition (% of metered dose); 
0263 central lung Zone deposition (% of metered 
dose); 

0264 intermediate lung Zone deposition (% of 
metered dose); 

0265 peripheral lung Zone deposition (% of metered 
dose); 

0266 ratio of peripheral to central Zone deposition 
(lung penetration index); 

0267 oropharyngeal deposition (including esopha 
gus and stomach) (% of metered dose); 

0268 inhaler deposition (PARI LC PLUS or Aero 
Dose) (% of metered dose); 

0269 radioaerosol in exhaled air (filters) (% of 
metered dose); 

0270 radioaerosol on PARI LCPLUS mouthpiece, 
T-piece, Scavenger filter and Subject tissues (% of 
metered dose); 

0271 radioaerosol on Aerodose exhaled air collec 
tion box and subject tissues (% of metered dose). 

0272. The counts in each area were expressed as a 
percentage of the metered dose that was determined from the 
Sum of the total body counts in addition to those deposited 
on the inhaler and the exhalation filter. Since the volume of 
TOBI placed into each of the two inhalers was different, 
direct comparisons of the percentage deposition values was 
problematic. To aid interpretation of the data, the percentage 
deposition values were multiplied by the nominal metered 
dose (300 mg for the PARI LC PLUS and 60 mg for the 
Aerodose inhaler) to obtain amounts of drug deposited in 
milligrams for each of the deposition parameters listed 
above. 
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0273 Nebulization Time 
0274 Assessment and comparison of nebulization time 
between PARI LC PLUS and Aerodose delivery systems 
was another objective of the study. Elapsed time from the 
start of nebulization (defined as the subject's first tidal 
breath after the inhaler was in place) until no more TOBI 
Solution was aeroSolized by the inhaler was measured by 
Staff at the site using a stopwatch. Nebulization time was not 
to include time needed for instillation of drug into the 
nebulizer between the repeat filling of the Aerodose inhaler. 
The length of any interruption in nebulization and the reason 
for interruption were recorded. 
0275 Serum tobramycin concentrations were determined 
for the present Study, and pharmacokinetic parameters were 
calculated, to provide preliminary estimates of the bioavail 
ability of 60 mg TOBI delivered by the Aerodose system in 
comparison with that of the marketed 300 mg TOBI formu 
lation. Additionally, unusually high Serum tobramycin 
results (24 ug/mL) were considered an important measure 
of Safety during the Study. 

0276 Venous blood samples (8 mL) for the determination 
of Serum tobramycin concentrations were collected by intra 
venous cannula or by Venipuncture before each Single dose 
of TOBI and at 30 minutes and 1, 2, 4, and 8 hours after 
completion of dosing. The first one mL of blood withdrawn 
from the cannula was discarded, and the Subsequent 7 mL 
was withdrawn into Serum Sampling tubes. Cannulae were 
frequently flushed with Saline during the course of the 
treatment day. 
0277 Blood samples were centrifuged at approximately 
1600 g for 10 minutes at 4 C. The resulting serum fraction 
was split into two aliquots by pipetting into two prelabeled 
polypropylene Screw cap tubes. Tubes were Stored at -20 
C. for each study period and were then transferred to a -70 
C. freezer. 

0278 The maximum tobramycin concentration (C) 
and the time to reach C(T) were the observed values. 
The elimination rate constant (k: used to calculate AUC.; 
See next paragraph) was calculated as the negative slope of 
the log plasma concentration vs. time plot using the last two 
measurable concentrations. Use of more than two concen 
trations at or after T is preferred for calculation of the 
elimination rate constant; however, Several Subjects had only 
two measurable tobramycin concentrations at the terminal 
phase after TOBI 60 mg using the Aerodose inhaler. The 
alternate method of calculating k, using the last two mea 
Surable concentrations was employed for all Subjects for 
both period 1 and period 2. 

0279 Area under the curve through 8 hours postdose 
(AUCos) and extrapolated to infinity (AUCo.) were cal 
culated for Serum tobramycin concentrations using the linear 
trapezoid rule. Actual nebulization time was added to the 
time between predose and 30 minutes after the end of 
inhalation when calculating AUCs. AUC was extrapo 
lated from the last measurable concentration to infinite time 
by adding the quantity equal to the last measurable concen 
tration divided by the elimination rate constant (k). 
0280 Statistical Methods Planned in the Protocol 
0281 Scintigraphic data were analyzed in accordance 
with the current version of the PPL Standard Operating 
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Procedure N 1013 “Lung Quantitative Data Analysis”. 
Manipulation and calculation of radioactivity counts were 
accomplished using a custom written region of interest 
program, where regions of interest were central, intermedi 
ate, peripheral, and Stomach/intestines if necessary. Numeri 
cal data were downloaded automatically from the Park 
Medical computer into a customized spreadsheet. 
0282. Due to the small number of Subjects in the study, 
Statistical analysis was performed only on whole lung depo 
Sition data and on Selected pharmacokinetic parameters. All 
other Study data were Summarized descriptively. Descriptive 
Summaries for quantitative data included Sample size, mean, 
Standard deviation, median, minimum, maximum, and/or 
range values as appropriate. Descriptive Summaries for 
qualitative or categorical data included number and percent 
of Subjects with the characteristic. All clinical data manipu 
lations, analyses, Summaries, and transformations employed 
SAS version 6.12’’. 

0283 Aerosol Delivery Analyses 
0284 Whole lung deposition was the primary endpoint 
for the analysis. The Wilcoxon one-Sample, matched-pairs, 
signed rankS test was used to determine whether differences 
between the whole lung deposition patterns (percent and 
amount of metered dose deposited) for the two inhalers were 
Significant. The Significance level was Set at C=0.05. 
0285) Serum pharmacokinetic parameters (C, AUC 

s, and AUCo.) were analyzed for differences between 
delivery Systems using a repeated measures analysis of 
variance. The Statistical model included Study period and 
delivery Systems as fixed effects and Subject as the random 
effect. The carryover effect from treatment period 1 to 2 was 
also investigated. The Significance level was set at C=0.05, 
and tests of Significance were two-sided. 
0286 Additional deposition measures of interest, nebu 
lization time, Serum tobramycin concentrations and phar 
macokinetic parameters were Summarized and evaluated 
descriptively for apparent differences between aerosol deliv 
ery Systems. 

0287 Study Drug Administration 
0288 All subjects were successfully dosed according to 
the randomization Schedule for the Study, and all Subjects 
received and completed both inhalation administrations. All 
subjects received single doses of TOBI 300 mg and TOBI 60 
mg during the Study. 
0289. Deposition of Radiolabeled Tobramycin 
0290 Tobramycin deposition results indicated that the 
Aerodose system was more efficient than the PARI LC 
PLUS system. The Aerodose system with TOBI 60 mg 
delivered a greater percentage of the dose to the lungs (mean 
+SD=34.8+10.1%) than the PARI system with TOBI300 mg 
(8.2+3.6%), and the difference was statistically significant 
(p=0.005) (see Table 12 below). Results from the analysis 
(n=9) that excluded data from one patient were similar 
(means=35.4% vs. 9.1% for Aerodose and PARI systems, 
respectively; p=0.008). 
0291. The actual amount of drug delivered to the lungs 
(Table 13 below) was slightly but not significantly less 
(p=0.202) using the Aerodose inhaler (20.9+6.0 mg) than 
using the PARI inhaler (24.5+10.7 mg). Excluding subject 
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1007, the analysis showed significantly less (p=0.04) depo 
sition of the Aerodose 60 mg dose (21.2 mg) than the PARI 
300 mg dose (27.2 mg). 
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TABLE 12 

MEAN (SD) PERCENTAGE DEPOSITION OF THE METERED 
TOBDOSE 

Intent to Treat Excluding Subject 1007 
n = 10 n = 9 

TOBI TOBI 
300 mg TOBI 300 mg TOBI 

Zone of PARILC 60 mg PARILC 60 mg 
Deposition PLUS AeroDose PLUS AeroDose p-value * 

Whole lung 8.2 (3.6)* 34.8 (10.1)* 9.1 (2.2) 35.4 (10.5) 0.005 

central 2.4 (1.2) 10.1 (4.0) 2.7 (0.9) 10.2 (4.2) 
intermediate 2.7 (1.2) 11.6 (3.6) 3.0 (0.8) 11.8 (3.7) 
peripheral 3.1 (1.3) 13.2 (3.4) 3.5 (0.7) 13.4 (3.5) 
ratio: peripheral/central 1.2 (0.5) 1.4 (0.4) 1.4 (0.3) 1.4 (0.4) 
Oropharynx (including 14.4 (6.7) 31.5 (11.6) 16.0 (4.7) 31.5 (12.3) 
esophagus and stomach) 
Inhaler 42.6 (6.7) 15.2 (8.4) 43.5 (6.4) 15.1 (8.9) 
Exhalation filter 31.6 (10.9) 16.9 (5.6) 28.3 (2.7) 16.3 (5.6) 
PARI-specific: 

mouthpiece 1.0 (0.5) 1.0 (0.5) 
T-piece 2.0 (0.6) 2.0 (0.5) 
tissue 0.0 (0.1) 0.0 (0.1) 
scavenger filter 0.1 (0.1) 0.1 (0.1) 
AeroDose-specific: 

box 1.7 (1.5) 1.6 (1.6) 
tissue 0.0 (0.1) 0.0 (0.1) 

*Wilcoxon matched-pairs signed ranks test on intent to treat dataset. Excluding Subject 1007: p = 
0.008. Statistical significance: p is 0.05. 

0292. The Aerodose inhaler deposited proportionally 
more (Table 12 above) tobramycin in the lungs than in the 
oropharynx (mean 34.8% vs. 31.5% of the 60 mg dose), 
while the PARI LC PLUS nebulizer deposited less tobra 
mycin in the lungs than in the oropharynx (mean 8.2% vs. 
14.4% of the 300 mg dose). The ratio of lung to oropha 
ryngeal deposition (whole lung deposition divided by 
oropharynx deposition in Table 12 above) was approxi 
mately 1.1 for the Aerodose inhaler compared to approxi 
mately 0.6 for the PARI LC PLUS nebulizer. 

