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ABSTRACT

Introduction: The aim of the present study was

to conduct a review of major publications on

the use of Colobreathe� [colistimethate sodium

dry powder for inhalation (CDPI) via

Turbospin�] for the treatment of cystic

fibrosis-associated pulmonary infections.

Methods: Data for this research were extracted

from original articles and reviews obtained

through a search of the MEDLINE, MEDLINE

in-Process, EMBASE, Cochrane Library,

CINAHL, Web of Science, Conference

Proceedings Citation Index and BIOSIS

Previews databases through July 2015, using

the key words ‘‘Colobreathe,’’ ‘‘colistimethate

sodium dry powder inhalation’’ and ‘‘cystic

fibrosis.’’ Published data on Colobreathe� from

international congresses were also included.

Results: One clinical trial, the phase III

FREEDOM study, found that the use of

Colobreathe� inhalation of 125 mg twice daily

via Turbospin� was non-inferior to inhaled

tobramycin solution. Two reviews of

colistimethate sodium focused on its use and

its efficacy. The relevant outcomes observed

included forced expiratory volume in 1 s

(FEV1% predicted), tolerability, health-related

quality of life (HRQL), ease of use of the

inhalation device, and pharmacokinetics. The

results showed no inferiority for CDPI

compared to inhaled tobramycin solution.

Most of the HRQL scores tended to be in

favour of the dry powder intervention,

although none of the differences were

statistically significant, but good treatment

satisfaction was measured. One study focused

on cost. Five conference abstracts on CDPI

reported good implementation in a ‘‘real world

setting,’’ significant high lung deposition, and

good compliance and tolerability data for

patients who continued to inhale CDPI for

4 weeks.

Conclusions: Studies demonstrated no

inferiority of CDPI to tobramycin inhalation

solution (TIS) in FEV1% predicted, and reported

a preference of patients for the dry powder

inhalation of colistimethate sodium because it

was well tolerated, easier to use, less
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inconvenient and associated with improved

adherence.
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Pulmonary infections; Turbospin�

INTRODUCTION

Cystic fibrosis (CF) is the most common lethal

genetic disease among white populations,

affecting approximately 70,000 persons

worldwide. The leading cause of death is

progressive lung disease, driven by a complex

and diverse inflammatory immune syndrome

induced by acute and chronic recurrent

bacterial infections of the lung [1–3].

The positive development of life expectancy

in CF in recent years has led to a new discussion

on evidence-based medicine, usefulness of

therapy, burden of treatment and

health-related quality of life. In this

discussion, dry powder antibiotic inhalation

interventions such as the Colobreathe� inhaler

play an important role and will be elucidated in

this review.

Pulmonary exacerbations occur often in CF

and are related to a decline in lung function [4]

Therefore, controlling these exacerbations is a

major target in CF treatment. Because of the

high susceptibility of patients with CF to

respiratory tract bacterial infections, oral,

inhaled and intravenous antibiotic treatments

are needed, and evidence-based treatments for

Pseudomonas aeruginosa are already well

established. In addition to P. aeruginosa, the

bacteria most commonly believed to be

pathogenic in CF include Staphylococcus aureus,

Haemophilus influenzae, Stenotrophomonas

maltophilia, Achromobacter xylosoxidans, and

Burkholderia species, although evidence is low

or does not exist [5].

The treatment of the most common bacteria

P. aeruginosa can be deviated into eradication

therapy and suppression therapy. In the case of

first-time cultivation of P. aeruginosa from a

patient’s throat swab or sputum, eradication of

the pathogen is indicated. If a mucoid

phenotype, a consequence of overproduction

of exopolysaccharides alginate, is found in P.

aeruginosa isolates from chronically infected

patients with CF, eradication can no longer be

the target of therapy [6]. The indications for

eradication therapy of P. aeruginosa and the

treatment of chronic pseudomonas infection

are the major focus of inhaled antibiotic

therapy. Currently approved drugs for

inhalation therapy in patients with CF are

tobramycin, colistimethate sodium, and

aztreonam lysine [7].

