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The purpose of VA PBM Services drug monographs is to provide a comprehensive drug review for making formulary decisions. These documents will be updated when new clinical data warrant additional formulary discussion. Documents will be placed in the Archive section when the information is deemed to be no longer current.
Introduction
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating tobramycin inhalation power for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1-5
Tobramycin is an aminoglycoside; it inhibits protein synthesis. 
Tobramycin inhalation powder is formulated into capsules for inhalation using the Podhaler device.  Each capsule requires at least two inhalations; thus, the inhalation time for entire 112mg dose (4 capsules) is approximately 4-6 minutes.  The Podhaler is a portable device and does not require electricity or batteries.  Following the administration of the entire dose, the Podhaler’s mouthpiece should be wiped with a clean, dry cloth and placed back in storage case.  It should not be washed with water.  The Podhaler should only be used for one week and then replaced with a new device.  
In comparison, tobramycin inhalation solution is formulated into an ampule for inhalation using a Pari Lc Plus reusable nebulizer and DeVilbiss Pulmo-aide air compressor.  The inhalation delivery time is approximately 15 minutes.   Following administration of the tobramycin dose, the nebulizer needs to be cleaned by washing all parts except tubing with warm water and liquid dish soap. 
Table 1. Serum and Sputum Pharmacokinetics Following a Single Dose of Tobramycin Inhalation Powder and Tobramycin Inhalation Solution in Cystic Fibrosis Patients 
	Pharmacokinetic Parameter
	Tobramycin Inhalation Powder

Dose of 112mg
	Tobramycin Inhalation Solution

Dose of 300mg

	Serum Cmax (mcg/mL)
	1.02 ± 0.53
	1.04 ± 0.58

	Serum Tmax (hrs) 
	1
	1 

	Serum AUC(0-12) (mcg · hr/mL)
	4.6 ± 2.0  
	4.8 ± 2.5  

	Serum Elimination t1/2 (hrs)
	~3
	~3

	Sputum Cmax (mcg/g)
	1048 ± 1080
	737 ± 1028 


FDA Approved Indication(s)1 

Tobramycin inhalation powder is indicated for the management of cystic fibrosis patients with Pseudomonas aeruginosa.  The safety and efficacy have not been demonstrated in the following patients 1) under 6 years old 2) forced expiratory volume in 1 second (FEV1 ) <25% or >80% predicted or 3) patients colonized with Burkholderia cepacia. 
Potential Off-label Uses2
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
At this time, clinical trials are not being conducted on the use of tobramycin inhalation powder for additional indications.  There is a potential for off-label use in patients with cystic fibrosis that are harboring Gram-Negative(s) other than P. aeruginosa and/or less than 6 years old.  There is a potential for off-label use in patients without cystic fibrosis (e.g., treatment of bronchiectasis or adjunct therapy to intravenous antibiotics for pneumonia).
Current VA National Formulary Alternatives

There are currently no FDA-approved antibiotics for inhalation on the VANF.  
Dosage and Administration1
The recommended dose is four 28mg tobramycin inhalation powder capsules twice daily for 28 days using the Podhaler device for repeated cycles of 28 days followed by 28 days off drug.  Each dose should be taken as close to 12 hours apart as possible and at least 6 hours apart.  
Please refer to the Instructions for Use for administration in the prescribing information for detailed administration instructions with illustrations.   Briefly, one capsule should be placed in the capsule chamber at the top of the Podhaler device, mouthpiece re-assembled, and then press the blue button to pierce capsule.  For administration, the patient should exhale and then with mouth and lips tightly around mouthpiece inhale deeply with a single breath.  Next remove Podhaler device from mouth and hold breathe for about 5 seconds and then exhale normally away from Podhaler device.  Take a few normal breaths away from Podhaler device.  Follow same breathing patterns for second inhalation.   At this time, unscrew the mouthpiece and confirm that the capsule has been pierced and empty prior to replacing with new capsule and repeating administration of next dose.  The entire 112mg dose requires 4 capsules being inhaled separately (i.e, one after another).  The entire delivery time for entire 112mg dose is approximately 4-6 minutes. 
For patients prescribed other inhaled medications and/or performing chest physiotherapy, the physician should recommend the sequence of these therapies. The prescribing information recommends that tobramycin inhalation be taken last.   

