
© 2014 Koerner-Rettberg and Ballmann. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial 
(unported, v3.0) License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted 

without any further permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press 
Limited. Information on how to request permission may be found at: http://www.dovepress.com/permissions.php

Core Evidence 2014:9 99–112

Core Evidence Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
99

R E v i E w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/CE.S64980

Colistimethate sodium for the treatment  
of chronic pulmonary infection in cystic fibrosis: 
an evidence-based review of its place in therapy

Cordula Koerner-Rettberg
Manfred Ballmann
Department of Pediatric Pneumology, 
University Children’s Hospital of 
Ruhr University Bochum at St Josef-
Hospital, Bochum, Germany

Correspondence: Manfred Ballmann 
DRK Kinderklinik Siegen, Wellersbergstr 
60, 57072 Siegen, Germany 
Tel +49 2712 345 225 
Fax +49 2712 1955 
Email manfred.ballmann@drk-
kinderklinik.de

Abstract: Chronic bacterial respiratory-tract infections are a major driving force in the 

pathogenesis of cystic fibrosis (CF) lung disease and promote chronic lung-function decline, 

destruction, and progression to respiratory failure at a premature age. Gram-negative bacteria 

colonizing the airways in CF are a major problem in CF therapy due to their tendency to develop 

a high degree of resistance to antibiotic agents over time. Pseudomonas aeruginosa is the 

dominating bacterial strain infecting the CF lung from early childhood on, and multiresistant 

strains frequently develop after years of therapy. Colistin has been used for treating pulmonary 

bacterial infections in CF for decades due to its very good Gram-negative activity. However, 

drawbacks include concerns regarding toxicity when being applied systemically, and the lack of 

approval for application by inhalation in the USA for many years. Other antibiotic substances 

for systemic use are available with good to excellent Gram-negative and anti-Pseudomonas 

activity, while there are only three substances approved for inhalation use in the treatment of 

chronic pulmonary infection with proven benefit in CF. The emergence of multiresistant strains 

leaving nearly no antibiotic substance as a treatment option, the limited number of antibiotics 

with high activity against P. aeruginosa, the concerns about increasing the risk of antibiotic 

resistance by continuous antibiotic therapy, the development of new drug formulations and 

drug-delivery devices, and, finally, the differing treatment strategies used in CF centers call for 

defining the place of this “old” drug, colistimethate, in today’s CF therapy. This article reviews 

the available evidence to reflect on the place of colistimethate sodium in the therapy of chronic 

pulmonary infection in CF.
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Clinical impact summary for colistimethate sodium in the treatment of chronic 
pulmonaryinfectionincysticfibrosis

Outcome measure Evidence Implications
Disease-oriented  
evidence

Demonstrates efficacy for the  
treatment of chronic pulmonary  
Pseudomonas aeruginosa infection in CF

May be used when other 
agents lack sufficient clinical 
response and/or are resistant

Other agents might have a bigger  
effect on lung function
Shows efficacy for the intravenous  
treatment of P. aeruginosa-related  
pulmonary exacerbations

Nephro-/neurotoxicity is a 
manageable risk
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(Continued)
Outcome measure Evidence Implications

Patient-oriented 
evidence

Fewer randomized clinical trials exist  
than for alternative drugs

Careful monitoring for 
potential adverse events is 
mandatory

Lacking data on optimal dosing Dosing should be within 
the range of actual 
recommendations

Dry-powder preparation available  
with proven efficacy

Treatment with optimized 
patient ease is possible

Economic evidence Within the range of the costs  
of alternative drugs

Cost-effective

Introduction
Chronic pulmonary infection is a hallmark of cystic fibrosis 

(CF) disease. Lung damage due to chronic airway infection 

is still the main cause of morbidity and death in CF patients.1 

Lung infection, concomitant inflammation, and structural 

damage are interrelated processes in CF. Therefore, the treat-

ment of lung infection to reduce its impact on pulmonary 

health in CF is of foremost importance. Multiple strategies 

have been employed to postpone the time of chronic infec-

tion after initial colonization of the lower respiratory tract 

with Pseudomonas aeruginosa and to minimize the effects 

of infection once the chronic infection is established, having 

improved the median survival of CF patients to more than 

40 years.2

Regular microbiological surveillance measures have 

been implemented in routine CF care in order to detect 

infection/colonization as early as possible. Different treat-

ment protocols with the aim of eradicating a colonizing 

pathogen have emerged.3–8 However, the issue as to which 

eradication regimen is superior is still open and beyond the 

scope of this article.

The rationale behind treatment strategies for established, 

chronic bacterial pulmonary infection is to reduce bacterial 

load and maintain lung function, or, ideally, restore some 

of the lost lung function, while endeavoring to ensure the 

designed treatment has the best effect and fewest possible 

adverse events and long-term resistance problems.  Antibiotic 

interventions are used in chronic maintenance therapy, 

repeated intermittent antibiotic treatments, and interventions 

at times of exacerbation.

While, at an early age, strains such as Staphylococcus 

aureus and Haemophilus influenzae are the predominant colo-

nizing organisms in the CF respiratory tract, from adolescence 

on, P. aeruginosa gains major importance and reaches a 

prevalence of 80% in adult patients.2 Stenotrophomonas 

maltophilia, methicillin-resistant Staphylococcus aureus 

(MRSA), Achromobacter xylosoxidans, and Burkholderia 

species are other well-known but less common pathogenic 

microorganisms colonizing the CF lung.2

Due to its typical susceptibility pattern, there are only a lim-

ited number of antibiotic substances suitable for the treatment 

of P. aeruginosa, and they are – except for oral chinolones 

(eg, ciprofloxacin) – exclusively antibiotics for parenteral or 

inhalation administration. Antibiotic treatment via the inha-

lation route is sensible in CF pulmonary infection, because 

the infected lower conducting airways are easily accessed by 

aerosol or powder inhalation preparations, resulting in high 

drug concentrations on the mucous membrane and sputum, the 

relevant sites of infection. Further, inhalation therapy is suit-

able for treatment in the home setting, enabling the long-term 

continuous treatment of chronic pulmonary infection.