Eradication Therapy

In terms of eradication therapy, proof of P.

aeruginosa colonization should be determined as

early as possible in order to quickly begin

inhaled antibiotic therapy to prevent the

development of mucus-forming (mucoid)

pseudomonas. The results for eradication of

the non-mucoid P. aeruginosa are 81.2% on

average, with a range of 63% to 100% [5]. For

inhalation with tobramycin and colistin, data

for eradication therapy are available in the

literature.

The ELITE study [8] obtained similar results

for the inhalation of tobramycin solution

300 mg twice daily for eradication therapy of

28 and 56 days. In both groups, the cultures

were negative for P. aeruginosa 1 month after

treatment in over 90% of the patients

examined.

The addition of oral ciprofloxacin to

nebulized tobramycin did not increase the

eradication rate, as evidenced in the EPIC
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study [9]. Inhaled colistin in combination with

ciprofloxacin also showed successful eradication

results at a treatment duration of 3 months [10].

The comparison of inhaled therapy with

colistin and oral ciprofloxacin for 3 months

showed equal effectiveness of eradication

therapy and therapy for 1 month with

nebulized tobramycin [11]. Several different

eradication treatment forms. therefore, appear

promising. Most eradication treatments take

place during childhood. Suppressive therapy in

chronically colonized patients with CF seems to

be a topic in adult patients.

AVAILABLE INHALED ANTIBIOTICS

Aminoglycosides

Aminoglycoside tobramycin was the first

approved aerosol for inhaled antibiotic

therapy (TOBI� tobramycin inhalation

solution [TIS], Novartis), and has therefore

been used successfully for many years in

patients with CF. The dose is 300 mg twice

daily and is prescribed in so-called 4-week on/

off cycles. Patients inhale the drug for 4 weeks,

followed by a 4-week break [12, 13, 14]. Another

tobramycin inhalation solution is offered by the

company Chiesi (Bramitob�). With Bramitob�,

similar to TOBI�, significant improvements in

FEV1(%) were shown in the active treatment

group compared to the placebo group [15].

In addition, a recent US study showed

reduced mortality in patients receiving inhaled

tobramycin compared to the group without

tobramycin inhalation (1.3% versus 2.1% at

2 years, 5.2% versus 8.0% at 5 years and 9.9%

versus 15.0% after 10 years). In this study,

12,740 patients with CF were examined, of

which 2538 had died. This once again

underscores the importance of antibiotic

inhalation as a major treatment option in CF

[16].

Monobactams

Aztreonam lysine is another inhaled antibiotic.

With aztreonam lysine (Cayston�), a drug

within a new class of inhaled antibiotics, the

monobactams, (a monocyclic beta-lactam

antibiotic), was approved in 2010. Because of

its half-life, the antibiotic must be inhaled three

times a day at a dose of 75 mg, with an interval

of 4 h between inhalations being sufficient. For

best bronchopulmonary deposition of

aztreonam lysine, especially for this drug, an

optimized inhalation device—the Altera�

Nebulizer system—was developed by the

company PARI Pharma GmbH.

The efficacy of this device, with a significant

improvement in FEV1, was shown in a study

comparing Cayston� and tobramycin

inhalation solution, with a difference of 7.8%

on day 28 and 2.7% after a total of 24 weeks of

treatment for Cayston. In addition, fewer

exacerbations occurred after 28 days, and an

increase in weight after a 12-month observation

period was observed [17].

Colistimethate Sodium

The efficacy and safety of inhaled colistin was

also demonstrated in several studies among

patients with CF [18, 19, 20]. The efficacy and

safety of the dry powder is discussed in this

manuscript.

Dry Powder Inhalation

In recent years, researchers have focused on

developing new formulations of inhaled

antibiotics and drug-delivery devices. The

Pulm Ther (2015) 1:19–30 21



TOBI� PodhalerTM� and the Colobreathe�

inhaler are the first dry-powder inhaled

antibiotics.

TOBI Podhaler

Tobramycin was developed as a dry powder by

the company Novartis for the use in patients

with CF and chronic P. aeruginosa colonization.

The dose of the TOBI� PodhalerTM� was

addressed in development according to the

pharmacokinetics of tobramycin inhalation

solution, and is inhaled twice daily via a

passive dry powder inhaler T-326 (Podhaler�),

each with 4 capsules containing 28 mg. This

corresponds to a dry powder dose of 128 mg

[21].