0293 Regional deposition within the lung was predomi 
nantly peripheral and very similar for both inhalers (ratio of 
radioactivity in peripheral to central Zones: AerodoSe= 
14+0.4; PARI LCPLUS=1.2+0.5). 
0294 Substantially less tobramycin was deposited on the 
Aerodose inhaler (15.2+8.4%; 9.1+5.1 mg-Tables 4 and 5, 
respectively) and exhalation filter (16.9+5.6%; 10.1+3.3 
mg) than on the PARI LC PLUS nebulizer (42.6+6.7%; 
127.8+20.0 mg) and filter (31.6+10.9%; 94.8+32.7 mg). No 
more than 2% of the metered dose was deposited on inhaler 
Specific Surfaces or tissue paper used by Subjects. 

TABLE 13 

MEAN (SD) AMOUNT (MG) OF DEPOSITION OF THE 

Zone of 
Deposition 

Whole lung 

central 
intermediate 
peripheral 

METERED TOBI DOSE 

Intent to Treat Excluding Subject 1007 
n = 10 n = 9 

TOBI 300 mg TOBI 300 mg 
PARILC TOBI 60 mg PARILC TOBI 60 mg 
PLUS AeroDose PLUS AeroDose p-value * 

245 (10.7)* 20.9 (6.0)* 27.2 (6.7) 21.2 (6.3) O.2O2 

7.3 (3.6) 6.0 (2.4) 8.0 (2.8) 6.1 (2.5) 
8.0 (3.7) 6.9 (2.1) 8.9 (2.5) 7.1 (2.2) 
9.3 (3.8) 7.9 (2.1) 10.4 (2.0) 8.1 (2.1) 
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MEAN (SD) AMOUNT (MG) OF DEPOSITION OF THE 
METERED TOBI DOSE 

Intent to Treat Excluding Subject 1007 

TOBI 300 mg TOBI 300 mg 
Zone of PARILC TOBI 60 mg PARILC TOBI 60 mg 
Deposition PLUS AeroDose PLUS AeroDose p-value * 

Oropharynx (including 43.3 (20.2) 18.9 (6.9) 48.1 (14.0) 18.9 (7.4) 
esophagus and stomach) 
Inhaler 127.8 (20.0) 9.1 (5.1) 130.5 (19.2) 9.0 (5.4) 
Exhalation filter 94.8 (32.7) 10.1 (3.3) 84.8 (8.1) 9.8 (3.4) 
PARI-specific: 

mouthpiece 3.0 (1.4) 3.1 (1.5) 
T-piece 6.1 (1.7) 5.9 (1.6) 
tissue 0.1 (0.2) 0.1 (0.2) 
scavenger filter 0.4 (0.4) 0.4 (0.4) 
AeroDose-specific: 

box 1.0 (0.9) 1.0 (0.9) 
tissue 0.0 (0.1) 0.0 (0.1) 

*Wilcoxon matched-pairs signed ranks test on intent to treat dataset. Excluding Subject 1007: p = 0.04. 
Statistical significance: p is 0.05. 

0295) Nebulization Time 
0296) The nebulization time (i.e., time required from first 
tidal breath until the nebulizer ran dry) was significantly 
shorter (p=0.005) for the Aerodose delivery system (mean 
+SD=5.70+1.16 minutes) than for the PARI LC PLUS 
system (20.40+3.47 minutes) (Table 14 below). 

TABLE 1.4 

MEAN (SD) NEBULIZATION TIME 

Intent to Treat 
n = 10 

Nebulization Time TOBI 300 mg TOBI 60 mg 
Parameter PARLC PLUS AeroDose p-value 

Nebulization 
Time (minutes): 

Mean 20.40 5.70 O.OOS 
SD 3.47 1.16 
Minimum 17.0 4.0 
Maximum 29.0 8.0 
no. Subjects 1O 1O 

0297 Serum Tobramycin Concentrations and Pharmaco 
kinetic Parameters 

0298 Administration of TOBI 300 mg using the PARI 
LC PLUS delivery system produced higher mean serum 
tobramycin concentrations, a higher mean C, and a 
greater AUCos, than administration of TOBI 60 mg using 
the Aerodose delivery System. The mean time to maximum 
tobramycin concentration (T) was similar for the two 
delivery Systems. 
0299 Serum tobramycin concentrations for all subjects 
were below quantifiable limits before dosing in both period 
1 and period 2. FIGS. 1 through 20 graphically illustrate 
Serum tobramycin concentrations before and after period 1 
and period 2 dosing for all individual Subjects. 

0300. After dosing, two subjects had serum tobramycin 
concentrations that could not be measured (i.e., results were 
below the quantifiable limit of 0.20 tug/mL) during one of the 
two treatment periods. These two Subjects were inevaluable 
for pharmacokinetic analysis during the period indicated but 
provided evaluable results for the alternate period. 
0301 Consistent with the high efficiency of the Aerodose 
System, mean Serum tobramycin concentrations were 
Slightly lower throughout the 8-hour postdose observation 
period after delivery of TOBI 60 mg using the Aerodose 
system than after delivery of TOBI 300 mg using the PARI 
LC PLUS system (Table 15 below). Maximum plasma 
concentrations for both regimens were reached within 2 
hours after the end of inhalation (TOBI 300 mg and PARI 
inhaler: 1 hr and 2 hr means=0.63 ug/mL, TOBI 60 mg and 
Aerodose inhaler: 2 hr mean=0.48 ug/mL). By 8 hours after 
the end of inhalation, the plasma concentrations were below 
the limit of quantitation in 5 Subjects after the Aerodose 
inhaler and in two subjects after the PARI LC PLUS 
nebulizer. 

TABLE 1.5 

SERUMTOBRAMYCIN CONCENTRATIONS AND 
PHARMACOKINETIC PARAMETERS 

Intent to Treat 
n = 10 

TOBI 300 mg TOBI 60 mg 
Parameter PARI LC PLUS AeroDose 

Serum Tobramycin (ug/mL): 
Time Before and After Dosing: 

Predose 0.00 (0.00) 9 0.00 (0.00) 9 
30 minutes 0.42 (0.24) 9 0.22 (0.23) 9 
1 hour 0.63 (0.29) 9 0.41 (0.22) 9 
2 hours 0.63 (0.25) 9 0.48 (0.2O)9 
4 hours 0.50 (0.16) 9 0.38 (0.10) 9 
8 hours 0.22 (0.14) 9 0.13 (0.12) 9 
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TABLE 15-continued 

SERUMTOBRAMYCIN CONCENTRATIONS AND 
PHARMACOKINETIC PARAMETERS 

Intent to Treat 
n = 10 

TOBI 300 mg 
PARILC PLUS 

TOBI 60 mg 
Parameter AeroDose 

Pharmacokinetic Parameters: 

Cmax (ig/mL) 0.677 (0.279) 9 0.482 (0.201) 9 
Tmax (hr) 2.213 (0.923) 9 2.207 (0.788) 9 
Tya (hr) 4.269 (1.058) 9 6.071 (3.357) 9 
AUCos(ug/mL hr) 
AUCo (ug/mL hr) 
Pharmacokinetic Parameters 
Normalized to Dose: 

3.622 (1.319) 9 
5.273 (1.699) 9 

2.553 (0.989) 9 
4.630 (0.967) 9 

0.002 (0.001) 9 
0.012 (0.004) 9 
0.018 (0.006) 9 

0.008 (0.003) 9 
0.043 (0.016) 9 
0.077 (0.016) 9 

Cmax (ug/mL)/mg 
AUCos(ug/mL hr)/mg 
AUCo (ug/mL hr)/mg 

*Cell entries are mean, (SD), no. of subjects. 
TOBI 300 mg summary statistics exclude BQL results for Subject 1007 
throughout period 2. 
TOB 60 mg summary statistics exclude BQL results for Subject 1006 
throughout period 1. 

0302) Pharmacokinetic Results 
0303. The mean of the maximum tobramycin concentra 
tions for all Subjects (C in Table 15 above) was greater 
after TOBI 300 mg delivered by the PARI LCPLUS system 
(mean tSD=0.677+0.279 ug/mL) than after TOBI 60 mg 
delivered by the Aerodose system (0.482+0.201 ug/mL). 
This mean difference in log C was statistically significant 
(p=0.0018), and there was no evidence to Suggest the 
presence of a carryover effect in C (p=0.6400). The 
Aerodose inhaler was more efficient than the PARI LC 
PLUS nebulizer based on C, results adjusted for TOBI 
dose administered (TOBI 300 mg with PARI LC PLUS= 
0.002+0.001 (ug/mL)/mg; TOBI 60 mg with Aerodose= 
0.008+0.003 (ug/mL)/mg). 
0304. The time to maximum tobramycin concentrations 
(T) was virtually identical for the two delivery Systems 
(mean=2.213 hours for PARI LCPLUS and 2.207 hours for 
Aerodose Systems in Table 15 above). T results in the 
present Study were consistent with observations in a previ 
ous study' that peak serum tobramycin concentrations 
occurred at 1 to 2 hours after inhalation. 