Colistin has been used systemically and by inhalation in 

P. aeruginosa-related CF therapy in Europe for decades.9 

From the 1980s, inhaled tobramycin was also increasingly 

used for treatment of chronic P. aeruginosa pulmonary infec-

tion, with well-proven benefits by the end of the 1990s,10,11 

which led to the approval of tobramycin inhalation solution in 

chronic P. aeruginosa infection in CF by 2001. Tobramycin 

had been used for a long time before as intravenous solution 

and off-label for inhalation.9,12,13

In recent years, as a consequence of multiresistant strains 

evolving, there has been a search for new antibiotic agents. 

Aerosolized aztreonam was approved in 2010,14–16 and some 

other “old” antibiotics are in the pipeline for inhalation 

application,17 but the available antibiotics with which to 

treat multiresistant Gram-negative bacteria still remain very 

limited. At present, the three antibiotics tobramycin, colis-

timethate sodium, and aztreonam lysine are the only ones 

approved for inhalation therapy, partly existing with different 

preparations (as inhalation solution and dry powder).

Therefore, the question arises about which treatment is 

best for the individual patient. Can a decision be made about 

recommending a treatment as first-line therapy for chronic 

P. aeruginosa infection in CF? What do recent comparative 
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studies teach us? Possible factors to consider are the individual 

patient’s lung function or severity of disease, their possible 

preference (in terms of substance and inhalation device), the 

strain’s resistance pattern, and the patient’s individual toler-

ance or risk profile concerning drug side effects. What is the 

place of colistin in combination or sequential therapies? For 

colistin, as a very “old” agent, are dosing issues sufficiently 

solved? What is the place of colistin in non-Pseudomonas 

Gram-negative chronic pulmonary infections in CF?

This review evaluates colistimethate sodium in terms of 

its place in therapy for chronic pulmonary infection in CF.

Methods
Data for this review were obtained through literature searches 

of publications included in PubMed until December 2013, 

references cited in relevant articles, and the World Wide 

Web. The main search terms used in the PubMed search were 

“colistin”, “polymyxin E”, “colistimethate sodium”, “cystic 

fibrosis”, “chronic pulmonary infection”, “exacerbation”, 

“nephrotoxicity”, “neurotoxicity”, “efficacy”, and “antibiotic 

treatment”. Only English-language papers were included.

Colistin: chemical structure, 
mechanism of action, and available 
formulations
“Colistin” (polymyxin E) is a multicomponent polypeptide 

antibiotic composed of colistin A and B belonging to the 

polymyxin group. It consists of a cyclic heptapeptide joined 

to a tripeptide side-chain acylated at the amino terminus 

by a fatty acid (Figure 1). The amino acid components 

in the molecule of colistin are D-leucine, L-threonine, 

and L-α-γ-diaminobutyric acid. Polymyxin B (another 

antimicrobial agent from the polymyxin group) has the 

same structure as colistin (polymyxin E) but contains 

D- phenylalanine instead of D-leucine, and is reported to 

cause more side effects, including bronchospasm, than 

colistin,18 therefore is not in use for inhalation.

Colistin has an antibacterial activity mainly against 

Gram-negative organisms. It is well known to have excel-

lent activity against P. aeruginosa, but its spectrum of 

activity also comprises Escherichia coli, Enterobacter spp., 

Salmonella, Shigella, Klebsiella spp., and Acinetobacter 

baumannii, but Burkholderia spp., Serratia, and Proteus 

spp. are resistant.19

Colistin exists in two commercially available forms: 

colistin sulfate and colistimethate sodium. Colistin can be 

administered orally, topically, intramuscularly, intrathecally, 

intravenously, or by inhalation. As colistimethate sodium 

is the form with less toxicity and fewer side effects, it is 

the form administered systemically and by inhalation. It 

is converted in vivo to various derivatives, including the 

positively charged colistin base, which is the active form 

with antibacterial activity. Colistin acts on the bacterial cell 

membrane by binding to the LPS (lipopolysaccharide) com-

ponent of the outer membrane of sensitive Gram-negative 

bacteria, increases cell permeability and leads to cell lysis 

and bacterial cell death.20 The antibacterial activity of colistin 

is concentration dependent (bacteriostatic in low concentra-

tions and rapidly bactericidal in higher concentrations). At 

higher concentrations, a prolonged post-antibiotic effect 

can be observed.21,22 Because colistin uses its own uptake 

mechanism into the cell wall, it is not dependent on passive 

diffusion through porin channels, and is merely susceptible 

to the action of efflux pumps. Therefore, resistance against 

colistin develops quite rarely.

History of colistimethate  
sodium use in CF therapy  
and other indications
Colistin was initially discovered in Japan in 1947 from differ-

ent species of Bacillus polymyxa, and was first used in 1959 

for the treatment of multiresistant Gram-negative bacterial 

infections. Subsequently, it was quite frequently used during 

the 1960s and early 1970s, but toxicity (nephro- and neuro-

toxicity) was a serious issue, severely restricting the use of 

colistin after the early 1970s, when other antibiotic agents 

with good Gram-negative activity and a lower toxicity poten-

tial replaced it for systemic first-line therapy.23 In the past 

15 years, the emergence of nosocomial infections – that is, 
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Figure 1 Chemical structure of colistin.
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ventilator-associated pneumonia, bacteremia, and other 

infections in intensive care due to multidrug-resistant Gram-

negative bacteria – and the absence of new antibiotics against 

multiresistant Gram-negative strains have led to the revival 

of colistin as a salvage therapy for these indications. Recent 

studies suggest that colistin administered as monotherapy 

or in combination is an effective antimicrobial agent for 

multidrug-resistant Gram-negative bacterial infections has a 

safer profile than previously assumed.24 For these indications, 

colistin is now commonly administered intravenously. It is 

also used as an aerosol for ventilator-associated pneumonia 

treatment and intraventricularly/intrathecally for meningitis 

and ventriculitis treatment.25–27 However, randomized con-

trolled trials assessing optimal benefit are missing and dosing 

issues are still under debate.