The efficacy and safety of tobramycin dry

powder was proven in two studies. In the

EAGER and EVOLVE trials, comparable

tolerability and effectiveness was achieved

with dry powder and an inhalation solution of

tobramycin. The FEV1 improved significantly

during treatment with the TOBI� PodhalerTM�

compared to the placebo group [22, 23]. A great

benefit for patients with the novel dry powder is

the significantly shorter inhalation time, with a

mean 5.6 min inhalation time for the TOBI� dry

powder compared to 19.7 min on average for

the TOBI� solution inhalation (p\0.0001). In

this calculation, the time for cleaning and

sterilization of the inhalation device, which is

also significantly lower for the PodhalerTM�,

was not taken into account [22]. The second dry

powder antibiotic inhalation drug,

Colobreathe�, which is approved in the EU

but not in the US for chronic P. aeruginosa

infections for patients with CF aged [6 years,

will be discussed in this review.

The aim of this review is to discuss the

efficacy, tolerability, pharmacokinetics and ease

of use of the inhalation device and lung

deposition of Colobreathe.

METHODS

A systematic literature review was conducted

regarding the clinical effectiveness,

pharmacokinetics and ease of use of

colistimethate sodium DPI within its licensed

indications for the treatment of chronic P.

aeruginosa lung infection in CF.

Data for this research were extracted from

original articles and reviews obtained through a

search of the MEDLINE, MEDLINE in-Process,

EMBASE, Cochrane Library, CINAHL, Web of

Science, Conference Proceedings Citation Index

and BIOSIS Previews databases through July

2015, using the key words ‘‘Colobreathe,’’

‘‘colistimethate sodium dry powder inhalation’’

and ‘‘cystic fibrosis.’’ Published data on

Colobreathe� from international congresses

were also included. This article is based on

previously conducted studies and does not

involve any new studies of human or animal

subjects performed by any of the authors

(Table 1).

Table 1 Results of literature review for Colobreathe

Conole et al. [30] Review

Uttley et al. [37] Review

Schuster et al. [31] Original article

Tappenden et al. [38] Original article

Su et al. [32] Conference abstract

Goldman et al. [28] Conference abstract

Sapina-Vivo et al. [40] Conference abstract

Cameron et al. [41] Conference abstract

Goldman et al. [33] Conference abstract
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MECHANISM OF ACTION
OF THE COLISTIMETHATE SODIUM
INHALATION POWDER

Colistimethate sodium is an antibiotic drug

from the polymyxins, a group of cationic

polypeptide antibiotics consisting of five

chemically different compounds (polymyxins

A–E), which were discovered in 1947 [24].

Only polymyxin B and polymyxin E (colistin)

have been used in clinical practice. The

colistin base is a cationic, multicomponent

lipopeptide consisting of a cyclic

heptapeptide with a tripeptide side chain

acylated at the N terminus by a fatty acid.

The two major components of colistin are

colistin A (polymyxin E1) and colistin B

(polymyxin E2) [25]. Different

pharmaceutical preparations of colistin may

contain different amounts of these two

components. Colistimethate sodium (also

called polymyxin E) has long been

established as an established inhaled

antibiotic in the treatment of chronic

colonization of the airways by P. aeruginosa

in patients with CF [26].

Antimicrobial activity in colistin and

polymyxin B is mainly directed against the

bacterial cell membrane. The cationic

polypeptides of colistin and polymyxin B

interact with anionic lipopolysaccharide

(LPS) molecules in the outer membrane of

gram-negative bacteria, leading to

displacement of calcium (Ca2?) and

magnesium (Mg2?), which stabilizes the

LPS membrane, thus causing derangement

of the cell membrane. This results in an

increase in cell membrane permeability,

leakage of cell contents, and ultimately cell

death [27–29].

DOSE AND ADMINISTRATION
OF THE COLISTIMETHATE SODIUM
INHALATION POWDER

The Colobreathe� (Forest Laboratories) contains

a dose of 125 mg colistimethate sodium

(equivalent to 1,662,500 IU) and is inhaled

through the so-called Turbospin� inhaler.

Since the total dose is contained in a 125-mg

capsule, the patient has to inhale only one

capsule in the morning and one in the evening.