0305) The mean elimination half-life (T,) was 4.269 
hours for the PARI LCPLUS system and 6.071 hours for the 
Aerodose system (Table 7). 
0306 The mean area under the serum concentration-time 
curve through 8 hours postdose (AUCos) was significantly 
greater (p=0.0002 on log AUCos)) after TOBI 300 mg 
delivered by the PARI LC PLUS system (3.622+1.319 
ug/mL.hr) than after TOBI 60 mg delivered by the Aerodose 
system (2.553+0.989 ug/mL.hr). There was no evidence 
(p=0.7858) to suggest the presence of carryover effect in 
AUCos. The greater efficiency of the Aerodose inhaler was 
also seen in dose-normalized AUCos, results (TOBI 300 
mg with PARI LC PLUS=0.012+0.004 Lug/mL.hr/mg: 
TOBI 60 mg with Aerodose 0.043+0.16 Lug/mL.hr/mg). 
0307 The mean area under the serum concentration by 
time curve extrapolated to infinity (AUCo. in Table 7 
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above) was not significantly different (p=0.5477 on log 
AUCo.) after administration of TOBI 300 mg using the 
PARI system (5.273+1.699 ug/mL.hr) than after adminis 
tration of TOBI 60 mg using the Aerodose system 
(4.630+0.967 ug/mL.hr). No carryover effect was detected 
(p=0.6006). The greater efficiency of the Aerodose inhaler 
was similarly seen in dose-normalized AUCo., results 
(TOBI 300 mg with PARI LC PLUS=0.018+0.006 Lug/ 
mL.hr/mg; TOBI 60 mg with Aerodose=0.077+0.16 Lug/ 
mL.hr/mg). 
0308 Unplanned, exploratory analyses suggested that 
female Subjects achieved slightly higher Clas, AUCos and 
AUCo., results than male subjects after both TOBI300 mg 
and TOBI 60 mg treatments. 
0309 Extent of Exposure 
0310. The duration of exposure to study drug and the 
dose of study drug were not varied in this study. All 10 
subjects received a single 300 mg (5 mL) TOBI dose using 
the PARI LC PLUS jet nebulizer with the DeVilbiss Pul 
mo Aide compressor delivery System (control treatment) on 
one occasion and a single 60 mg (1 mL) TOBI dose using 
the Aerodose inhaler (experimental treatment) on a second 
occasion. Each dose was radiolabeled with up to 10 MBq 
'"Tc-DTPA and administered in a randomized two-way 
croSSOver fashion Separated by a 44-hour minimum washout 
period. 

0311. The mean whole lung deposition using the PARI 
LCPLUS nebulizer was 8.2% (24.5 mg) of the 300 mg 
TOBI dose. The mean whole lung deposition using the 
Aerodose inhaler was 34.8% (20.9 mg) of the 60 mg TOBI 
dose. A mean of 14.4% (43.3 mg) and 31.5% (18.9 mg) of 
the corresponding doses were deposited in the oropharynx 
using the PARI LC PLUS and Aerodose inhalers, respec 
tively. Both inhaler Systems were configured Such that each 
Subject's exhaled material was collected and did not escape 
with radioactive aerosol into the Surrounding atmosphere. 
The PARI LC PLUS nebulizer also included a system to 
collect any radiolabeled droplets escaping from the nebu 
lizer. 

0312 Bronchospasm 

0313. In this study, decreases in the relative FEV1 % 
predicted 2.10% (not clinically significant if <20%) and 
220% (clinically significant) from predose measurements to 
30-minutes postdose measurements with each delivery Sys 
tem were used as indicators of bronchospasm (airway reac 
tivity). Reductions in FEV1 % predicted 220% were con 
sidered clinically significant for the purposes of the Study. 
No subject had a drop in FEV1 % predicted 21.0% from 
predose to postdose regardless of delivery System during this 
Study. 

0314 Discussion and Overall Conclusions 
0315. The study of this example demonstrates that the 
AeroDose TM inhaler was more efficient in delivery of aero 
Solized tobramycin to the lungs of healthy adult Volunteers 
than the approved PARI LCPLUS jet nebulizer with DeV 
ilbiss Pulmo Aide compressor. Since the Aerodose inhaler is 
breath-actuated and generates aerosol only during inhala 
tion, proportionally more of the Aerodose dose should be 
delivered to the lungs than is delivered by the PARI LC 
PLUS, and there should be minimal wastage of drug by 
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aeroSolization during exhalation or by incomplete aero 
Solization of the contents of the drug reservoir. 
0316 During the study, the Aerodose inhaler delivered a 
Significantly greater percentage of the dose to the lungs than 
the PARI LC PLUS nebulizer (mean 34.8% vs. 8.2%: 
p=0.005). The actual amount of the dose deposited in the 
lungs was slightly but not significantly leSS using the Aero 
dose inhaler than using the PARI LCPLUS nebulizer (20.9 
mg vs. 24.5 mg: p=0.202). These data demonstrate that the 
Aerodose inhaler delivered nearly as much tobramycin to 
the lungs as the PARI LCPLUS nebulizer despite nebulizing 
one-fifth the amount of tobramycin. 
0317 Approximately 32% of the Aerodose dose was 
wasted on the inhaler and exhalation filter combined. By 
contrast, more than 74% of the PARI LC PLUS dose was 
wasted by deposition on the inhaler and exhalation filter. 

0318 When the Aerodose inhaler was used, 15.2% (9.1 
mg) of the 60 mg TOBI dose remained deposited on the 
inhaler, and 16.9% (10.1 mg) was deposited on the exhala 
tion filter. Since no aeroSolization occurred during exhala 
tion when the Aerodose was used, the observed deposition 
could have been due only to Seepage through the mouth 
inhaler seal or to residual radiolabeled tobramycin inhaled 
but immediately exhaled and not deposited in either the 
lungs or the oropharynx (including esophagus and stomach). 
Four Subjects were noted to have either experienced prob 
lems maintaining a Seal around the mouthpiece of the 
Aerodose inhaler or reported that the inhaler failed to 
nebulize one of the two aliquots of the dose Solution. These 
subjects had approximately 47%, 19%, 53%, and 26%, 
respectively, of the 60 mg dose deposited on the inhaler and 
exhalation filter combined. The highest two of these figures 
were above the range noted for the rest of the Subjects 
(ranging from 17% to 40% deposited on inhaler and exha 
lation filter combined). Problems with incomplete nebuliza 
tion or wide variation in Subject inhalation effectiveness may 
have contributed to the amount of wastage of drug during 
Aerodose usage in the present Study. 
0319. By comparison, when the PARI LC PLUS jet 
nebulizer was used, 42.6% (127.8 mg) of the 300 mg TOBI 
dose remained deposited on the inhaler, and 31.6% (94.8 
mg) was deposited on the exhalation filter. Presumably, most 
or all of the exhalation filter deposition was due to continued 
aeroSolization and consequent loSS of drug while Subjects 
exhaled. 

0320 Thus, both the Aerodose inhalers and PARI LC 
PLUS nebulizers wasted drug product in the present study 
by reason of retention of radiolabeled drug on or in the 
inhaler or deposition of drug on the exhalation filter (an 
average of approximately 19 of 60 mg wasted when the 
Aerodose inhaler was used and approximately 223 of 300 
mg wasted when the PARI LCPLUS nebulizer was used). 
The proportion of the total dose wasted using the Aerodose 
inhaler was less than half of that wasted using the approved 
PARI LC PLUS nebulizer. 

0321) The Aerodose inhaler also appeared to exhibit 
better “targeting” or delivery of the dose to the lungs, the 
target Site of the usual P. aeruginosa infection in cystic 
fibrosis patients, than the PARI LC PLUS nebulizer. The 
Aerodose inhaler deposited slightly more tobramycin in the 
lungs than in the oropharynx, esophagus, and Stomach 
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(lungs 34.8% vs. 31.5% of the 60 mg dose). By comparison, 
the PARI LCPLUS nebulizer deposited proportionally less 
of the dose in the lungs than in oropharynx, esophagus, and 
stomach (lungs 8.2% vs. 14.4% of the 300 mg dose). The 
ratio of lung to oropharyngeal, esophagus, and Stomach 
combined was approximately 1.1 for the Aerodose inhaler 
and 0.6 for the PARI LC PLUS nebulizer. 

0322. In addition to greater efficiency by greater delivery 
of drug to the lungs and proportionally greater targeting of 
the lungs, the Aerodose inhaler was also anticipated to be 
more efficient by reason of proportionally greater delivery of 
tobramycin to peripheral rather than central lung regions. 
The Aerodose particle MMD is smaller (mean MMD=4.0 
um) than that produced by the PARI LC PLUS nebulizer 
(mean MMD=4.8 um), so the expectation was that the 
Aerodose inhaler would deposit a greater proportion of 
aeroSol generated during inhalation in the peripheral airways 
than the PARI LC PLUS. During the study, the Aerodose 
inhaler deposited 13.2% (7.9 mg) of the 60 mg dose in the 
peripheral airways, while the PARI LC PLUS nebulizer 
deposited 3.1% (9.3 mg) in peripheral airways. Although the 
Aerodose inhaler achieved proportionally greater peripheral 
deposition than the PARILC PLUS nebulizer, both inhalers 
fell short of amounts predicted for peripheral deposition 
based on theoretical considerations (Aerodose estimated to 
peripherally deposit 60% (36 mg) of the 60 mg dose=1.0 mL 
fill volume 0.95 aerosolization 0.62 respirable particles; 
PARI LCPLUS estimated to peripherally deposit 16% (48 
mg) of the 300 mg dose=5.0 ML fill volume 0.64 aerosoliza 
tion 0.44 respirable particles). 

0323 Results of the study also showed that the Aerodose 
inhaler required significantly less nebulization time than the 
PARI LC PLUS nebulizer (mean 20.4 vs. 5.7 minutes, 
respectively). The 5.7 minute average nebulization time for 
the Aerodose inhaler did not include the amount of time 
needed to fill the drug reservoir before nebulization of the 
Second aliquot. Based on nebulization time results and other 
inhaler features including portability, ease of use, and lack of 
a need for a compressor, it is anticipated that the Aerodose 
inhaler would improve patient compliance. 

