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NOTE: There was a resubmission on 4/12/12 due to a non-approval of the original 
application.  The non-approval had no relation to clinical microbiology.  The clinical 
microbiology data in the re-submission was the same as in the previous submission 
dated 22 Oct 10. Therefore there are no clinical microbiology changes in this 
document. 
 
Date company submitted: 22 Oct 10                  Date received by CDER: 23 Oct 10 
Reviewer: Fred Marsik, Ph.D.                            Date assigned: 23 Oct 10 
 
Revision: 1 Jul 11 – In the original review a Phase 2 study was called a pivotal Phase 3 
study. This is corrected in this review. 
 
NAME AND ADDRESS OF APPLICANT 
 
Chiesi Pharmaceuticals, Inc. 
9605 Medical Center Dr. 
Suite 380 
Rockville, MD 20850 
 
CONTACT PERSON 
 
Erika Panico, RAC (US) 
Vice President and Managing Director 
Phone: 301-424-2661 ext 782 
E-mail: epanico@chiesiusa.com 
 
DRUG PRODUCT NAME 
 
Proprietary: None at this time 
Established name: Tobramycin 
Code Name/Number: CHF 1538, Torineb®, Actitob®, Bramitob® 
Chemical name: o-3amino-3-deoxy-α-D-glucopyranosyl-(1→6)-O-[2,6-diamino-2,3,6-
trideoxy-α-D-ribohexopyranosyl-(1→4)]-2-deoxy-D-stretamine  
Chemical formula: C18H37N5O9  
Molecular weight: 467.5 
 
PROPOSED INDICATION 
 
Management of Pseudomonas aeruginosa infections in cystic fibrosis patients 
 
PROPOSED DOSAGE FORM, ROUTE OF ADMINISTRATION, DOSAGE 
STRENGTH, DOSING INTERVAL, AND DURATION OF TREATMENT 
 
Dosage form: Liquid 
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Both treatments (CHF 1538 and TOBI) during studies pivotal CT01, CT02 and study 
CT03 were able to reduce baseline bacterial load in the sputum samples obtained from 
patients.  However, bacterial load increased once tobramycin treatment of the groups 
stopped. There was no significant difference in the bacterial load between treatment 
groups after cessation of treatment. In the treatment groups there were increases in the 
tobramycin MIC for a portion of the P. aeruginosa population.  There were a low 
percentage of microbiological eradications in both treatment groups with rates of 
superinfection and re-infection being similar between treatment groups. The rates of 
positive and negative outcomes observed for CHF 1538 and TOBI were similar. 
 
From a clinical microbiology perspective there is no evidence in the data from the 
treatment study groups (CHF1538 and TOBI) that suggest that CHF 1538 is inferior to 
TOBI for the treatment of Pseudomonas aeruginosa infection in the lungs of cystic 
fibrosis patients. 
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EXECUTIVE SUMMARY 
 
Introduction 
 
Cystic fibrosis (CF) is the most common inherited lethal disease of the white population.  
It occurs primarily in individuals of central and western European origin and affects more 
than 30,000 Americans.  The estimated incidence in the United States is 1 in 2000 to 
2600 live white births, 1 in 19,000 live African American births, 1 in 11,500 live 
Hispanic births, and 1 in 25,000 live Asian American births. CF has an autosomal 
recessive mode of inheritance.  Affected individuals are phenotypic homozygotes and 
both parents usually are heterozygotes or carriers.  The carrier frequency in white 
individuals in the United States is approximately 1 in 25, with full siblings or children 
with CF having a 1 in 4 chance of being affected. In cystic fibrosis, the defect in the 
cyclic adenosine monophosphate-regulated chloride ion channels in the epithelial lining 
of the respiratory system favors the colonization of gram-negative bacteria (mainly P. 
aeruginosa) resulting in inflammation, compromised pulmonary function and mortality in 
CF patients.  
 