For many years, frequent systemic anti-Pseudomonas 

antibiotic treatment cycles have been one of the cornerstones 

of CF therapy. Colistin was used frequently for this purpose 

in the 1960s and early 1970s, since historically it is among 

the earliest substances used for P. aeruginosa treatment, 

due to its high activity against P. aeruginosa, even multi-

resistant strains. The mentioned toxicity concerns and the 

emergence of aminoglycosides and other antibiotics with 

strong anti-Pseudomonas activity then led to some decline 

in its use. However, from the late 1980s, colistin again 

came into frequent use in CF, parenterally and by inhalation 

(especially in the UK), long before its revival outside of this 

indication.28,29

The observation that the treatment effects of intravenous 

anti-Pseudomonas therapies decline within a few months of 

therapy called for additional strategies to control chronic 

infection between systemic treatment intervals. An inhalation 

therapy combines the advantage of achieving high concen-

trations in the respiratory tract while avoiding systemic side 

effects. Further, it has the advantage of being applicable in 

a safe and convenient way in a home setting. In the 1980s, 

antibiotic therapy via inhalation started to be employed 

in some small studies, using several different antibiotic 

substances including β-lactams, aminoglycosides, and 

colistin.30–32 Since no approved formulations for inhalation 

were available, intravenous drug formulations were used, 

and the selected doses resulted from the package size of 

the intravenous agent rather than from preclinical safety 

and efficacy testing. Whereas early studies showed serious 

deficits concerning power/sample size and study design,30 

in the 1990s, inhaled tobramycin proved to be effective in 

treatment of chronic P. aeruginosa infection in the first well-

designed clinical studies of sufficient size.10,11 As data and 

experience with inhaled tobramycin accumulated, it evolved 

as first-line therapy for chronic P. aeruginosa colonization 

in many CF centers,33–35 and for many years it has been the 

only substance administered via inhalation in the USA, where 

aerosolized colistin lacks US Food and Drug Administration 

approval. This was different in Europe, from where much 

of the experience with colistin has come, as aerosolized 

colistin has been traditionally used in this part of the world 

for P. aeruginosa eradication and exacerbation therapies for 

decades,9 with approval in 1986 (Colomycin), and it is still 

in frequent use as a first- or second-line substance for the 

treatment of chronic suppressive P. aeruginosa depending 

on CF center policy.

Efficacyofinhaledcolistimethate
sodium in CF patients with chronic 
pulmonary infection
The first small study with colistin administered by inhala-

tion in CF had an open, non-placebo-controlled design.36 

A positive clinical effect (rate of sputum colonization) 

was demonstrated in CF patients in the setting of an early 

P. aeruginosa infection. This was well in line with other 

small controlled studies using other antibiotic agents such 

as gentamicin, carbenicillin, and amikacin via inhalation 

during the early 1980s. The first placebo-controlled study of 

colistin inhalation in CF patients with chronic P. aeruginosa 

lung infection was conducted by Jensen et al.28 In that pro-

spective, double-blind, placebo-controlled clinical trial with 

consecutive randomization of chronically P. aeruginosa-

infected CF patients to active treatment and placebo arms, 

40 patients aged 7 to 35 years were treated with 1 million 

units of colistimethate sodium or normal saline twice daily 

over 3 months. Before the start of the colistimethate sodium 

inhalation treatment, a 2-week intravenous treatment with 

tobramycin plus β-lactam antibiotics was administered. 

A treatment benefit (ie, superiority to placebo) in terms of 

clinical-symptoms score, maintenance of pulmonary func-

tion, and some inflammatory reaction was demonstrated, and 

the treatment was well-tolerated and caused no resistance 

problems. However, the effect on lung function was rather a 

reduction in lung function decline than a rise in lung func-

tion compared with the level of lung function at the start of 

the study. A strategy of inhalation colistin treatment as an 

adjunct to regular intravenous therapy has been proposed by 

the authors on the basis of this study. The same Copenhagen 

CF center compared patient outcome after early and aggres-

sive repetitive colistin inhalation treatments (partly alongside 

oral ciprofloxacin) on every occasion P. aeruginosa was 
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grown from the airways, with the historical patient outcome 

before colistin treatment was implemented.37 A benefit in 

the treatment group could be demonstrated, with not only 

the postponement of chronic P. aeruginosa infection but 

also an impact on lung function. A meta-analysis evaluat-

ing the different early studies on inhaled anti-Pseudomonas 

agents in CF therapy pointed out significant methodological 

shortcomings as far as study design and patient number 

are concerned.30 However, Mukhopadhyay et al concluded 

that the assumption can be made that treatment of chronic 

pulmonary CF lung infection by inhaled antibiotics, includ-

ing colistin, is beneficial, as it improves lung function and 

reduces pulmonary exacerbations. This conclusion was 

shared by the authors of a review on all studies addressing 

this question published between 1965 and 1995.31 In that 

review, the authors found that most studies showed a reduc-

tion in hospital admissions and an improvement in lung 

function. No renal or ototoxicity was seen, and, while the 

induction of resistance to the used inhaled antibiotics was 

infrequent in the majority of the trials, it was up to 30% in 

some studies.

In the 1990s, two well-designed multicenter, randomized, 

placebo-controlled studies investigated the effect of tobramy-

cin inhalation solution.10,11 In these trials, a marked effect of 

inhaled tobramycin could be demonstrated on lung function 

in terms of improvement in forced expiratory volume in 

1 second (FEV1) from a pretreatment level of around 10% 

during a 28-day course,10 which persisted during a 24-week 

period of on–off treatment cycles.11 Also, the exacerbation 

rate and P. aeruginosa sputum count decreased. Comparable 

effects on lung function were achieved in further studies 

using tobramycin inhalation solution.38–41

Large randomized controlled studies investigating 

colistin versus placebo are missing, and the effect on lung 

function versus placebo stated in the existing colistin trials 

was inferior to that demonstrated by inhaled tobramycin. 