0324 Serum tobramycin concentrations, maximum con 
centrations, and extent of absorption were greater after 
administration of TOBI 300 mg using the PARI LC PLUS 
nebulizer than after administration of TOBI 60 mg using the 
Aerodose inhaler. These results appeared to be consistent 
with amounts of tobramycin deposited in lungs and orophar 
ynx (including esophagus and Stomach) combined where 
Systemic absorption occurred (mean tobramycin deposited 
in lungs and oropharynx combined=67.8 mg after TOBI 300 
mg; mean=39.8 mg after TOBI 60 mg). Mean serum tobra 
mycin concentrations were higher throughout the 8-hour 
observation period after administration of TOBI 300 mg 
using the PARI LCPLUS nebulizer than after administration 
of TOBI 60 mg using the Aerodose inhaler. Mean C. 
values were 0.677 and 0.482 lug/mL for TOBI 300 mg and 
TOBI 60 mg, respectively (statistically significant: 
p=0.0018). Mean T. results for both inhalers were virtu 
ally identical (2.213 and 2.207 hours, respectively). Appar 
ent absorption of tobramycin was significantly greater dur 
ing the 8-hour postdose period after TOBI 300 mg than after 
TOBI 60 mg (mean AUCos=3.622 and 2.553 ug/mL.hr, 
respectively; statistically significant: p=0.0002), but no 



US 2003/0143162 A1 

treatment differences were noted in AUCo. (TOBI 300 mg 
and TOBI 60 mg means=5.273 and 4.630 tug/mL.hr, respec 
tively; p=0.5499). 
0325 Current results suggested that the 60 mg TOBI dose 
aeroSolized using the Aerodose inhaler produced tobramycin 
deposition and Serum tobramycin concentration results that 
were significantly or Substantially less than results obtained 
after aerosolization of the approved TOBI 300 mg dose 
using the PARI LCPLUS nebulizer. Normalized for admin 
istered dose, the Aerodose inhaler was Substantially more 
efficient on a per milligram basis in delivery of tobramycin 
to the systemic circulation than the PARI LC PLUS nebu 
lizer. These results are consistent with the higher deposition 
(on a milligram basis) in the lung. 
0326 Results of the study also showed that single doses 
of TOBI 300 mg delivered using the PARI LC PLUS jet 
nebulizer and of TOBI 60 mg delivered using the Aerodose 
breath actuated nebulizer were safe and well-tolerated by 
healthy adult male and female volunteers. No instances of 
bronchoSpasm were observed, and no notable quantitative 
changes in pulmonary function were seen. No notable 
adverse events (AES) were reported by Subjects, and there 
were no apparent differences between treatment groups in 
incidence of any AE. Six treatment emergent AES were 
reported by 4 Subjects, but all events were mild in intensity. 
Two instances of headache were considered possibly or 
definitely related to treatment. No clinically significant 
laboratory results or changes in results were observed. No 
adverse Vital Signs, body weights, physical findings, or 
electrocardiogram results were observed. No evidence of 
Systemic toxicity, as measured by unusually high Serum 
tobramycin concentrations, was observed. 

Example 3 

In Vivo Study 2 

0327. A comparison was made of the safety, pharmaco 
kinetics, aerosol delivery characteristics, and nebulization 
time of the conventional dose and inhalation delivery System 
(5 mLampoule containing 300 mg tobramycin and 11.25 mg 
sodium chloride insterile water for injection (TOBIOR tobra 
mycin Solution for inhalation, Chiron Corporation, Seattle, 
Wash.), pH 6.0; administered with a PARILC PLUSTM jet 
nebulizer with a DeVilbiss Pulmo Aide TM compressor set to 
deliver an output pressure of 20 psi-the “control delivery 
system”) with a dose of 420 mg Tobramycin Solution for 
Inhalation at 120 mg/mL (excipient 3.5 mL of 1/4 normal 
saline adjusted to a pH of 6.0+0.5; 420 mg in 3.5 mL) 
delivered by the PARI LC PLUSTM jet nebulizer with a 
Invacare MOBILAIRETM compressor set to deliver an out 
put pressure of 35 psi (the “experimental delivery system”). 
0328. The study was designed as an open label, random 
ized, Single-dose, multicenter, two treatment, active-control, 
and parallel trial. Each patient was administered a single 
aeroSolized dose of Study drug with either the control 
delivery System or the experimental delivery System. In 
accordance with the Study design, a total of 36 eligible male 
and female patients 12 years of age or older with a confirmed 
diagnosis of cystic fibrosis were enrolled with a minimum of 
4 patients at each Site. A 2:1 randomization ratio was 
employed for assignment of patients to the treatment groups. 
In the presence of the investigator or Study coordinator, each 
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patient was to Self-administer either a single dose of 300 mg 
TOBIOR with the control delivery treatment or a single dose 
of 420 mg Tobramycin Solution for Inhalation with the 
experimental delivery treatment as listed below. 
0329 Control Treatment: 
0330 Aerosolized 300 mg TOBIGR) was delivered by 
PARI LC PLUS jet nebulizer/DeVilbiss Pulmo Aide com 
pressor: Preservative free tobramycin for inhalation 60 
mg/mL (excipient 5 mL of 1/4 normal Saline adjusted to a 
pH of 6.0+0.5); 300 mg in 5 mL, lot number 03K1C 
(TOBIOE) at 60 mg/mL). 
0331 Experimental Treatment (420 mg Tobramycin 
Solution for Inhalation or “TSI”): 
0332 Aerosolized 420 mg Tobramycin Solution for Inha 
lation (TSI) was delivered by PARJ LCPLUS jet nebulizer/ 
Invacare MOBILAIRE compressor: Preservative free tobra 
mycin 120 mg/mL (excipient 3.5 mL of 4 normal saline 
adjusted to a pH of 6.0+0.5); 420 mg in 3.5 mL. 
0333 Both 300 mg TOBICE) and 420 mg Tobramycin 
Solution for Inhalation are Sterile, non-pyrogenic, preserva 
tive-free antibiotics prepared for aeroSolization. Each mL of 
TOBIOR contains 60 mg tobramycin and 2.25 mg Sodium 
chloride in sterile water for injection, pH 6.0+0.5 (control 
treatment). Each mL of TSI contains 120 mg tobramycin and 
2.25 mg Sodium chloride in Sterile water for injection, pH 
6.0+0.5 (experimental treatment). Drug supplies for this 
Study were manufactured by Automated Liquid Packaging 
(ALP), Woodstock, Ill. All repackaging, labeling, and dis 
tribution for clinical use was provided by Packaging Coor 
dinators, Inc. (PCI), Philadelphia, Pa. Study drug and device 
Supplies were shipped from Chiron Corporation, 
Emeryville, Calif. for each patient upon enrollment in the 
Study. 
0334. The duration of study participation for each patient 
was approximately two weeks including a brief (one day one 
week before treatment) screening period, one day treatment 
period, and a follow-up one-week after treatment. Study 
treatments were evaluated for Safety and aeroSol delivery 
characteristics up to eight hours post-dose on the day of the 
Single dose treatment administration. The patient was to 
return to the clinic for a Seven day post-treatment follow-up 
assessment of Safety. There were no planned interim Safety 
analyses. 

0335 Criteria for Evaluation: 
0336 Safety: 

0337 Incidence of bronchospasm defined as FEV1 
decrease of 210% and FEV decrease of 2.20% 
from predose to 30 minutes postdose; 

0338 Relative change and absolute change in air 
way response (FEV) after Single dose of Study drug; 

0339 Laboratory measures of safety (clinical lab 
tests, Spirometry testing); 

0340 Incidence of treatment emergent adverse 
eVentS. 

0341) Aerosol Delivery: 
0342 Pharmacokinetic assessment of sputum and 
Serum tobramycin concentrations, 
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0343 Sputum was collected at pre-dose and 15 
minutes, 1, 2, 4, and 8 hours after dosing, 

0344 Serum was collected at pre-dose and 10 
minutes, 1, 2, 4, 6, and 8 hours after dosing, 

0345 Nebulization time. 
0346 Statistical methods: All patients who received a 
dose of Study treatment were evaluated for Safety and 
aeroSol delivery characteristics. 
0347 Rate of bronchospasm measured by the percent of 
patients with >10% and >20% relative decrease in FEV1% 
from pre-dose to 30 minutes post-dose was Summarized and 
compared between treatments using the Fisher's exact test. 
0348. A two sample t-test was used to compare the 
relative change in FEV1% from predose to 30 minutes 
postdose between experimental and control treatments. 
Summary statistics for relative and absolute change in FEV1 
were tabulated by treatment. 
0349 Sputum and serum area under curve (AUC) and 
maximum concentrations (C) were Summarized and ana 
lyzed for treatment differences using a general linear model 
analysis of variance (ANOVA). Pharmacokinetic parameters 
were calculated using a non-compartmental model. Sputum 
and Serum concentrations were Summarized and graphically 
illustrated by treatment. 
0350 Laboratory measures of safety and incidence of 
treatment-emergent adverse events were Summarized and 
descriptively compared between treatments. 
0351 Nebulization time was recorded and Summarized 
for each of the two delivery treatments. 
0352) Safety Variables 
0353 Aerosol delivery variables were tobramycin con 
centrations in Sputum and Serum, Sputum and Serum tobra 
mycin pharmacokinetic parameters, and aeroSol nebuliza 
tion time. Safety variables were the incidence and Severity 
of bronchoSpasm, measured as the number of patients expe 
riencing a >10% and a >20% decrease in forced expiratory 
volume in one second (FEV) within 30 minutes after dosing 
(a 2.20% decrease in FEV1 was considered clinically sig 
nificant), the incidence of treatment emergent adverse events 
(AES), clinical laboratory test results, the number of patients 
with Serum tobramycin concentrations 24 ug/mL, physical 
examination findings, and Vital signs results. 
0354) Primary Aerosol Delivery Variables 
0355 Evaluation of the aerosol delivery characteristics of 
420 mg Tobramycin Solution for Inhalation at 120 mg/mL 
delivered by the PARI LC PLUSTM/Invacare MOBI 
LAIRETM delivery system compared to 300 mg TOBICE) at 
60 mg/mL delivered by the FDA-approved PARI LC 
PLUSTM/DeVilbiss Pulmo Aide TM delivery system was 
based on determination of Sputum and Serum tobramycin 
concentrations, calculation of certain Sputum and Serum 
pharmacokinetic parameters, and measurement of nebuliza 
tion time. 