The microbial species that are clearly associated with lung disease in CF patients (CF 
lung disease) are relatively few, including Staphylococcus aureus, Pseudomonas 
aeruginosa and Burkholderia cepacia complex. Pseudomonas aeruginosa is the most 
common pathogen of CF lung disease, infecting approximately 60% of the entire CF 
population and close to 80% of adolescents and adults. Staphylococcus aureus is 
recovered from approximately 50% of the CF population. Burkholderia cepacia is 
recovered from ~3% of American CF patients and 15% of Canadian CF patients.   
 
Studies have shown that P. aeruginosa infections in CF patients can be seen as early as 
infancy. The initial isolates of P. aeruginosa that infect CF patients are described as 
“rough” or “planktonic”.  These isolates tend to be susceptible to a variety of 
antimicrobials, are motile and prototrophic and have smooth lipopolysaccharide.  It is at 
this stage that some investigators believe that aggressive antimicrobial therapy can 
eradicate this organism. However, most patients develop chronic infection with an 
unusual phenotype of P. aeruginosa referred to as mucoid.  Mucoid isolates are 
nonmotile, are frequently auxotrophic have rough lipopolysaccharide, and are frequently 
resistant to a wide variety of antimicrobial agents.  The mucoid material is a 
polysaccharide polymer referred to as alginate, which forms the biofilm matrix and 
renders the embedded P. aeruginosa refractory to clearance by the immune system. (21). 
Isolation of P. aeruginosa from the respiratory secretions of CF patients is easily 
accomplished.   
 
IN VITRO 
 
IN VITRO SPECTRUM OF ACTIVITY 
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The Applicant provided information on the minimal inhibitory concentrations (MICs) of 
tobramycin needed to inhibit the growth of Pseudomonas aeruginosa isolates recovered 
from cystic fibrosis patients in the United States. The susceptibility testing of P. 
aeruginosa isolates was done by the method of the Clinical and Laboratory Standards 
Institute (CLSI).  Along with the susceptibility test results for the isolates the Applicant 
provided the quality control (QC) results for each batch of tests.  All of the QC values are 
within the acceptable ranges as recommended by CLSI. All isolates were identified as P. 
aeruginosa by standard identification methods. 
 
Tables 4 & 5 show tobramycin as well as other antibacterial susceptibility results over the 
past 3 years for P. aeruginosa isolates obtained from cystic fibrosis patients in the United 
States. This background information was obtained for isolates from the United States to 
compare to the tobramycin susceptibility of P. aeruginosa isolates obtained during 
clinical studies to assure that the antibiograms of US isolates were similar to those 
obtained during clinical studies done in other countries. The percent resistant to the 
various antibacterials was determined based on interpretive criteria for parenteral forms 
of antibacterials since there are no interpretive criteria for inhaled antibiotics. 
Tobramycin resistance by these criteria (>16 mcg/mL) were identified in 20.4% of P. 
aeruginosa isolated between July 2007 and June 2008 and 17.4% between January 2008 
and June 2009.  A comparison of the susceptibility profiles of the P. aeruginosa isolates 
from the United States and from those obtained from clinical study sites suggests that the 
US isolates are similar to those obtained from clinical study sites outside the US (Table 
68). 
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MECHANISM OF ACTION 
 
Tobramycin a member of the aminoglycoside family of antimicrobials interferes with the 
first steps of protein synthesis by causing a misreading and premature termination of the 
translation or the genetic code of the mRNA template.  The aberrant proteins produced 
maybe inserted into the cell membrane leading to altered permeability and further 
stimulation of aminoglycoside transport. This disruption eventually leads to death of the 
bacterial cell. 
 
MECHANISM OF RESISTANCE 
 
As with other antimicrobials, resistance to aminoglycosides may be intrinsic or acquired.  
Intrinsic resistance may be enzymatic or nonenzymatic.  Mutations at the 16S ribosomal 
RNA (rRNA) can result in resistance.  The methylating enzymes that modify the 16S 
rRNA exemplify enzymatic intrinsic resistance. 
 
Acquired resistance to aminoglycosides results from the combination of decreased drug 
uptake, efflux pump activity or enzymatic modification of the drug. 
 
The predominant resistance mechanisms to tobramycin in P. aeruginosa isolated from CF 
patients is impermeability and to a lesser extend enzymatic modification. Other 
mechanisms which cumulatively lead to decreased susceptibility of P. aeruginosa to 
tobramycin. 
 
