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Proportion of individuals in various age groups who cultured positive 

for the bacterial species indicated during 2019

Incidence of Major Airway Pathogens by Patient Age



Pseudomonas aeruginosa (PA) infection in CF

• Respiratory infection with PA is a leading cause of 

morbidity and mortality in patients with CF 

• Infection with PA in the airways is associated with:

 decline in pulmonary function

 worsening nutritional status

 more hospital admissions

 shorter life expectancy 

Nixon, J of Ped 2001; Emerson, Ped Pulm 2002; Korosok, Ped Pulm 2001; Kerem, J of Ped 1990; Robinson. Ped Pulm 2009



• Longitudinal data of 

CF children ≥5 yrs. 

from the Dutch CF 

Registry (2009–2014)

• Potential risk factors 

for lung disease 

progression (FEV1% 

and PEx rate) 

included 

colonization with PA

Van Horck, ERJ 2018; McColley SA, Ped Pulmonol 2016

Risk factors for lung disease 

progression in children with CF 

Risk factors for mortality before age 

18 years in CF

• Data from the epidemiologic study of 

CF (1994-2005) were linked with the 

CFF Registry demographic and 

mortality data from 2013 (n= 3880)

• 5.7% died <18 yrs.; median age at 

death 13.4 ± 3.1 yrs.

PA ≥2 +ive cultures-

significant risk factor for death



Pseudomonas aeruginosa in the CF lungs

• >70% of CF adults have 

chronic PA infection; once 

a chronic infection is 

established, it is very 

difficult to eradicate

• Aggressive early 

eradication therapy must 

be initiated as soon as the 

pathogen is detected, 

which delays the onset of 

chronic infection

Doring, J Cyst Fibros 2004; Kerem, Eur RespJ 2014; Burns , J Infect Dis 2001; Taccetti, Eur Resp J 2005



Aims: To determine eradication success rate of newly acquired PA 
To identify characteristics associated with eradication failure

 Observational study- 7 CF Centers- 6 in Israel,1 in Barcelona (2007-2013)

Patients' characteristics prior and at the time of new PA isolation

 Clinical variables were compared in patients with and without successful 

eradication for ≥1 year

Cohen-Cymberknoh, J Cyst Fibros 2016



• Successful eradication rate 72% 

• Success rates similar with the different eradication protocols

• Risk of eradication failure increased with delayed CF diagnosis

• Successful eradication increased with each additional sputum culture 

• Delayed detection of PA infection leading to delayed treatment and 

growth of multi-resistant organisms is associated with eradication failure

Multivariate analysis

Cohen-Cymberknoh, J Cyst Fibros 2016



Mucoid PA

• The conversion from a nonmucoid to a mucoid phenotype 
can occur as early as 3 months from initial onset of 
infection

• It is associated with increased inflammatory response

• Significant effect on the annual rate of decline of  FEV1 and 
worse  radiographic score

• Is more difficult to eradicate – biofilm formation

Govan, Microbiol Rev 1996; Henry, Ped Pulmonol 1992



What is Biofilm?

• A highly-structured communities of bacterial cells covered by 

an extracellular matrix that adhere to abiotic/biological surfaces

• Are a protective mode of growth that allow survival in hostile 

environments

• The bacteria (<10% of the biofilm), produce the extracellular 

polymeric substance matrix (> 90% of the biofilm) 

Flemming, Nat Rev Microbiol 2010; Wei, Int J Mol Sci 2013

• The matrix is primarily composed of 

polysaccharides, proteins, extracellular 

DNA and lipids 



Steps on biofilm formation

Evolution from intermittent to chronic PA infection

Dhand, J Aerosol Med Pulm Drug Deliv 2018



• Several protocols exist, however, no consensus exists 
on the optimal antibiotic protocol 

• Successes of eradication regimens for early PA 
infection- from 65–90% in most studies

Taccetti, Eur Respir J 2005; Frederiksen, Ped Pulmonol 1997; Ratjen, Lancet 2001, Cohen-Cymberknoh, J Cyst Fibros  2016

PA 1st isolation- Eradication Successful

• However, still more than 

10% of PA infections 

cannot be eradicated 



EarLy Inhaled Tobramycin for 

Eradication ELITE- study 

overview

• TIS* administered over 28 

or 56 days is an effective 

treatment of early PA 

infection including CF 

patients <6 yrs. of age

• ~90% remained free from 

PA infection for ≥27 months 

in both Tx groups

Ratjen, Thorax 2010

• No significant clinical advantage with 
the addition of oral ciprofloxacin to the 
regimen of TIS* 300 mg BID × 28 days

• No advantage with prophylaxis 
(Cycled) vs. microbiological approach 
(Culture-based)

EPIC (Early Pseudomonas
Infection Control)

Treggiari, Contemp Clin Trials 2009

Cycled Abx

TIS + Cipro

Cycled Abx

TIS + Placebo

Culture-based Abx

TIS + Placebo

Culture-based Abx

TIS + Cipro

*TIS= Tobramycin inhalation solution



“What is the best way of eradicating PA in 

people with CF?” 