0356 Sputum Tobramycin Concentrations: Sputum 
Samples were expectorated by patients from a deep cough 
and collected before day 1 dosing (predose) and at 0.25, 1, 
2, 4, and 8 h after the end of the nebulization period. Sputum 
Samples were collected as close as possible to Specified 
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times and were considered to have been drawn on time 
within +2 minutes for the 15-minute posttreatment collec 
tion and within +10 minutes for the 1-, 2-, 4-, and 8-hour 
posttreatment collections. Samples collected outside these 
intervals were considered protocol deviations. A minimum 
100 mg Sputum (not saliva) sample was collected before the 
Single dose of Study treatment to determine the baseline 
tobramycin concentration. Immediately after dosing, 
patients rinsed their mouths with 30 mL of normal saline, 
gargled for 5-10 Seconds, and expectorated the rinse. This 
Sequence of post-treatment rinsing was repeated for a total 
of three rinses. Sputum samples were stored at -70° C. or 
below until analysis. The concentration of tobramycin was 
analyzed using reversed-phase high-performance liquid 
chromatography (HPLC) with ultraviolet detection. Patient 
sputum samples were first liquefied with 0.2 N NaOH and 
diluted with Tris buffer (20.0 g Trizma base/L). Sputum 
Standard Samples were prepared by Spiking diluted pooled 
Sputum from CF patients with tobramycin to final concen 
trations of 0, 20, 40, 100, 200, 400, and 1000 ug/g of sputum. 
ASSay quality control Samples were prepared by Spiking 
diluted pooled sputum to contain 40, 300, and 800 ug/g. The 
internal standard sisomycin (100 uL, 0.15 mg/mL in Tris 
buffer) was added to 100 uL of each standard, control, and 
subject sample, followed by 400 u of acetonitrile and 50 till 
of 2,4-dinitrofluorobenzene (0.17 g/mL). The sample reac 
tion mixtures were heated in a dry-block heater for 1 h at 80 
C. After addition of 600 lull of 60/40 acetonitrile/water (v/v), 
50 it was analyzed by HPLC. Samples were injected onto 
a Waters Nova-Pak(R) C-18, 3.9x150 mm, 4 um column 
connected to a Waters HPLC with 600E pump, 486 or 2487 
ultraviolet detector (0=360 nm) and 717 Plus autosam 
pler. The mobile phase consisted of 0.2% acetic acid in 
acetonitrile (39/61, V/v), pumped at a rate of 1.5 mL/min for 
5 min, 2.0 mL/min for an additional 9 or 10 min, depending 
on the length of the run. Waters Millennium-32 C/S LC 
Software (version 3.20) was used to operate the Waters 
HPLC instruments as well as acquire raw data, process, 
compute, and report the analytical results. The ratio of the 
peak height of tobramycin to the internal Standard Sisomycin 
(PHR) was calculated. The assay was completed in 8 runs. 
Retention time ranges of 4.2 to 4.4 min, and 10.8 to 11.8 min 
were observed for tobramycin and Sisomycin, respectively. 
A linear relationship existed between PHR and concentra 
tion from 20 to 1000 tug/g for sputum. The regression model 
was PHR=Bx+A (x=tobramycin concentration), weighted 
1/x. The lower limit of quantitation was 20 lug/g. The 
concentrations of the standard samples were within 97 to 
105% of the nominal concentration, with coefficients of 
variation not higher than 3.4%. The precision of the assay, 
as reflected by the CV of the quality control samples, was 
2.3%, 2.2% and 2.6%, for the 40,300, and 800 lug/gsamples, 
respectively. The accuracy of the method, reflected by the 
interassay recoveries of the quality control Samples, was 
103%, 99%, and 98% for the 40, 300, and 800 tug/g quality 
control Samples, respectively. Overall, this method exhibited 
Suitable accuracy and precision for pharmacokinetic analy 
SS. 

0357 Serum Tobramycin Concentrations: Blood samples 
were collected at predose and at 0.167, 1, 2, 4, 6, and 8 h 
after the end of the nebulization period. Samples were 
collected as close as possible to specified times and were 
considered to have been drawn on time within t2 minutes 
for the 10-minute posttreatment collection and within +10 
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minutes for the 1-, 2-, 4-, 6-, and 8-hour posttreatment 
collections. Samples collected outside these intervals were 
considered protocol deviations. Serum was harvested and 
stored at -70° C. or below until analysis. Concentrations of 
tobramycin in Serum were analyzed with a modified fluo 
rescence polarization immunoassay (FPIA) method using 
the Abbott TDX(R/TDXFLX(R) System. Samples were added 
directly to the dilution well of the sample cartridge. The net 
polarization was acquired by the TDX(R/TDXFLX(R) appara 
tus and manually entered into an Oracle database. A 
weighted four parameter logistic equation was used to 
calculate the concentrations of tobramycin. The concentra 
tions of tobramycin were reported in terms of free base 
equivalents. For assaying the Subject Samples of the Study, 
calibration standards (0.050, 0.100, 0.200, 0.400, 0.600, 
0.800, 1.000 ug/mL) and quality control samples (0.150, 
0.400, and 0.750 ug/mL) were prepared in house. The assay 
was completed in 8 runs. A linear relationship existed 
between polarization response and concentration from 0.050 
tug/mL to 1.00 lug/mL. The lower limit of quantitation was 
0.050 tug/mL. The precision of the assay, as reflected by the 
CV of the quality control samples, was 3.3%, 4.9%, and 
4.9% for the 0.150, 0.400, and 0.750 tug/mL samples, 
respectively. The accuracy of the method, reflected by the 
mean interassay recoveries of the quality control Samples, 
was 101%, 103%, and 104% for the 0.150, 0.400, and 0.750 
tug/mL Samples, respectively. Overall, this method exhibited 
Suitable accuracy and precision for pharmacokinetic analy 
SS. 

0358 Nebulization Time: 
0359 Nebulization time was defined as the length of time 
from the start of the patient's first tidal breath to completion 
of aeroSol administration. AeroSol administration was com 
plete when the nebulizer began to Sputter. If aeroSol admin 
istration was interrupted for any reason, the time of inter 
ruption and Start and Stop times of continued aeroSol 
administration were recorded. If dosing was interrupted, 
nebulization time was considered to be not calculable. 

0360 Residual Tobramycin in the Nebulizer: The amount 
of residual tobramycin Solution remaining in the nebulizer 
after completion of aeroSol administration was determined 
by recording pretreatment and posttreatment weight of the 
nebulizer System including nebulizer, filter valve, and Study 
drug. The research coordinator collected residual Study drug 
remaining in the nebulizer after aerosol administration into 
a vial labeled with patient information. The vial was 
returned for measurement of the amount of drug output from 
the nebulizer and for determination of the extent of the 
concentration of Study drug left in the nebulizer. 
0361 Safety Variables 
0362 Bronchospasm: The study protocol prospectively 
identified bronchoSpasm as an adverse airway response to 
inhalation of aeroSolized antibiotic of particular relevance to 
patients with cystic fibrosis. In order to determine whether 
current Study treatments produced bronchoSpasm, patients 
performed Spirometry (pulmonary function) tests to measure 
FEV1 before and 30 minutes following completion of study 
treatment administration according to the method described 
in the protocol. Airway response to the Study drug was 
assessed by evaluating the relative percent change in FEV1 
from predose to 30 minutes after the end of treatment using 
the following formula. 
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30 min postdose FEV1 - 
predose FEV1 
predose FEV1 x 100% relative FEV1 % change = 

0363 Bronchospasm was defined as a decrease in FEV1 
of 2.10% at 30 minutes after dosing, relative to the predose 
result. A decrease in FEV of 220% was considered to 
represent clinically significant bronchoSpasm. Moreover, if 
there was a posttreatment decrease in FEV of 230%, 
Spirometry was to be repeated until the FEV1 decrease was 
<10% below the predose result. An FEV1 % decrease 
230%, and all Symptoms associated with the change in 
pulmonary function, were to be recorded as adverse events. 
The protocol defined the severity of decrease in FEV based 
in part on the National Cancer Institute (NCI) Common 
Toxicity Criteria Adverse Events Grading Scale. However, 
Slight inconsistencies in the protocol definitions of broncho 
Spasm and of the Severity of FEV changes were noted 
during preparation of the analyses and report. To resolve the 
differences, the actual System used during the analysis to 
classify the severity of FEV changes relative to the predose 
result is listed below. 

TABLE 16 

AIRWAY RESPONSE (FEV) (BRONCHOSPASM) 
FEV1 % DECREASE BELOW PREDOSE VALUE 

Severity Protocol Classification Analysis Classification 

Mild: 2.10%-s2O% 2.10%-20% 
Moderate: >20%-s30% 22.0%-30% 
Severe: >30% 23.0% 

0364 Clinical Laboratory Tests 
0365 At screening, laboratory tests were performed to 
measure serum creatinine, blood urea nitrogen (BUN), urine 
protein (proteinuria by dipstick), and to detect pregnancy in 
females of childbearing potential. If abnormal at Screening, 
Serum creatinine, BUN, and urine protein tests were to be 
repeated before the time of dosing. Final test results were 
obtained based on Specimens drawn at the follow-up visit on 
day 8 of the study. 