However, concerns about increasing resistance rates by 

continuous antibiotic therapy and the availability of two 

substances for treatment of chronic P. aeruginosa infection 

with proven efficacy called for direct comparative studies 

of these agents. The first trial to directly compare nebulized 

tobramycin with colistin in a randomized controlled setting 

showed equal outcomes in terms of P. aeruginosa sputum 

density, resistance rates, and safety aspects. However, with 

tobramycin, a rise in lung function (FEV1 improvement of 

6.7% from baseline, biggest effect in the pediatric/adolescent 

age group) was demonstrated after the 28-day treatment 

course, whereas, there was no significant effect on lung 

function with colistin.42 These results are in line with the 

already mentioned studies comparing these agents against 

placebo, and suggest that nebulized tobramycin is superior 

to colistin in the treatment of CF patients with chronic  

P. aeruginosa infection. However, there was a marked bias 

toward pretreatment of patients with inhaled colistin in the 

previous 6 months, with a very small number of patients 

having been treated with aerosolized tobramycin before. 

This may have influenced the outcome because of different 

susceptibilities toward the two agents and, possibly, different 

anticipations by the patients, as the study was not designed 

double blind. What is more, the colistin dose used was half 

that commonly used in adults.43 Yet a small open follow-

up study44 of the study by Hodson et al42 with a treatment 

duration of a further 5 months confirmed the results of the 

shorter study, showing tobramycin to be superior to colistin 

in terms of its effect on lung function.

Recently, new powder preparations of the “old” antibiot-

ics tobramycin and colistin have been developed to decrease 

the treatment burden by shortening the time for regular inha-

lation and increasing convenience in handling. Colistimethate 

sodium dry powder (Colobreathe DPI®; Forest Laboratories 

UK Ltd, Dartford, UK)45 was the second drug to be licensed 

for treatment of chronic P. aeruginosa pulmonary infection in 

CF in 2013 after tobramycin dry powder (Tobi® Podhaler™; 

Novartis Pharmaceuticals Corporation, East Hanover, NJ, 

USA) in 2011.46,47 In the Freedom study, a multicenter, pro-

spective, centrally randomized, Phase III open-label study, 

colistimethate sodium dry-powder formulation inhaled 

via the Turbospin® device (PH&T SpA, Milan, Italy) was 

compared with classic tobramycin nebulizer solution.45 The 

primary outcome measure was change in mean FEV1% pre-

dicted from baseline after 24 weeks of treatment. Colistin was 

inhaled continuously over the duration of the study, whereas 

tobramycin was given on an on–off cycle basis according 

to the treatment regime applied in previous tobramycin 

Phase III regulatory trials. Importantly, all patients had to 

be treated with at least two 28-day cycles of tobramycin 

inhalation before randomization to either treatment arm, and 

the majority of patients had a history of pretreatment with 

aerosolized tobramycin for a median of 2 years. A total of 

374 patients were included in the study (intention to treat); 

colistin was demonstrated to be non-inferior in terms of 

lung function throughout the 24 weeks of the study. This is 

in contrast to previous comparative studies in which colistin 

was found to be inferior to tobramycin; the reasons for this 

might be the relatively high dose of colistin (16,625 Mio IU) 

used twice daily in this study and the fact that the majority 
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of patients in the colistin powder study had been pretreated 

with tobramycin for a long time (years) while possibly being 

naïve for colistin.

No significant difference in overall quality-of life score was 

shown between treatment groups, but the trial was not suffi-

ciently powered to be able to detect this. In questionnaire items 

referring to treatment burden, colistin dry powder showed 

superiority to tobramycin solution inhalation, although treat-

ment-related adverse events, such as cough, throat irritation, 

and abnormal taste, occurred significantly more frequently in 

the colistin dry-powder arm. The reduction in time necessary 

for inhalation will probably be the main reason for patients’ 

weighing in favor of colistin dry powder. However, it has to 

be kept in mind that an inhalation device requiring longer 

inhalation times than devices frequently used for tobramycin 

solution in real life was used in the tobramycin arm.

In 2010, aztreonam lysine was approved as the third 

antibiotic substance for inhalation in CF chronic pulmonary 

infection. It was shown to be effective and safe compared 

with placebo14,15 and to produce a sustained improvement in 

lung function over a prolonged application16 and was superior 

to tobramycin solution inhalation in terms of the short-term 

effect on lung function during on-treatment cycles.48 However, 

in the latter trial,48 the majority of patients had been treated 

with inhaled tobramycin before, possibly accounting for the 

superiority of aztreonam lysine. No direct comparative study 

of aztreonam lysine to colistin exists as far as we are aware.