• UK guidelines recommend- inh. Abx + IV or oral Abx

• US and European guidelines favour single agent- inh. 

Tobramycin- as 1st-line treatment

• Two weeks of IV Abx can achieve a high eradication rate and 

is cost-effective; however, this is not supported by RCTs

• A course of IV Abx often involves the cost and inconvenience 

of a prolonged hospital admission and exposes patients to 

the risks of drug toxicity, particularly from aminoglycosides

Blassi, Resp Med 2018; Castellani, J Cyst Fibros 2018; Vazquez-Espinosa, Therapeutics and Clinical Risk Management 2015; 

Haynes, Ped Pulm 2016; Konstan, J Cyst Fibros 2011 



• RDBPCT, CF patients <7 yrs. (N = 51) with early PA-infection

• TIS* 300 mg or placebo, BID, 28 days, optional cross-over on D35

• Primary endpoint: proportion of patients having PA -ive on D29

• At D29, 85% in TIS vs. 24% in the placebo group were PA-free 

• At the end of the cross-over period, PA was –ive in:

– 76% patients receiving TIS initially 

– 48% receiving placebo initially

• Tobramycin was effective in eradicating early PA-infection with a 

favorable safety profile in young CF patients

Ratjen, J Cyst Fibros 2018 *TIS= Tobramycin inhalation solution



• Multicentre, parallel group, open-label, RCT in 72 CF centres: 70 in 

the UK and two in Italy, (2010-2017)

• CF patients >1 month, with an isolate of PA (1st ever isolate or a 

new isolate after at least 1 year free of infection)

• N= 137- 2 weeks IV ceftazidime and tobramycin

• N= 149- 12 weeks oral ciprofloxacin

• Primary outcome- eradication of PA at 3 months and remaining free 

of infection to 15 months

Langton Hewer, Lancet 2020

+ 12 weeks 

Colistin (inh.)



• 44% in the IV group and 52% in the oral group achieved outcome

• 8% serious adverse events in each group

• Compared with oral therapy, IV Abx did not achieve sustained eradication 

of PA in a greater proportion patients, and was more expensive

• Fewer hospitalisations in the IV group during follow-up, however, no 

advantage over oral treatment because IV eradication frequently requires 

hospitalisation

• These results do not support the use of IV Abx to eradicate PA in CF

Langton Hewer,  Lancet 2020



Causes of irreversible changes in the airways

in patients with CF

Could result in poorly ventilated areas that impair 

delivery of antibiotics to airways that are heavy 

colonized by bacterias

Dhand, Journal of Aerosol Medicine and Pulmonary Drug Delivery 2018 



Inhaled antibiotic therapy 

• Has the capacity to achieve higher 

concentrations in the sputum for antibacterial 

efficacy, while mitigating the toxicity associated 

with systemic treatment

• Has proven efficacy to:

 Reduce PEx

 Improve lung function

 Improve respiratory symptoms

If eradication fails and chronic infection with PA 

develops



Milestones in the evolution of inhaled antibiotic therapy in CF

Taccetti, Antibiotics 2021



CFF Drug pipeline
October 2021



Tobramycin- Lowest overall rate of resistance

Shawar, Antimicrobial agents and chemotherapy 1999



TIP- Tobramycin inhalation powder
PulmoSphere particles, delivered by the T-326 inhaler 

• Ideal for targeting the powder aerosol to the site of the PA 

infection in the airways

• Better intrapulmonary deposition efficiency

• Safety and efficacy profile showed in clinical and real-world 

studies

• Reduced treatment burden

• Improve compliance 

• Better therapeutic outcomes

Geller, Journal of Aerosol Medicine and Pulmonary Drug Delivery 2011; Hamed, Ther. Adv. Respir. Dis 2017



Lung deposition for TIP and TIS in healthy volunteers 

as determined by gamma scintigraphy

Geller, Journal of Aerosol Medicine and Pulmonary Drug Delivery 2011



EAGER trial - Efficacy TIP vs. TIS

Konstan, J Cyst Fibros 2011

127 Centers, 15 countries, 553 CF patients >6 yrs., PA +ive

Relative change in FEV1% predicted from baseline 



EAGER trial- Efficacy, safety and convenience

TIP (DPI) vs. TIS

Konstan, J Cyst Fibros 2011

Patient-reported treatment satisfaction



EVOLVE trial- Mean decrease in sputum density at day 28

38 Centers (EU, LATAM and USA); 24 w, 95 CF patients >6 yrs., PA +ive

Konstan, Ped Pulmonol 2011



EDIT trial- Long term safety and efficacy of DPI

Konstan, Ped Pulmonol 2016

59 CF patients >6 yrs., PA +ive, for more than 1 year



Treatment burden- Inhaled antibiotics

Weers, Advanced drug delivery reviews 2012



• PA- leading cause of morbidity 
and mortality

• Early detection of PA is critical

• Frequent respiratory cultures is 
mandatory

• Inhaled Abx:

 Higher concentrations in sputum

 Less toxicity than systemic Abx

• Tobramycin:

Lowest rate of resistance

TIP vs. TIS

 Higher airway deposition

 Less time consuming

 Better compliance



Thank You