0366. After the mean body weight difference between 
treatment groups became known by Chiron perSonnel, esti 
mated creatinine clearance was calculated for patients using 
the Cockroft-Gault equation below to evaluate renal clear 
ance characteristics of the two groups and to clarify the 
pharmacokinetic results of the Study. 
0367 Male patients: 

0368) 
0369 clearance (mL/min) (140-ageyr) (body weight 

kg)/72 (serum creatinine mg/dL) 

estimated creatinine 

0370 Female patients: p 

0371) 
0372 clearance (mL/min)=0.85*(140-ageyr) (body 
weightkg)/72 (serum creatinine mg/dL) 

estimated creatinine 
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0373 All abnormal laboratory test results, whether 
present on entry into the Study or arising during the Study, 
were evaluated by the Study investigator for clinical signifi 
cance and relationship to study drug. If the abnormal result 
was considered unrelated to Study drug, the investigator was 
to identify the probable cause of the result. Laboratory 
results considered markedly abnormal and clinically signifi 
cant were BUN>16 mmole/l (>45 mg/dl), serum creatinine 
>177 umole/l (>2 mg/dl), and proteinureae3+. 
0374) Other Safety Variables 
0375 Serum assay results were screened for tobramycin 
concentrations >4 ug/mL from Specimens collected from 10 
minutes through 8 hours after completion of Study treat 
ments. In parallel, patient records and CRFs were examined 
for evidence of Systemic toxicity potentially related to 
elevated tobramycin levels. ASSay results were not available 
until after patients discharge from the Study, So Screening 
for unusually high Serum tobramycin concentrations and 
evidence of Systemic toxicity was undertaken when all 
pertinent results were received. 
0376 Pharmacokinetics 
0377 Pharmacokinetic parameters for both sputum and 
Serum tobramycin were derived to characterize aeroSol 
delivery capabilities of control and experimental treatments. 
The concentration (C) versus time (t) data (Listings 16.2.5.2 
and 16.2.5.3) were analyzed by model-independent methods 
to obtain the pharmacokinetic parameters. The areas under 
the plasma concentration-time curve from time Zero (pre 
dose) to infinity (AUC) and under the first moment of the 
plasma concentration-time curve (AUMC) were obtained by 
the trapezoidal rule, extrapolated to infinity. The terminal 
rate constant (2) was determined by log-linear regression of 
the terminal phase. The maximum concentration (C) and 
the time to maximum after the end of the nebulization period 
(t) were obtained by inspection. In addition, the follow 
ing parameters were calculated: 

0378 where t is the terminal half-life, CL/F is the total 
body clearance, and VZ/F is the terminal volume of distri 
bution. Since the absolute bioavailability of tobramycin (F) 
in the two formulations used in this Study is not known, the 
calculated clearance and Volume of distribution are hybrid 
parameters that do not account for differences in bioavail 
ability between the two formulations. All parameters were 
calculated for serum; only AUC, C 2, and t12 Were 
calculated for Sputum. 

lax max: 

0379 Concentrations below the lower limit of quantita 
tion were treated as Zero for all calculations. Since there was 
an insufficient Volume of matrix to assay tobramycin in the 
following time points, they were excluded from the phar 
macokinetic analysis: 

TABLE 1.7 

EXCLUSIONS FROM PHARMACOKINETIC ANALYSIS 

Matrix Subject Time 

Serum O1-110 6 
02-116 1. 
O3-102 0.167, 1, 2 
O3-105 O, 0.167, 1, 2, 4, 6, 8 
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TABLE 17-continued 

EXCLUSIONS FROM PHARMACOKINETIC ANALYSIS 

Matrix Subject Time 

O3-131 O.167 
O5-125 4, 8 
O6-120 2 

Sputum O8-127 2 

0380 Data Handling 

0381 Case report form data were entered in duplicate 
into a ClintrialTM database by the department of Biostatistics 
and Clinical Data Management (BCDM) at Chiron Corpo 
ration. Data quality assurance was performed using PL/SQL 
and SASTM 6.12 or higher software (SAS Institute, Cary, 
N.C.). Analysis was performed by Chiron Corporation, 
using SAS version 6.12 or higher Software, based on a 
predefined analysis plan developed by Chiron Corporation. 
The estimated overall database error rate was 0.XX % with an 
upper 95% confidence limit of 0.XX %. This upper confi 
dence limit is below the departmental standard of 0.5%. 

0382 Statistical Methods and Determination of Sample 
Size 

0383 Statistical and Analytical Plans: Serum and sputum 
pharmacokinetic parameters, the incidence of broncho 
Spasm, and the relative change from predose in 30-minute 
postdose FEV1 % predicted were analyzed statistically to 
assess the Significance of any apparent differences between 
test and reference treatments. All Statistical tests described in 
following Sections were two-tailed tests of Significance, and 
the criterion for Statistical significance was Set at C=0.05 
unless otherwise noted. 

0384 Primary Aerosol Delivery Analyses: 

0385 All patients who received the single dose of test or 
reference treatment were included in the analysis and evalu 
ation of aerosol delivery characteristics. AeroSol delivery 
was characterized on the basis of Serum and Sputum tobra 
mycin concentrations, derived Serum and Sputum pharma 
cokinetic parameters, and nebulization time. The effect of 
treatment (300 mg TOBI vs. 420 mg TSI), gender, and age 
group (less than 18, 18 years or older) on the AUC, C, ), 
CL/F, and VZ/F of tobramycin in serum, and on the AUC, 
C, and 2 of tobramycin in Sputum, was analyzed by a 
three-way analysis of variance. Furthermore, the relation 
ship between body weight and AUC, C, CL/F, and VZ/F 
of tobramycin in serum, and between body weight and AUC 
and C of tobramycin in Sputum were analyzed by regres 
Sion analysis. All tests employed a significance level 
C=0.05. All parameters are expressed as the mean SD. A 
harmonic half-life was estimated as: 

0386 in which is the arithmetic mean of the 
terminal rate constants at each dose. The Standard 

deviation of the harmonic half-life, SD(t), was 
obtained as: 
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ln(2) 
- X 

SD(...) 

0387 where SD( ) is the standard error of the mean 
terminal rate constant at each dose. 

0388 Safety Analyses 
0389 Analysis of Airway Response: 
0390 The primary safety variable was the rate of bron 
chospasm, defined as a 2.10% decrease in FEV from 
predose to 30 minutes after treatment on day 1 of the study. 
Secondary safety variables were (a) the rate of clinically 
Significant bronchoSpasm, defined as a 220% decrease in 
FEV, from predose to 30 minutes after treatment on day 1, 
and (b) the relative change in FEV from predose to 30 
minutes after treatment on day 1. The rates of occurrence of 
all instances of bronchospasm (FEV1% decrease 2.10%) and 
of all instances of clinically significant bronchospasm (FEV1 
% decrease 220%) were analyzed to assess the Statistical 
Significance of test VS. reference treatment differences using 
the Fisher's Exact test. The protocol specified that the 
treatment difference in the incidence of bronchoSpasm 
would be tested for Statistical significance using the 
Cochran-Mantel-Haenszel test. Due to the low incidence of 
bronchoSpasm in the enrolled patients, the Fisher's exact test 
was used for this analysis Since it makes no assumptions 
regarding the minimum expected cell frequencies. The test 
VS. reference treatment difference in mean relative change 
from predose in 30-minute postdose FEV1 % predicted was 
tested for Statistical Significance using the two-sample t-test. 
0391 Adverse Events: The total incidence of individual 
treatment emergent adverse events (percent of patients who 
experienced the event at least once during or after Study 
treatment) was evaluated descriptively for any noteworthy 
differences between test and reference treatments. AES were 
also Summarized by Severity (mild, moderate, Severe) and 
drug relationship (unrelated, possibly related) for test and 
reference treatments. 

0392 Disposition of Subjects 
0393 A total of 40 patients were screened for the study 
by the eight investigators. Thirty-eight of the 40 screened 
patients met entrance criteria, were enrolled in the Study 
(Table 18), and were randomized to one of the two treat 
ments. Enrollment and randomization of the 38 patients at 
the eight sites was as Summarized in Table 18 below: 

TABLE 1.8 

ENROLLMENT AND RANDOMIZATION 
BYSITE AND TREATMENT 

300 mg TOBI (R) 420 mg TSI 
PARI LC PLUS TM/ PARI LC PLUS TM/ 

DeVIbiss Invacare 
PulmoAide TM 

Delivery System 
(no. patients enrolled 

MOBILAIRETM 
Delivery System 

(no. patients enrolled 
Site and randomized) and randomized) 

O1 2 2 
O2 1. 3 
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TABLE 18-continued 

ENROLLMENT AND RANDOMIZATION 
BYSITE AND TREATMENT 

300 mg TOBI (R) 420 mg TSI 
PARI LC PLUS TM/ PARI LC PLUS TM/ 

DeVIbiss Invacare 
PulmoAide TM 

Delivery System 
(no. patients enrolled 

MOBILAIRETM 
Delivery System 

(no. patients enrolled 
Site and randomized) and randomized) 

O3 2 6 
O4 O 2 
05 2 4 
O6 2 3 
O7 2 2 
O8 

Total enrolled 14 24 
and randomized 

0394. Two of the 40 screened patients failed to meet 
entrance criteria and were not enrolled in the Study: one 
patient did not meet the protocol inclusion criterion requir 
ing patients to have Screening FEV1% predicted results that 
were 225%; and one patients did not meet the exclusion 
criterion requiring patients to have not taken inhaled or 
intravenous aminoglycosides within Seven days before Study 
treatment administration. Thirty-eight patients met all Study 
entry criteria and were randomized to treatments. Thirty 
Seven of the 38 randomized patients received one dose of 
study treatment (Table 18). One patient was enrolled and 
randomized but was withdrawn from the study before dosing 
due to Staff inability to establish venous access for predose 
day 1 (visit 2) blood draws. The 37 randomized and dosed 
patients constituted the intent to treat (ITT) population. All 
37 patients who received study treatments completed the 
Study. 