Since three different antibiotic agents, with two of them 

in different formulations, are approved for the treatment of 

chronic pulmonary infection in CF at this stage, the question 

arises as to which treatment should be used for which patient. A 

recent meta-analysis reviewing these five agents (colistimethate 

sodium and tobramycin both as inhalation solution and dry 

powder, and aztreonam lysine as inhalation solution) concluded 

that all substances have proven efficacy compared with pla-

cebo.49 Comparing these agents, tobramycin was regarded as 

superior to colistin inhalation solution in terms of the effect 

on lung function. However, colistin dry-powder solution was 

considered non-inferior to tobramycin inhalation solution. The 

tobramycin dry-powder preparation showed similar efficacy to 

the tobramycin aerosol preparation. finally, aztreonam lysine 

was regarded as superior to tobramycin in terms of short-term 

effect on lung function. The latest Cochrane review on this 

topic included 19 randomized controlled trials with control 

groups being either placebo or alternative antibiotic agents.50 

It was concluded that while all agents available have a proven 

effect on lung function and exacerbation rate, which agent is 

superior cannot be reliably determined. Due to the number and 

size of studies, there is a bias for tobramycin as far as available 

evidence is concerned. The review by Ryan et al50 considered a 

true meta-analysis impossible, due to the significant variability 

in study design. Also, the meta-analysis by Máiz et al49 did not 

aim to statistically control for important effect modifiers and 

differences in study design – for example, the rate of prior 

exposure of patients to active drugs, age, and baseline FEV1 

level. Littlewood et al made an attempt to consider important 

confounders in their meta-analysis.51 They conducted a Bayes-

ian network meta-analysis to combine the available random-

ized controlled trials in order to compare treatment effects 

that had not been compared in a head-to-head  fashion before, 

and to account for the study heterogeneities of included tri-

als. Eleven studies11,14–16,28,40–42,46,47,52 were included (Table 1), 

and different scenarios allowing for effects of covariates (ie, 

baseline age, baseline FEV1, or antibiotic pretreatment) were 

run.51 It was concluded that all available formulations (the two 

tobramycin inhalation solution formulations, tobramycin dry-

powder inhaler, aztreonam lysine, and colistimethate sodium 

inhalation solutions) have comparable efficacy, with a slight 

advantage of tobramycin over the others. Colistimethate dry 

powder inhalation (DPI) was not included in the study, since 

it was not yet on the market.

Table 1 Randomized controlled trials on inhaled antibiotics in 
patients with CF

Sourcea Study type Duration  
(weeks)

Treatments

Konstan et al46 DB, PC, MC 24 (three  
4-week-cycles)

TiP vs Plac

Konstan et al47 OL, MC 24 (three  
4-week-cycles)

TiP vs TiS-T

Ramsey et al11 DB, PC, MC 24 (three  
4-week-cycles)

TiS-T vs Plac

Nasr et al52 DB, PC 24 (three  
4-week-cycles)

TiS-T vs Plac

Hodson et al42 OL, MC 4 TiS-T vs Col
Jensen et al28 DB, PC 13 Col vs Plac
Lenoir et al40 DB, PC,  

MC, PG
8 (one 4-week 
cycle)

TiS-B vs Plac

Chuchalin et al41 DB, PC,  
MC, PG

24 (three  
4-week cycles)

TiS-B vs Plac

McCoy et al14 DB, PC, MC 4 + 8 follow-up AZLi vs Plac
Retsch-Bogart et al15 DB, PC, MC 4 AZLi vs Plac
Oermann et al16 OL, PC, MC 24 (three  

4-week cycles)
AZLi vs TiS-T

Schuster et al45,b OL, MC 24 ColP vs TiS-T

Note: aStudies included in the network analysis by Littlewood et al,51 and bone study 
not included.
Abbreviations: AZLI, aztreonam lysine inhalation solution; CF, cystic fibrosis; Col, 
colistimethate sodium inhalation solution; ColP, colistimethate sodium dry powder; 
DB, double blind; MC, multicenter; OL, open label; PC, placebo controlled; PG, 
parallel group; Plac, placebo; TIP, tobramycin dry powder; TIS-B, tobramycin inhalation 
solution (Bramitob®); TIS-T, tobramycin inhalation solution (Tobi®); vs, versus.
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In summary, at present, all available antibiotic drug 

formulations have been proven effective and are approved for 

the treatment of chronically colonized CF patients. A clear 

vote in favor of a specific agent cannot be provided at this 

time,33–35 but tobramycin has at present the most comprehen-

sive data on efficacy in chronic pulmonary infection in CF. 

Forthcoming new drug formulations for inhalation use will 

necessitate an ongoing appraisal of this topic.53

Use of inhaled colistin  
in combination or sequential 
therapy strategies together  
with other substances
Sequential therapy
The rationale behind the different evolving strategies that 

combine two or more antibiotics to treat chronic P. aeruginosa 

infection in CF is fed by several issues. First, there is the hope 

of minimizing the development of resistance against major 

P. aeruginosa active substances. Further, the decline in lung 

function during the off-phases in tobramycin maintenance 

therapy might be prevented by treating with colistin in those 

intervals. Finally, the reduced susceptibility of biofilms to 

antibiotics is thought to be due to their complex composition 

and the large heterogeneity in physiological states of bacte-

rial cells within a biofilm, rendering many of its bacteria 

relatively unsusceptible to antibiotics. Hence, it is already the 

practice in many CF centers to employ sequential antibiotic 

treatment regimes with alternate use of inhaled tobramycin 

and colistin or other combinations for P. aeruginosa sup-

pressive therapy, although clinical trials examining efficacy, 

resistance pattern, and safety are lacking.

Combination therapy
In an in vitro pilot study, the combination of ciprofloxacin and 

colistin has yielded promising results in killing P. aeruginosa 

biofilms based on the novel concept of combining antibiot-

ics that target the different metabolic states of the biofilm 

cells. Bacteria with low metabolic activity were killed by 

colistin, whereas ciprofloxacin was found to specifically kill 

the subpopulation of metabolically active biofilm cells.54 

 Subsequently, another pilot study investigated the efficacy of 

the combination of tobramycin and colistin to kill P. aeruginosa 

biofilms.55 In that study, in two different in vitro biofilm models 

and in a rat lung-infection model, it was demonstrated that 

colistin–tobramycin combinations are superior to the single 

antibiotics for killing P. aeruginosa biofilm cells, resulting in 

reduced mortality rates and lung pathologic findings in the rat 

model. Further, it was shown that the combination of inhaled 

colistin and tobramycin is well tolerated in patients with CF 

and results in a significant decrease in P. aeruginosa colony-

forming units in sputum specimens.55 These results suggest that 

simultaneous antibiotic combination therapy is more effective 

than treating with alternating single antibiotics to defeat lung 

disease in patients with CF.