Average deposition of one inhaled capsule is at

least the average deposition of a nebulized dose

(not less than 2 MU) [30].

According to the literature, this is currently

the fastest way to administer an inhaled

antibiotic, with inhalation time measured at

60 s [30]. With regard to effectiveness, the

pivotal FREEDOM study showed

non-inferiority of Colobreathe� 125-mg twice

daily inhalation via the Turbospin� device

compared to inhaled tobramycin solution [31].

The lung deposition of inhaled colistimethate

sodiumwas analyzed in a randomized open-label

three-way crossover study [32]. Adults with CF (7

males and 3 females) received a total of three

randomly assigned treatments, each

administered on separate study days (72 h

apart): 125 mg radiolabeled colistimethate

sodium DPI via the Turbospin� device, 125 mg

radiolabeled colistimethate sodium DPI via

Turbospin�, preceded by 220 lg salbutamol via

a pressurized metered-dose inhaler and 1 mega

unit (80 mg) of radiolabeled Colomycin�

injection via a MedicAid Ventstream�

nebulizer. The whole lung deposition of

nebulized antibiotic (5.9 ± 3.4) was nearly half

the amountdepositedwith the drypowder either

with (11.9 ± 4.9) or without (11.6 ± 4.3)

salbutamol pretreatment (see Fig. 1). This study
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showed a clear advantage of colistimethate

sodium deposition delivered by the Turbospin�

inhaler compared with the nebulizer.

SYSTEMIC ABSORPTION
OF COLISTIMETHATE SODIUM DRY
POWDER INHALATION

A multicenter, multiple-dose, open-label PK

study in 34 patients with CF chronically

infected with P. aeruginosa investigated the

systemic absorption of inhaled colistimethate

sodium dry powder in three age groups [33]. The

maximum plasma concentration (Cmax) for total

colistimethate sodium was achieved between

0.5 and 1 h post-dose, with less than 350 ng/ml

for the mean of the three age groups (children,

adolescents, and adults; see also Fig. 2). The

mean plasma Cmax for total colistimethate

sodium and free colistin was significantly

below the minimum inhibitory concentration

(MIC)90 against P. aeruginosa (4.0 lg/ml). The

Cmax and AUC0–6 for total colistimethate sodium

and total free colistin were comparable between

children and adolescents, while higher values

were observed in the adult group. High PK

variability (CV% ranged from 50.8% to 81.8%

for the area under the curve [AUC] 0–6 and from

41.3% to 76.1% for Cmax) was observed in all

three age groups. The sputum results revealed a

Cmax for total free colistin at least tenfold higher

than the MIC90 breakpoint for P. aeruginosa.

Plasma levels of colistin were *500 times lower

than documented levels following intravenous

injection of colistimethate sodium [19],

suggesting a low risk of systemic toxicity and

interactions with other drugs. The high levels of

colistimethate sodium and colistin in sputum

are consistent with the intended mechanism of

the drug acting as a topical antibiotic for

patients with chronic pseudomonas lung

infection.

ANTIFUNGAL ACTIVITY
OF COLOMYCIN

Recent in vitro data suggest that colistin may

have fungicidal properties [34], although the

effect of colistin against Aspergillus in vivo is not

known. In a retrospective comparison study of

76 patients with nebulized colistin, 30 patients

with nebulized tobramycin and 28 patients

without nebulized antibiotic therapy, results

revealed that patients who did not receive

Fig. 1 Colistimethate sodium deposited within whole
lung

Fig. 2 Mean total colistin methanesulfonate (CMS) and
total free colistin in plasma across all age groups on day 8
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inhaled antibiotics had significantly lower

Aspergillus-positive cultures in sputum samples

(p = 0.003) and lower Aspergillus-specific IgE

levels (p = 0.001) than patients inhaling an

antibiotic drug. No significant difference was

seen between the colistin and tobramycin

groups aside from the colomycin group, which

received less anti-fungal treatment (p = 0.03)

[35]. The hypothesis that colistin has

anti-fungal activity was prospectively analyzed

by Schemuth et al. [36]. Their study

demonstrated that in addition to its

bactericidal activity, the antibiotic colistin also

showed antifungal activity against

Scedosporium/Pseudallescheria spp., E.

dermatitidis and G. argillacea. In addition,

combining colistin with antifungal substances

demonstrated species-specific reduction in the

MIC values of antifungal agents. Based on these

findings, colistin may be considered as a novel

agent for antifungal therapy in combination

with an antifungal compound.