The tobramycin inhalation powder capsules can only be used with the Podhaler device. Similarly, the Podhaler device can only be used with tobramycin inhalation powder capsules (and not any other medications).  
Each tobramycin inhalation powder package contains 28 day therapy including Podhaler devices.  It is packaged as 4 weekly packs of 56 capsules (7 blister cards of 8 capsules) and Podhaler device with storage case.   A new Podhaler device should be used every 7 days.  In addition, one reserve Podhaler device with storage case is provided in the package.   
Efficacy1,3-5
Efficacy was primarily evaluated in two placebo-controlled studies described as Study 2 and 3 in the prescribing information and in the efficacy section below.  In comparison, Study 1 was the primary safety analyses comparing tobramycin inhalation powder to tobramycin inhalation solution; efficacy results are not reported in this section.  For Study 2 and 3, all cystic fibrosis patients enrolled were between 6 and 21 years old with an FEV1 within the range of 25% to 80% of predicted normal values and harbored P. aeruginosa in the lungs.  Patients could receive concurrent therapies for cystic fibrosis including mycolytics, bronchodilators, inhaled steroids, and macrolides; however, patients were excluded for previous antipseudomonal therapy (i.e., inhaled within 4 months prior to screening or systemic therapy within 28 days of study drug).  If patients required antipseudomonal therapy for signs and/or symptoms of study drug, they were required to withdrawal from the study.  
Study 2 was a double-blind, placebo-controlled trial that randomized cystic fibrosis patients to tobramycin inhalation powder or placebo for the first cycle (i.e., 28 days on therapy and 28 days off therapy). The results of the first cycle are shown in Table 2.   For cycle 2 and 3, all patients received tobramycin inhalation powder.  Please note that the study was stopped early for demonstrated benefit.  
Table 2.  Primary and Selective Secondary Efficacy Endpoints for Study 2
	
	Tobramycin Inhalation Powder
(n=46)
	Placebo
(n=49)
	Statistical Analysis

	Primary Efficacy Endpoint 
	

	Relative change in FEV1 predicted from baseline to end of cycle 1 dosing
	12.54%
	0.09%
	95% CI: 4.89, 20.00

P=0.002

	Secondary Efficacy Endpoints
	

	New Antipseudomal Use
	13.1%
	18.4%
	NA

	Respiratory-related hospitalizations 
	4.4%
	12.2%
	NA


NA: not available; analyses not described in prescribing information 
Study 3 was also a double-blind, placebo-controlled trial that randomized cystic fibrosis patients to tobramycin inhalation powder or placebo for one cycle (i.e., 28 days on therapy and 28 days off therapy). The primary efficacy endpoint was not significant (Refer to Table 3).   The authors noted that this study was under-powered due to barriers in recruiting patients; the barriers sited included placebo-controlled design and excluding patients with previous inhaled anti-pseudomonal therapy within 4 months prior to screening.
Table 3.  Primary Efficacy Endpoints for Study 3
	
	Tobramycin Inhalation Powder
(n=32)
	Placebo
(n=30)
	Statistical Analysis

	Primary Efficacy Endpoint 
	

	Relative change in FEV1 predicted from baseline to end of cycle 1 dosing
	8.19%
	2.27%
	95% CI: -2.54, 14.37

P=0.167


Adverse Events (Safety Data)1
Safety was evaluated in 425 patients with cystic fibrosis receiving at least one dose of tobramycin inhalation powder, which included 273 patients that received 3 cycles of therapy (i.e., 6 months).  Each cycle is 28 days on treatment and 28 days off treatment.  Please refer to prescribing information for full details of adverse events.  Study 1 was the primary safety analyses and results described below; it was a randomized, open-label trial comparing tobramycin inhalation powder (n=308) and tobramycin inhalation solution (n=209) for cycles of therapy.  In Study 1, tobramycin inhalation powder had higher discontinuation rates compared tobramycin inhalation solution (27% vs 18%, respectively).  Discontinuations due to adverse events were 14% vs 8%, respectively.  In Study 1, respiratory related hospitalizations occurred in 24% vs 22%, respectively.  An increase in new usage of antipseudomonal antibiotics occurred in 65% of patients receiving tobramycin inhalation powder compared to 55% of patients receiving tobramycin inhalation solution.   Median time to first antipseudomonal usage was 89 days and 112 days, respectively.  
Deaths and Other Serious Adverse Events 

Deaths were not mentioned in the prescribing information.   Adverse events reported in Study 1 occurring in <2% of patients receiving tobramycin inhalation powder compared to tobramycin inhalation solution were bronchospasm (1.6% vs 0.5%); deafness (1.0% vs 0.5%) and tinnitus (1.9% vs 2.4%).  
Common Adverse Events
Table 4. Adverse reactions reported in Study 1 (occurring in ≥5% of tobramycin inhalation powder) 
	