However, the superiority of a new long-term treatment to 

another regime has to be tested using relevant clinical out-

come parameters. In previous efficacy trials, these have been 

lung-function parameters (ie, FEV1 increase, rate of FEV1 

decline) and quality of life. However, instead, the true benefit 

from a combination or sequential antibiotic therapy might 

be a delay in the time at which a patient becomes refractory 

to the available inhaled antibiotic drugs, and this benefit 

could exist even if no differences in classical endpoints are 

detected over a limited study period.56 Thus, there is a need 

for alternative strategies to detect such possible benefits – for 

example, cautiously conducted withdrawal studies.

Resistance rates to colistin 
compared with other antibiotics
Chronic pulmonary P. aeruginosa infection in CF requires 

lifelong P. aeruginosa suppressive therapy. Therefore, the 

risk of developing resistance to the commonly used anti-

biotics is a relevant concern and may influence antibiotic 

treatment strategies.

Although P. aeruginosa resistance is usually low in 

non-CF patients,57 the emergence of multidrug-resistant 

Gram-negative bacteria, including P. aeruginosa, reduces 

treatment options – that is, in the setting of intensive care 

units (ICUs)58 – and leads to an increase in the use of colis-

tin as salvage therapy.59 For CF, P. aeruginosa resistance 

is occurring even more frequently60 due to the long-term 

adaptation of bacterial strains in the individual’s lung. 

 Several surveys have examined the susceptibility patterns of 

P. aeruginosa isolated from CF patients.61–65 Resistance rates 

have been demonstrated to be quite high for some antibiotics 

commonly used for P. aeruginosa treatment, but still very 

low for colistin.63,64,66 Reasons for the rare occurrence of 

colistin resistance might be the fact that colistin self-promotes 

its penetration of the cell envelope and causes irreversible 

disruption of the cytoplasmic membrane, and, further, that 

P. aeruginosa cannot modify the lipid A target of its LPS, 

where colistin binds to.

However, it is debatable whether treatment decisions 

should be made according to in vitro susceptibility testing, 

since inhaled antibiotics will often be effective in spite of 
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in vitro resistance results,39,42,67 probably due to antibiotic 

concentrations much higher than the minimum inhibitory 

concentration achievable in sputum with inhalation use. 

Accordingly, in vitro antibiotic susceptibility results have 

not yet proven to be predictive of clinical response to inhaled 

antibiotics. Also, for intravenous use in the treatment of pul-

monary exacerbations, antibiotic susceptibility testing is of 

questionable value,68 as is routine combination antimicrobial 

susceptibility testing.69,70 Therefore, treatment should be 

guided mainly according to clinical response.

Use of colistimethate sodium  
for treatment of exacerbations  
in chronic pulmonary disease in CF
Acute pulmonary exacerbations occur frequently in CF and 

are associated with progressive morbidity and mortality. 

 Approximately 25% of CF patients will not regain their lung 

function after a pulmonary exacerbation, pointing to the neces-

sity for the optimal and aggressive treatment of these events.71–73 

A recent Cochrane meta-analysis could not find sufficient evi-

dence concerning the effectiveness of inhaled antibiotics for the 

treatment of pulmonary exacerbations in CF.74 Although data 

on intravenous antibiotic combination treatment are limited, 

current guidelines on treatment of pulmonary exacerbations 

in CF recommend the use of two intravenous antibiotics with 

different mechanisms of action in order to reduce resistance 

and optimize antibacterial activity.75–77 However, data on the 

ability of these combinations to prevent the development of 

resistance are limited. The treatment most frequently used by 

CF centers is the combination of a β-lactam and an amino-

glycoside agent.78 However, the existence of multiresistant 

P. aeruginosa strains and insufficient treatment responses to 

antibiotic regimes calls for alternative treatment strategies. 

Intravenous colistimethate sodium is a treatment option since 

resistance to colistin is rare. It has been shown to be an effective 

treatment in P. aeruginosa-driven pulmonary exacerbations in 

three efficacy studies29,79,80 (also see review by Young et al81), 

with a better efficacy when combined with a second antibiotic 

agent.29 This is well in line with recommendations for the cur-

rent standard therapy of using combination therapies in CF 

pulmonary exacerbations.

However, toxicity concerns are a relevant issue in sys-

temic colistimethate therapy, hence a detailed reflection is 

reasonable.

Toxicity issues
Intravenous colistimethate sodium therapy has been reluc-

tantly used for many years because of concerns related to 

toxicity, namely the well-reported nephro- and neurotoxicity. 

Studies addressing the incidence of nephrotoxicity in the 

earlier literature report acute tubular necrosis, prolonged 

increase of blood urea nitrogen levels, a fall in creatinine 

clearance, or other signs of impaired renal function, occurring 

in up to 50% of patients treated intravenously or intramus-

cularly (see Falagas et al for a comprehensive review of the 

earlier literature on colistin toxicity24).

However, in contrast to the earlier studies, more recent 

studies have shown that the incidence of nephrotoxicity is 

less common and less severe, affecting about 14% to 24% of 

patients in an ICU setting23,26,58,82–84 (see Falagas et al24 for a 

review of the various non-CF studies). A retrospective cohort 

study82 comparing the safety and efficacy of colistimethate 

sodium and tobramycin for treatment of multiresistant 

A. baumannii infections in ICU patients found that the risks 

of nephrotoxicity were similar. In another study comprising 

a higher number of cases, the nephrotoxic damage due to 

intravenous colistin therapy was reversible.85 The nephro-

toxicity risk appeared to be related to the total cumulative 

dose of colistin. This indicates the need to carefully monitor 

kidney function in patients requiring prolonged therapy with 

colistimethate sodium and to avoid prolonged treatment 

courses whenever possible.

The avoidance of concurrent administration of other 

nephrotoxic drugs, different dosing regimes, as well as the 

more meticulous management of fluid and electrolyte abnor-

malities and use of more advanced critical care services, may 

be some of the reasons for the discrepancy between the data 

reported in the early and recent literature.