CLINICAL DATA ON COLOBREATHE

Colobreathe dry powder for inhalation (CDPI)

uses a new encapsulated dry-powder

formulation of micronized colistimethate

sodium administered via a convenient

hand-held inhaler (Turbospin; PH&T, Milan,

Italy). The aim was to increase patient

convenience, which may improve treatment

adherence and clinical outcomes. To this end,

the FREEDOM study—a prospective, centrally

randomized phase III open-label study—was

started.

FREEDOM STUDY

Patients aged C6 years with stable CF with

chronic P. aeruginosa lung infection were

included. Patients were randomized to CDPI

(one capsule containing colistimethate sodium

1,662,500 IU, twice daily) or three 28-day

cycles with a twice-daily 300-mg/5-ml

tobramycin inhaler solution (TIS). The study

duration was 24 weeks, and 380 patients were

randomized. After logarithmic transformation

of data due to non-normal distribution, the

adjusted mean difference between treatment

groups (CDPI vs TIS) in FEV1 change (%

predicted) at week 24 was -0.98% (95% CI

-2.74% to 0.86%) in the intention-to-treat

population (n = 373) and -0.56% (95% CI

-2.71% to 1.70%) in the per-protocol

population (n = 261). The proportion of

colistin-resistant isolates was B1.1% in both

groups. A significantly greater number of

patients receiving CDPI rated their device as

‘‘very easy or easy to use’’ (90.7% vs 53.9%

respectively; p\0.001). However, clear and

comparable data on acute exacerbations, a

highly relevant outcome, are missing [37]. A

similar range of adverse events was seen in

both groups, except for cough, abnormal taste,

and throat irritation, which were more

frequent in the DPI group. Interestingly, these

adverse events were observed only during the

first 4 weeks of treatment, after which no

difference in tolerability between formulations

was seen [31, 38]. This observation is very

important for the prescription of colistimethate

sodium DPI and the expected adherence to the

drug. Prescribers should focus their

communication with patients not only on

efficacy but also on side effects such as cough

and on inhalation techniques. As economic

strategies are becoming more important, this

topic has been discussed in a review, although

the authors conclude that thus far, there have

been no data showing either a cost benefit or

cost deficit for dry powder inhalation [39].
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RECOMMENDED CDPI
INHALATION TECHNIQUES

The importance of communication to patients

was mentioned in the previous chapter, but

additional aspects must be added, as CF

therapeutics now include a growing number of

other dry powders (mannitol, TOBI Podhaler).

Therefore, education is crucial. Flume et al. [40]

previously discussed this topic with regard to

mannitol dry powder inhalation. Similar to

their recommendations, we provide the most

important points for colistimethate sodium dry

powder inhalation via the Turbospin inhaler as

follows:

1. The capsule shouldbe inserted gently into the

chamberwith thewidest endfirst, and should

then be pierced by pushing the piston

upwards until the visible line is reached.

2. Patients should inhale with the head tilted

slightly upward, breathing in deeply at an

even, steady rate sufficient to make the

capsule spin.

3. The rotating capsule will make an audible

‘‘rattle,’’ indicating satisfactory inspiratory

flow.

4. Rapid inhalation may result in cough, in

which case the patient should slow their

inhalation rate.

5. The capsule should be checked after

inspiration, and if powder is still present,

the patient should inhale a second time.

6. After taking in the dose, the patient should

hold their breath for 10 s or for as long as it

is comfortable, before breathing out slowly.

DRY POWDER IN THE ‘‘REAL
WORLD‘‘

The FREEDOM study showed the efficacy of

colistimethate sodium DPI in a phase III trial.

Observational studies representing real-world

scenarios were presented recently in European

and North American CF congresses. The study

group from Liverpool [41] looked at lung

function and adherence during a 3-month

period before and after the introduction of

Colobreathe following a test dose in 17

patients who had previously taken other

forms of colistin, and patient-related

outcomes (PROMs) were measured in nine.