Aerosol Delivery Evaluation 

0395 Data Sets Analyzed 
0396 All 37 patients in the ITT population (i.e., those 
who were randomized and received a dose of Study treat 
ment) were evaluable for the aerosol delivery objective of 
the protocol. Twenty four patients received a dose of 420 mg 
TSI using the PARI LC PLUSTM/Invacare MOBILAIRETM 
Delivery System, and 13 patients received a dose of 300 mg 
TOBIGR) using the PARI LC PLUSTM/DeVilbiss Pul 
moAide TM Delivery System. Patient 08/137 was excluded 
from all aerosol delivery evaluations due to withdrawal from 
the Study before dosing. 
0397) Demographic and Other Baseline Characteristics 
0398 Demographic Characteristics: 
0399. Nineteen male and 18 female patients, 12 to 44 
years of age and diagnosed with cystic fibrosis, constituted 
the ITT population. Thirty-one patients were Caucasian, 
four patients were Hispanic, and two patients were black. 
Gender and race distributions were similar between the 420 
mg TSI and 300 mg TOBIOR treatment groups. On the 
average, ITT patients in the 300 mg TOBIOR group were 
approximately 2.7 years older, 4.9 centimeters taller, and 
10.7 kilograms heavier at screening (visit 1) than ITT 
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patients in the 420 mg TSI group. A similar treatment 
difference in mean body weight was apparent before day 1 
(visit 2) dosing, and no noteworthy change in mean weight 
was noted between Screening and day 1. 
0400 Analysis of Aerosol Delivery 
04.01 Primary Aerosol Delivery Analysis: Examination 
of the mean plasma concentration-time plot for both formu 
lations in serum (FIG. 10) indicates that tobramycin is 
rapidly absorbed: all Subjects achieved maximum concen 
trations in the time span of 10 min to 4 h. An elimination 
phase was also observed in the concentration-time profiles, 
with individual estimates of half-life ranging from 1.1 to 6.8 
h. In sputum (FIG. 11), maximum concentrations were 
achieved between 15 min and 2 h, and individual estimates 
of half-life ranged from 0.48 to 9.47 h. These estimates are 
consistent with previous Studies. 
0402 Serum and sputum pharmacokinetic parameters are 
Summarized in Tables 19 and 20 as follows. 

TABLE 1.9 

SERUM PHARMACOKINETIC PARAMETERS 

(MEAN + SD) OF TOBRAMYCIN AFTER ADMINISTRATION 
OF 3OO MG TOBAND 420 MGTS 

Parameter 300 mg TOBI 420 mg TSI 

AUC (ugh/mL) 4.38 1.97 4.41 - 1.69 
Cmax (ig/mL) O861 O.344 0.906 - 0.542 
Median tax (h) 1 (1-4)* 1 (0.17-2) 
W. (h) O.250 O.O52 O.243 O.O98 
t4 (h) 2.78 0.58 2.86+ 1.15 
CL/F (L/h) 88 62 11459 
Vz/F (L) 379 325 511 278 

0403) 

TABLE 2.0 

SPUTUMPHARMACOKINETIC 

PARAMETERS (MEAN + SD) OF TOBRAMYCIN AFTER 
ADMINISTRATION OF 3OO MG TOBAND 420 MG TSI 

Parameter 300 mg TOBI 420 mg TSI 

AUC (ugh/g) 1521 - 845 1176 686 
Cmax (ig/g) 930 - 795 935 - 1040 
Median tax (h) 0.25 (0.25-2)* 0.25 (0.25-0.25) 
W (h") 0.59 - 0.31 O.52 O.37 
T4 (h) 1.17 O.98 1.33 - 0.95 

04.04 The serum and sputum concentration-time curves 
for both treatments were virtually superimposable (FIGS. 
10 and 11, Tables 19 and 20). Serum parameters (C, t, 
AUC, CL/F, VZ/F) showed no statistically significant dif 
ferences between the treatment groups (Table 19). Sputum 
parameters (AUC, C, and 2) also showed no statistically 
significant treatment differences (Table 20). Neither age nor 
body weight had a Statistically significant effect on these 
pharmacokinetic parameters. In addition, there were no 
Statistically significant correlations between Serum and Spu 
tum AUC, and between Serum and Sputum C. The 
variability of the pharmacokinetic parameters in Serum and 
in Sputum was similar to previous trials. In Summary, these 
findings indicate that it is possible to achieve comparable 
serum and sputum levels of tobramycin to the 300 mg 
TOBIOR formulation by using the 420 mg TSI formulation. 
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04.05 Secondary Aerosol Delivery Analyses 

0406 Nebulization Time: Nebulization time was substan 
tially reduced during administration of the test 420 mg TSI 
formulation below that observed during administration of 
the marketed 300 mg TOBIOR formulation. Mean+SD total 
nebulization time was 9.7+3.0 minutes during 420 mg TSI 
administration compared to 18.1+3.6 minutes during 300 mg 
TOBIE administration (Table 21). These findings indicate 
that the reduced nebulization times used in the 420 mg TSI 
treatment did not change the pharmacokinetics of tobramy 
cin relative to the marketed 300 mg TOBIOR formulation. 

TABLE 21 

MEAN (SD) NEBULIZATION TIME 

300 mg TOBI 
PARLC PLUS 

420 mg TSI 
PARI LCPLUSP 

Parameter PulmoAide Compressor MOBILAIRE Compressor 
mean (SD) (n = 13) (n = 24) 

Nebulization 18.1 (3.6) 9.7 (3.0) 
Time (min) 
No. pts with data 12 23 

Source: Table 14.2.2.1. 

Notes: 

Reference treatment = TOBI 300 mg delivered by PARI LC PLUS nebu 
lizer with PulmoAide compressor. Nebulization time for patient 07/132 
indeterminate due to interruption in dosing and unrecorded stopfstart 
times. 

Test treatment = TSI 420 mg delivered by PART LC PLUS nebulizer 
with MOBILAIRE compressor. Nebulization time for patient 07/126 inde 
terminate due to interruption in dosing and unrecorded stopfstart times. 

0407 Nebulizer Weight: Nebulizer weight changes from 
before to after dosing indicated that the test 420 mg TSI 
formulation delivered leSS product to patients than the 
marketed 300 mg TOBIOR formulation. Mean tSD amounts 
of product delivered to patients was 1.86+0.53 gm during 
420 mg TSI administration and 2.74+1.64 gm during 300 mg 
TOBIE administration (Table 14.2.2.2), as Summarized in 
Table 11.4-4 below. These findings likely reflect the smaller 
3.5 mL volume of TSI formulation in the nebulizer com 
pared to the 5 mL volume of the TOBIOR formulation. 

TABLE 22 

MEAN (SD) NEBULIZERWEIGHT AND CHANGE IN WEIGHT 

420 mg TSI 
PARLC PLUS 

300 mg TOBI 
PARLC PLUS 

Parameter PulmoAide Compressor MOBILAIRE Compressor 
mean (SD) (n = 13) (n = 24) 

Nebulizer Weight 
(gm) 

Predose 68.25 (7.30) 69.17 (0.61) 
No. patients with 13 24 
data 
Postdose 65.51 (6.89) 67.30 (0.80) 
No. patients with 13 23 
data 
Change in weight -2.74 (1.64) -1.86 (0.53) 
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TABLE 22-continued 

MEAN (SD) NEBULIZERWEIGHT AND CHANGE IN WEIGHT 

300 mg TOBI 
PARLC PLUS 

420 mg TSI 
PARLC PLUS 

Parameter PulmoAide Compressor MOBILAIRE Compressor 
mean (SD) (n = 13) (n = 24) 

No. patients with 13 23 
data 

Notes: 

Reference treatment = TOBI 300 mg delivered by PARILC PLUS nebu 
lizer with PulmoAide compressor. 
Test treatment = TSI 420 mg delivered by PARI LCPLUS nebulizer with 
MOBILAIRE compressor. Nebulizer weight for patient 02/116 not 
recorded after dosing. 
The posttreatment nebulizer weight for patient 07/132 included the weight 
of the filter, and the pretreatment to posttreatment change in nebulizer 
weight was an increase by 2.20 gm. Excluding this erroneous value yields 
a mean (SD) change of -3.16 () gm. 

0408 Discussion 
04.09 Aerosol delivery findings indicate that it is possible 
to achieve comparable Serum and Sputum levels of tobra 
mycin to the 300 mg TOBIOR formulation by using the 420 
mg TSI formulation. Present findings also indicate that the 
reduced nebulization times and reduced amount of product 
delivered to patients during administration of the 420 mg 
TSI treatment did not change the pharmacokinetics of tobra 
mycin relative to the marketed 300 mg TOBIOR formulation. 
0410 Mean serum tobramycin concentration-time plots 
for both formulations indicate that tobramycin is rapidly 
absorbed: all Subjects achieved maximum concentrations in 
the time span of 10 min to 4 h. An elimination phase was 
also observed in the concentration-time profiles, with indi 
vidual estimates of half-life ranging from 1.1 to 6.8 h. In 
Sputum, maximum concentrations were achieved between 
15 min and 2 h, and individual estimates of half-life ranged 
from 0.48 to 9.47 h. 