In CF therapy, toxicity issues are complicated by the fact 

that many CF patients have a history of lifelong treatment 

with nephrotoxic agents and might show multi-organ dam-

age in advanced disease, putting them at an increased risk of 

drug side effects. Therefore, it is important to assess toxic-

ity issues in a CF-disease-specific way. The first controlled 

prospective study on the toxicity of intravenous colistin in 

CF was conducted by Conway et al.29 A total of 53 patients 

chronically infected with P. aeruginosa were treated with 

intravenous colistin during an acute exacerbation. Only a low 

incidence of renal impairment, which was always transient, 

could be observed. In a recent retrospective study following 

113 adult CF patients treated with different nephrotoxic anti-

microbial agents including colistin over nearly a decade, the 

intravenous use of nephrotoxic antibiotics was not found to 

be associated with major long-term renal toxicity.86 Thus, it 

is necessary to place in perspective the nephrotoxic potential 

of colistimethate sodium. First, the large amount of evidence 
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from studies from the 1990s onward point out that renal 

damage due to intravenously administered colistimethate 

is mild and almost always reversible. Second, colistin is not 

the only potentially nephrotoxic antibiotic. Interestingly, in 

studies comparing the nephrotoxicity of intravenous colistin 

and aminoglycosides in patients with CF, colistin compared 

favorably with the aminoglycosides.87,88

Neurotoxicity (manifested as dizziness, weakness, periph-

eral paresthesia, vertigo, confusion, ataxia, or neuromuscular 

blockade) of systemically used colistin is potentially severe 

but occurs rarely according to the earlier literature: milder 

symptoms, such as the most frequently reported paresthesias, 

were reported in up to 27% of patients.89,90 As far as severe 

neurotoxic symptoms are concerned, at least eight cases were 

published between 1964 and 1973 correlating the intramus-

cular administration of polymyxins with the development of 

episodes of respiratory apnea (reviewed by Falagas et al24). 

However, no episodes of neuromuscular blockade or apnea 

induced by polymyxins have been reported in the literature in 

more than 20 years. In the prospective study by Conway et al, 

neurological symptoms potentially attributable to intravenous 

colistin treatment were reported in about half of the treatment 

courses but were – except for in one patient who withdrew 

from the study because of the symptoms – well tolerated, did 

not necessitate a reduction in therapy, and resolved shortly 

after treatment, with no signs of long-term toxicity.29 Simi-

larly, in the retrospective study by Bosso et al,91 six cases of 

minor neurological side effects not requiring withdrawal from 

the study or a reduction in the ongoing therapy were seen 

in 21 treatment courses. In a review of existing studies,24,92 

the reported neurotoxic events were very rare, usually mild, 

and resolved after the discontinuation of therapy, putting the 

concern related to severe neurotoxic incidents into a differ-

ent perspective.

In summary, in CF patients with multiresistant Gram-

negative chronic bacterial infections, the achievable clinical 

benefit has to be weighed against the risk of drug-induced, 

mild, reversible kidney injury or transient neurological 

symptoms. However, renal function and clinical state should 

be monitored during treatment.

Nontoxic side effects  
of colistimethate sodium
Aerosolized antibiotic therapy has the advantage of reducing 

or avoiding systemic side effects due to negligible systemic 

bioavailability. However, side effects related to airway reac-

tivity are a frequent problem in aerosol therapy, and have 

been reported after the inhalation of colistin solution93–95 

and tobramycin inhalation solution.39,96,97 In the study, by 

Hodson et al,42 nebulized colistin and tobramycin caused 

comparable respiratory side effects such as short-term FEV1 

decline and cough directly after inhalation and pharyngitis in 

35% to 49% of treated patients with no significant difference 

between the two agents.

With forthcoming dry-powder inhalation techniques, 

respiratory side effects directly associated with the inhala-

tion procedure became even more relevant. In the Freedom 

study, which compared colistin dry powder with tobramycin 

inhalation solution, adverse events such as cough, throat irri-

tation, and abnormal taste were significantly more prevalent 

in the colistin dry-powder treatment group.45 Also, in the 

EAGER study, dry-powder tobramycin resulted in a signifi-

cantly higher rate of drug-related cough than the tobramycin 

solution preparation.46 However, optimizing the inhalation 

technique (inhaling with a constant flow that is not too high) 

can greatly reduce these side effects.

In the literature, one death was reported after the inhalation 

of compounded colistimethate due to fatal acute respiratory 

distress syndrome (ARDS).98 This fatal event was probably 

due to the inhalation of a high concentration of the active colis-

tin base resulting in a massive inflammatory response, because 

the reconstitution of colistimethate had been carried out long 

before inhalational use in that case. This event emphasizes the 

risks associated with the use of agents via a different route of 

application than those they are licensed for.

Role of colistin in chronic  
infection with bacteria  
other than P. aeruginosa
Colistin is active mainly against Gram-negative organisms 

and is well known for its excellent antibacterial activity 

against P. aeruginosa. In addition, E. coli, Enterobacter 

spp., Salmonella, Shigella, Klebsiella spp., and A. baumannii 

are usually susceptible to colistin, whereas Burkholderia 

spp., Serratia, and Proteus spp. are resistant.19 S. aureus, 

H. influenza, and P. aeruginosa are the pathogens isolated 

most frequently from the airways of CF patients,99 but other 

strains with clinical impact found in CF patients include 

S. maltophilia, A. xylosoxidans, and Burkholderia spp.,2,100 

of which the latter is associated with a markedly shortened 

median survival.101

For the treatment of S. maltophilia, trimethoprim/

sulfamethoxazole is often considered the drug of choice. 

However, resistance to this agent has been increasingly 

described.102 In an in vitro susceptibility study with 

S. maltophilia strains isolated from CF patients,103 the most 
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effective antibiotic tested alone against planktonic and 

biofilm-grown S. maltophilia isolates was high-dose levo-

floxacin, closely followed by high-dose colistin (both in doses 

usually only achievable by inhalation). Colistin was included 

in many of the most effective double antibiotic combinations, 

which achieved higher susceptibility rates than single agents. 