There was no change in FEV1, but eight

patients reported improved adherence due to

a marked reduction in administration time.

Similar results were generated by the study

group from Birmingham [42]. In a prospective

observational cohort study, patients with CF

who were clinically intolerant (INTOL group)

of or demonstrated poor adherence to (ADH

group) nebulized colistimethate sodium were

included. At the 1-month review, 7/10 patients

in the INTOL group and 12/13 in the ADH

group successfully tolerated a full month of dry

powder and planned to continue. The reported

adherence at 1 month was significantly higher

(p = 0.002) with the dry powder colistimethate

sodium (median 100% of doses, interquartile

range [IQR] 80.5–100%) compared with the

nebulized drug (median 50% of doses, IQR

50–86%). Both studies demonstrated patient

preference for dry powder inhalation of

colistimethate sodium, as it was well

tolerated, easier to use, less inconvenient and

associated with improved adherence. Results

comparable to those with colistimethate

sodium dry powder inhalation had previously

been obtained in a real-world study comparing

the safety, effectiveness and tolerability of

tobramycin inhaled powder (TIP) versus

tobramycin inhaled solution (TIS) [43]. Adult

patients with CF commencing TIP (n = 78)

completed a questionnaire assessing safety,

efficacy, tolerability, patient satisfaction and

26 Pulm Ther (2015) 1:19–30



self-reported adherence to TIS at baseline and

during 12 months of TIP therapy. There was a

significant improvement in adherence scores,

with a significant decrease in the number of

intravenous antibiotic courses received during

the 12 months of TIP compared with the

preceding 12 months using TIS. Ninety-four

percent of patients who had previously used

TIS preferred TIP therapy over TIS. This study

demonstrated the important association of dry

powder inhalation with improved adherence

and tolerability, resulting in a reduced

exacerbation rate compared to nebulized

treatment in real-life practice. The advantages

and disadvantages of dry powder inhalation

and inhaled solution are summarized in

Table 2.

THE FUTURE OF CYSTIC FIBROSIS
TREATMENT

Newborn screening, animal models,

biomarkers, innovative drugs (prototypical

cystic fibrosis transmembrane conductance

regulator [CFTR] modulators), and advances in

lung transplantation have moved the field

forward, probably faster than for any other

lung disease in recent years [44–48]. As a

consequence, the mean survival of patients

with CF is steadily increasing and now exceeds

40 years of age in most European countries [49,

50] and beyond [51]. In this context, the burden

of disease and especially the burden of

treatment are of high interest because the aims

in CF should include therapies, which are

feasible in a growing CF population. Although

new therapies targeting the CFTR defect will be

implemented in the future, basic therapies such

as vitamin and enzyme supplementation,

anti-infective and anti-inflammatory therapies,

physiotherapy, and bronchial clearance

therapies will have to be continued. As

inhalation therapy with antibiotics is usually a

lifelong therapy, convenience and satisfaction

with the therapy plays a major role. The ageing

CF population and the high number of drugs, as

well as time needed for CF therapy, will be

positive factors supporting the use of dry

powder inhalation such as colistimethate

sodium or others. A longer duration of

Table 2 Antibiotics: dry powder versus nebulized inhalation

DPI Nebulizer

Short inhalation time Long inhalation time

Fast cleaning Time-consuming cleaning

Without power (‘‘wireless’’) Power needed

Small, easy to carry Larger, more space needed

No refrigeration needed Refrigeration needed (2–8 �C)

Deposition depends on inspiration flow Deposition independent of breathing maneuvers

High throat deposition Less throat deposition

No eradication studies available Several eradication studies performed

Use in children limited Independent of age

Not all drugs available as DPI All approved nebulized antibiotics available
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prospective randomized observation studies is

needed to confirm the results, and studies

should also focus on side effects of dry

powders that can lead to non-adherence.

CONCLUSIONS

In this review, studies demonstrated no

inferiority of CDPI to tobramycin inhalation

solution in FEV1% predicted, and showed

patient preference for the dry-powder

inhalation of colistimethate sodium, as it is

well tolerated, easier to use, less inconvenient

and associated with improved adherence.
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