0411 The serum and sputum concentration-time curves 
for both treatments in the present study were virtually 
Superimposable. Serum parameters (Ca, tas, AUC, CL/F, 
VZ/F) showed no statistically significant differences 
between the treatment groups. Mean (+SD) serum C. 
results for both the 420 mg TSI and the 300 mg TOBICE) 
groups (0.906+0.542 ug/mL vs. 0.861+0.344 ug/mL, respec 
tively) were consistent with results from previous studies. 
40.41 The average Serum concentration of tobramycin one 
hour after inhalation of a single 300 mg dose of TOBIOR by 
CF patients was 0.95 ug/mL. After 20 weeks of therapy on 
the TOBIOR) regimen, the average Serum tobramycin concen 
tration one hour after dosing was 1.05 lug/mL. 
0412 Sputum parameters (AUC, C, and 2) also 
showed no Statistically significant treatment differences in 
the present study. Mean (tSD) sputum C. results for both 
the 420 mg TSI and the 300 mg TOBIGR) groups (935+1040 
Aug/g VS. 930-795 ug/g, respectively) were consistent with 
results from previous studies.'" Sputum results in the 
present Study were highly variable. By comparison, high 
variability of tobramycin concentration in Sputum was also 
observed in both Phase 3 trials.' Ten minutes after 
inhalation of the first 300 mg dose of TOBIOR in the Phase 
3 trials, the average concentration of tobramycin in Sputum 
was 1237 ug/g (ranging from 35 to 7414 ug/g). Tobramycin 
does not accumulate in Sputum; after 20 weeks of therapy 
with the TOBIOR regimen, the average concentration of 
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tobramycin at ten minutes after inhalation was 1154 ug/g 
(ranging from 39 to 8085ug/g). Two hours after inhalation, 
Sputum concentrations declined to approximately 14% of the 
tobramycin levels measured at ten minutes after inhalation. 
0413 Neither age nor body weight had a statistically 
Significant effect on Serum and Sputum pharmacokinetic 
parameters. In addition, there were no Statistically signifi 
cant correlations between Serum and Sputum AUC and 
between Serum and Sputum C. 
0414 Nebulization time for the test 420 mg TSI formu 
lation was substantially reduced below that observed during 
administration of the marketed 300 mg TOBIOR formulation 
(mean tSD=9.7+3.0 min vs. 18.1+3.6 min, respectively). 
Nebulization times for the marketed 300 mg TOBIGR) for 
mulation were consistent with previous Studies. 40,41 
Therefore, the study achieved a key benchmark with the 
demonstration that the alternative delivery System, consist 
ing of 3.5 mL of a 120 mg/mL (total 420 mg tobramycin) 
Tobramycin Solution for Inhalation (TSI) delivered using a 
PARI LC PLUSTM jet nebulizer driven by an Invacare 
MOBILAIRETM compressor, reduced nebulization time 
below 10 minutes on the average. 
0415 Finally, present findings indicate that the reduced 
nebulization times during administration of the 420 mg TSI 
treatment did not change the pharmacokinetics of tobramy 
cin relative to the marketed 300 mg TOBIOR formulation. 
0416) Safety findings indicate that both a single dose of 
the 420 mg TSI formulation and a single dose of the 
marketed 300 mg TOBIOR formulation were well-tolerated 
by patients with cystic fibrosis. The incidence of broncho 
spasm (>10% relative decrease in FEV) was approximately 
8% for each treatment (two 420 mg TSI and one 300 mg 
TOBIOR patients); a single patient in the 300 mg TOBIOR) 
group had clinically significant bronchoSpasm (210% rela 
tive decrease in FEV). The treatment mean relative 
decrease in FEV was -3.36+5.47% for 420 mg TSI and 
-2.14+9.62% for 300 mg TOBIGR). 
0417. By comparison, in the Phase III trials of TOBICE), 
the median change in FEV 30 minutes after the first dose of 
study drug had been administered was -1.8% in the tobra 
mycin group. At Week 20, the median change in FEV1 was 
-2.0% in the tobramycin group. Because up to 95% of CF 
patients have bronchodilator-responsive airflow obstruction, 
and the within-subject variability for pulmonary function 
tests in CF patients has been documented to be greater than 
in normal patients, a 220% decrease in FEV1 was consid 
ered clinically significant. Twelve of 258 TOBIOR patients 
(4.7%) had a >20% decrease in FEV1 with TOBIOR) admin 
istration. Only two of these patients documented acute 
Symptoms, and no patients had a 220% decrease in FEV1 
more than once with TOBICE). 

0418. The present study also showed that the incidence of 
other treatment-related adverse events was very low (2 of 24 
TSI patients and 1 of 13 TOBIGR) patients=8%) and did not 
differ between treatments. All three patients reported mild to 
moderate decreased pulmonary function test results, and one 
of the three patients also reported Severe cough. Among all 
treatment-emergent AES, events reported most frequently by 
420 mg TSI patients were cough (4 patients 17%), crepita 
tions and Sore throat (13%), and pyrexia, nasal congestion, 
rhinorrhoea, and sputum increased (8%). AES reported most 
frequently by 300 mg TOBIOR patients were cough (3 
patients=23%) and Sore throat, dyspnoea, and rhinorrhoea 
(15%). These events were mostly mild to moderate in 
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intensity (two instances of Severe cough), were most likely 
related to patients underlying cystic fibrosis and other medi 
cal conditions, and were consistent with previous large 
Phase 3 study results.' A single patient experienced 
Serious non-drug-related Symptoms (SAES) indicative of an 
exacerbation of CF. None of the patients in the study were 
withdrawn due to AES, and no other clinically significant 
findings were noted in physical examinations, Vital signs, or 
other Safety measurements that represented an increase in 
risk to patients by reason of administration of Study treat 
mentS. 

CONCLUSIONS 

0419. The findings of the present study indicate that it is 
possible to achieve comparable Serum and Sputum levels of 
tobramycin to the 300 mg TOBIGGR formulation by using 
420 mg TSI formulation. Current findings also indicate that 
the reduced nebulization times used in the 420 mg TSI 
treatment did not change the pharmacokinetics of tobrarny 
cin relative to the marketed 300 mg TOBIOR formulation. 
Mean plasma concentration-time plots for both formulations 
in Serum indicate that tobramycin is rapidly absorbed: all 
Subjects achieved maximum concentrations in the time Span 
of 10 minto 4 h. An elimination phase was also observed in 
the concentration-time profiles, with individual estimates of 
half-life ranging from 1.1 to 6.8 h. In Sputum, maximum 
concentrations were achieved between 15 min and 2 h, and 
individual estimates of half-life ranged from 0.48 to 9.47 h. 
These estimates are consistent with previous Studies. 

0420. The serum and sputum concentration-time curves 
for both treatments were virtually superimposable. Serum 
parameters (C, tas, AUC, CL/F, VZ/F) showed no sta 
tistically Significant differences between the treatment 
groups. Sputum parameters (AUC, C, and 2) also 
showed no Statistically Significant treatment differences. 
Neither age nor body weight had a Statistically significant 
effect on these pharmacokinetic parameters. In addition, 
there were no Statistically Significant correlations between 
Serum and Sputum AUC, and between Serum and Sputum 
C lax 

0421. During administration of the test 420 mg TSI 
formulation, nebulization time was Substantially reduced 
below that observed during administration of the marketed 
300 mg TOBIGR) formulation (mean tSD=9.7+3.0 min vs. 
18.1+3.6 min, respectively). The apparent treatment differ 
ence in change in nebulizer weight likely reflected the 
different starting volumes of TSI and TOBIOR formulations 
in the nebulizer (mean tSD=1.86+0.53 g vs. 2.74+1.64 g, 
respectively). 

0422 Aerosol delivery findings indicate that it is possible 
to achieve comparable Serum and Sputum levels of tobra 
mycin to the 300 mg TOBIOR formulation by using the 420 
mg TSI formulation. Current findings also indicate that the 
reduced nebulization times during administration of the 420 
mg TSI treatment did not change the pharmacokinetics of 
tobramycin relative to the marketed 300 mg 
TOBICE)formulation. 

0423. While the preferred embodiments of the invention 
have been illustrated and described, it will be appreciated 
that various changes can be made therein without departing 
from the Spirit and Scope of the invention. 
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The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 
1. A method of the treatment of a patient in need of Such 

treatment comprising administering to the patient a dose of 
4.0 ml or less of a nebulized aerosol formulation comprising 
from about 60 to about 200 mg/ml of an aminoglycoside 
antibiotic in less than 10 minutes. 

2. A method of claim 1 wherein the dose comprises less 
than about 3.75 ml of the nebulized aerosol formulation. 

3. A method of claim 1 wherein the dose comprises 3.5 ml 
or less of the nebulized aerosol formulation. 

4. A method of claim 1 wherein the aerosol formulation 
comprises from about 80 to about 180 mg/ml of the ami 
noglycoside antibiotic. 

5. A method of claim 1 wherein the aerosol formulation 
comprises from about 90 to about 150 mg/ml of the ami 
noglycoside antibiotic. 

6. The method of claim 1 wherein the aminoglycoside 
antibiotic is Selected from the group consisting of gentamy 
cin, amikacin, kanamycin, Streptomycin, neomycin, netilmi 
cin and tobramycin. 

7. A method of claim 6 wherein the aminoglycoside 
antibiotic is tobramycin. 

8. A method of claim 7 wherein the dose comprises 3.5 ml 
or less of a nebulized aeroSol formulation comprising from 
about 80 to about 180 mg/ml of tobramycin. 

9. A unit dose device, comprising a container containing 
less than about 4.0 ml of an aminoglycoside antibiotic 
formulation comprising from about 60 to about 200 mg/ml 
of an aminoglycoside antibiotic in a physiologically accept 
able carrier. 

10. A unit dose device of claim 9 which contains less than 
about 3.75 ml of the aminoglycoside antibiotic formulation. 

11. A unit dose device of claim 9 which contains 3.5 ml 
or less of the aminoglycoside antibiotic formulation. 

12. A unit dose device of claim 9 wherein the aminogly 
coside antibiotic formulation comprises from about 80 to 
about 180 mg/ml of the aminoglycoside antibiotic. 

13. A unit dose formulation of claim 9 wherein the 
aminoglycoside antibiotic formulation comprises from 
about 90 to about 150 mg/ml of the aminoglycoside antibi 
otic. 

14. A unit dose formulation of claim 9 wherein the 
aminoglycoside antibiotic is Selected from the group con 
Sisting of gentamycin, amikacin, kanamycin, Streptomycin, 
neomycin, netilmicin and tobramycin. 

15. A unit dose formulation of claim 14 wherein the 
aminoglycoside antibiotic is tobramycin. 

16. A unit dose device of claim 9 which contains less than 
about 4.0 ml of aminoglycoside antibiotic formulation com 
prising from about 80 to about 180 mg/ml of tobramycin. 

17. A System for delivering an aminoglycoside antibiotic 
formulation to a patient in need of Such treatment, compris 
ing a unit dose device comprising a container containing leSS 
than about 4.0 ml of an aminoglycoside antibiotic formula 
tion comprising from about 60 to about 200 mg/ml of an 
aminoglycoside antibiotic in a physiologically acceptable 
carrier, and means for delivering the aminoglycoside anti 
biotic formulation from the unit dose device for inhalation 
by the patient in aerosolized form in less that 10 about 
minutes. 