Another in vitro susceptibility study observed minocycline, 

co-trimoxazole, and doxycycline as the most active antibiot-

ics, followed by chloramphenicol, levofloxacin, and colistin, 

and, among the combinations with synergistic activity, were 

ticarcillin/ clavulanate plus aztreonam, ticarcillin/clavulanate 

plus colistin, and ticarcillin/ clavulanate plus levofloxacin.104 

In a further study, doxycycline was the most active agent, 

way in front of trimethoprim/sulfamethoxazole.105 Here, high 

concentrations of colistin proved more active than those of 

tobramycin. Thus, colistin has a place in treatment of chronic 

infection with S. maltophilia in CF. However, efficacy studies 

with clinical outcome measures are still lacking.

For Achromobacter spp., a retrospective study analyzed 

the effect of different antibiotic treatment regimes on the 

chance of Achromobacter eradication in 47 CF patients 

over a period of 11 years. Combination therapies with 

meropenem, piperacillin/tazobactam, and trimethoprim/

sulfamethoxazole were highly active against chemotherapy-

naïve Achromobacter strains, and the application of inhaled 

ceftazidime, colistin, and tobramycin was associated with 

a significantly longer time until re-colonization with an 

 Achromobacter strain.106

For Burkholderia spp., colistin is usually tested resis-

tant, and thus not the substance of choice. Treatment of 

 Burkholderia colonization remains difficult because of its 

high resistance pattern and the lack of inhaled antimicrobial 

agents active against these strains.107

In sum, there is only some evidence for the use of colis-

tin in the treatment of bacteria other than P. aeruginosa. 

 Controlled prospective trials are missing.

Colistin dosing issues
There are sparse data on scientifically based dosage regi-

mens for various groups of patients – in particular, people 

with CF and subsets of critically ill patients with different 

levels of renal function (see Nation and Li’s review108). 

This is partly due to the fact that, at the time colistin came 

into use, proper drug development procedures were not 

demanded by drug regulatory agencies, and because of 

the complex pharmacokinetics resulting from the exis-

tence of the many colistin compounds generated in vivo. 

Further, there is no standardized labeling, complicating 

 comparisons between the different pharmaceutical 

products;81,109,110 some product labels express the content of 

colistimethate sodium in international units (with ∼12,500 

IU corresponding to 1 mg of colistimethate sodium), while 

other products are labeled with “colistin-base activity”, 

referring to the microbiological activity of its active com-

ponent, even though the material contained in the vials is 

colistimethate sodium.

Moreover, the recommended dose ranges and maximum 

daily doses vary significantly according to manufacturer:81,108 

for products labeled in international units, the manufacturer-

recommended daily dose for an adult with normal renal 

function is equivalent to 240–480 mg of colistimethate 

sodium;111 in contrast, for products labeled with “colistin 

base activity”, the manufacturer-recommended adult dose 

is equivalent to 400–800 mg of colistimethate sodium.112,113 

The currently available literature supports a colistimethate 

dose of 8 mg/kg/day (maximum 480 mg/day) for the intra-

venous treatment of pulmonary exacerbations secondary 

to P. aeruginosa infection.81 This dose is less than what is 

recommended by the US Food and Drug Administration-

approved and Cystic Fibrosis Foundation dosing guidelines 

but in agreement with UK Cystic Fibrosis Trust Antibiotic 

Working Group recommendations.43

There is also debate over the optimal dosing intervals of 

colistimethate administration and its impact on resistance, 

toxicity, and clinical efficacy. The bactericidal activity of 

colistin is concentration dependent, but the in vivo phar-

macokinetics and -dynamics of colistimethate sodium are 

complex due to the multitude of in vivo compounds. There 

is very limited in vivo pharmacokinetics and -dynamics 

data about intravenously administered colistimethate in CF 

patients;114,115 hence, the optimal dosing is still unknown.

A similar lack of evidence applies to the optimal dosing 

of inhaled colistimethate sodium, which is further compli-

cated by the influence of the inhalation drug-delivery system 

used. Two pharmacokinetics studies exist in CF patients;116,117 

however, the authors conclude that the low systemic and high 

local concentrations of colistin support the use of inhaled 

colistin in CF patients infected with P. aeruginosa.

Even after many years of routine use of colistin, there 

are no evidence-based guidelines for systemic or inhalation 

dosages.

Conclusion
Tobramycin and colistin are the two most frequently used 

antibiotics for nebulized antibiotic treatment in CF care, and 

have been joined more recently by aztreonam lysine.
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For chronic pulmonary infection in CF, intravenous colistin 

has an important role in the treatment of patients colonized with 

multiresistant bacteria. It is an effective and sufficiently safe 

agent as far as toxicity is concerned, since the risk of persisting 

sequelae is rather low and manageable. Therefore, colistimethate 

sodium is a relevant treatment option for the intravenous treat-

ment of P. aeruginosa infection to stabilize lung function or 

treat exacerbations in patients infected with multiresistant 

P. aeruginosa and some other Gram-negative strains. However, 

intravenous colistimethate sodium should be used with care, and 

always with consideration of renal function.

For P. aeruginosa suppressive therapy, colistin inhalation 

solution has proven efficacy but might be inferior compared 

with tobramycin treatment. It definitely is a treatment option 

for patients with multiresistant organisms, those who do 

not tolerate or do not benefit from tobramycin, and those 

experiencing deterioration during tobramycin or aztreonam 

off-cycles. For the latter – namely, combination therapies – 

clinical trials on efficacy and safety are urgently needed. 

As an inhaled agent, colistin is very safe, since toxicity is 

negligible due to very small systemic resorption, but usage 

of intravenous formulations not designed for inhalation may 

bear some risks. Colistin powder is a new formulation that 

recently became available. It has been shown non-inferior to 

inhaled tobramycin. The side effects of colistin dry powder 

are not different in incidence to those of tobramycin dry 

powder. Thus, tobramycin and colistin dry powders are two 

new effective formulations that can be used to provide more 

ease for patients in long-term P. aeruginosa therapy.
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