	Tobramycin inhalation powder

(n=308)

%
	Tobramycin inhalation solution

(n=209)
%

	Respiratory, thoracic, and mediastinal disorders

	Cough
	48.4
	31.1

	Lung disorder
	33.8
	30.1

	Productive cough
	18.2
	19.6

	Dysphonia
	15.6
	12.4

	Oropharyngeal pain
	14.0
	10.5

	Dysphonia
	13.6
	3.8

	Hemoptysis
	13.0
	12.4

	Nasal congestion
	8.1
	7.2

	Rales
	7.1
	6.2

	Wheezing
	6.8
	6.2

	Chest discomfort
	6.5
	2.9

	GI Disorders 

	Nausea
	7.5
	9.6

	Vomiting
	6.2
	5.7

	Other

	Upper respiratory tract infection
	6.8
	8.6

	Pulmonary function test decreases
	6.8
	8.1

	Headache
	11.4
	12.0

	Pyrexia
	15.6
	12.4


Contraindications
· Known hypersensitivity to aminoglycoside
Warnings and Precautions

· Caution should be exercised when prescribing tobramycin inhalation powder to patients with known or suspected auditory, vestibular, renal, or neuromuscular dysfunction 

· Ototoxicity (i.e, hearing loss or tinnitus), bronchospasm or aggravation of muscle weakness because of a potential curare-like effect on neuromuscular function may occur with tobramycin inhalation powder

· Audiograms, serum concentrations, and renal function should be monitored as appropriate 

· Fetal harm can occur when aminoglycosides are administered to a pregnant woman 

Refer to prescribing information for more information on these warning and precautions. 

Special Populations for Adult Population
Pregnancy:  Pregnancy category D
Nursing Mothers:  It is not known that amount of drug that is excreted in human milk; due to the potential for ototoxicity and nephrotoxicity in infants, a decision should be made whether to stop nursing or discontinue the drug, taking into account the importance of the drug to the mother.
Geriatric Use:  Clinical studies of tobramycin inhalation powder did not include sufficient numbers of subjects aged 65 years and over to determine whether they respond differently from younger subjects. Tobramycin is known to be substantially excreted by the kidney, and the risk of adverse reactions to this drug may be greater in patients with impaired renal function. Because elderly patients are more likely to have decreased renal function, it may be useful to monitor renal function.
Renal Impairment:  Tobramycin is primarily excreted unchanged in the urine and renal function is expected to affect the exposure to tobramycin. The risk of adverse reactions to this drug may be greater in patients with impaired renal function. Patients with serum creatinine > 2 mg/dL and blood urea nitrogen (BUN) > 40 mg/dL have not been included in clinical studies; there are no data in this population to support a recommendation regarding dose adjustment with tobramycin inhalation powder. 
Hepatic Impairment:  No studies have been performed in patients with hepatic impairment. As tobramycin is not metabolized, an effect of hepatic impairment on the exposure to tobramycin is not expected.
Organ Transplantation:  Adequate data do not exist for the use of tobramycin in patients after organ transplantation.
Sentinel Events

No data 
Look-alike / Sound-alike (LA / SA) Error Risk Potential
As part of a Joint Commission standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	Tobramycin inh pwd 28mg cap

Tobi-Podhaler
	Vancomycin

None
	None
None
	None
None
	Tobramycin inh solution; tobramycin oph soln; 
Tobi inh solution


Drug Interactions1
No drug interaction studies have been conducted with tobramycin inhalation powder. The prescribing information recommends avoiding concurrent and/or sequential use with drugs that have potential to cause neurotoxic, nephrotoxic or ototoxic effects.  In addition, tobramycin inhalation powder should avoid concurrent administration with ethacrynic acid, furosemide, urea or mannitol.  
Acquisition Costs
Refer to VA pricing sources for updated information.

Conclusions

Both tobramycin inhalation powder and tobramycin inhalation solution are FDA approved for the management of cystic fibrosis patients with Pseudomonas aeruginosa.  These different dosage formulations have different modes of delivery.  The tobramycin inhalation powder is administered through a portable, hand-held device with a delivery time of 4-6 minutes while the tobramycin inhalation solution is administered using a Pari Lc Plus reusable nebulizer and DeVilbiss Pulmo-aide air compressor with a delivery time of approximately 15 minutes. In the open-label clinical trial, tobramycin inhalation powder had higher discontinuation rates compared tobramycin inhalation solution (27% vs 18%, respectively).  
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