POST-ANTIBIOTIC EFFECT (PAE) 
 
The PAE is persistent suppression of bacterial growth after short antimicrobial exposure.  
PAE can be measured in vitro or in animal models of infection.  In vivo, the 
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aminoglycosides consistently demonstrate a PAE that varies from 1 to 3 hours in broth 
and serum for P. aeruginosa. 
 
TOBRAMYCIN INTERACTION WITH OTHER ANTIMICROBIALS 
 
The mechanism of aminoglycoside synergistic activity may not be the same for all target 
organisms.  Enhanced aminoglycoside uptake in the presence of cell-wall-active drugs 
(e.g. penicillins) has been demonstrated with P. aeruginosa. 
 
PHARMACODYNAMICS OF TOBRAMYCIN 
 
Tobramycin exerts its killing effect against bacteria in a concentration-dependent manner, 
so the higher the peak concentration of the drug (and therefore the higher Cmax/MIC is 
reached), the greater is the degree of killing. 
 
 
IN VITRO SUSCEPTIBILITY TEST METHODS 
 
Susceptibility testing of P. aeruginosa can be done by the standardized method of the 
Clinical and Laboratory Standards Institute (CLSI). 
 

DEVELOPMENT OF QC PARAMETERS FOR IN VITRO SUSCEPTIBILITY 
TESTING 

 
In vitro susceptibility test QC parameters for the in vitro susceptibility testing of 
tobramycin are established. 
 
INTERPRETATION OF IN VITRO SUSCEPTIBILITY TEST RESULTS 
 
There are no interpretive criteria for topical agents such as inhaled tobramycin because 
the concentration of tobramycin achieved at the infected site is many fold higher then the 
concentration achieved when tobramycin is given systemically and there tends to be great 
variability in the concentration of the drug at the infected site when it is given by 
inhalation. While there are no clinical interpretive criteria for tobramycin related to 
isolates from cystic fibrosis patients that can be used to guide therapy the results of in 
vitro susceptibility testing of P. aeruginosa isolates from individual patients can be used 
to determine if there is an decrease in the tobramycin susceptibility of the P. aeruginosa 
which may be used indirectly to guide therapy. 
 
IN VIVO 
 
CLINICAL STUDY 
 
Clinical Study CT03 
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This is the pivotal study for the approval of this tobramycin product.  CT03 is an open-
label, multinational, multicenter, randomized, parallel group study designed to compare 
the efficacy and tolerability of aerosolized CHF 1538 and TOBI, both administered via a 
nebulizer (PARI LC Plus® with the PARI Boy N® compressor, Pari, Germany), over a 4-
week treatment in a twice-daily regimen in patients with CF and P. aeruginosa chronic 
infection. 
 

Study CMA-0631-CSR-0025: A multicentre, multinational, open label, 
randomized, parallel group clinical trial of Torineb™/Actitob®/Bramitob® 
(tobramycin solution for nebulization, 300 mg twice daily in 4 mL unit dose 
ampoules) compared to TOBI in the treatment of patients with cystic fibrosis and 
chronic infection with Pseudomonas aeruginosa (Module 5.3.5.1, CT03 CSR 
body). 

 
The study was designed to demonstrate the non-inferiority of CHF 1538 compared to 
TOBI in the primary efficacy variable forced expiratory volume in one second (FEV1) 
predicted normal at the end of the treatment phase in patients with CF and chronic P. 
aeruginosa infection of the lungs. Table 44 provides a summary of clinical study CT03. 
Among the secondary efficacy variables, microbiological tests included quantitative cell 
counts (CFUs) for P. aeruginosa isolated from sputum, and antibiotic susceptibility 
testing of P. aeruginosa. 
 
Sputum Collection and Microbiological Culture Methods 
 
Sputum specimens were collected at the study site and sent under refrigeration to a 
central laboratory ).   
 
Antibiotic Susceptibility Testing 
 
Minimal inhibitory concentrations (MIC) were determined using the CLSI-recommended 
methods and quality controls for tobramycin and the seven other antibiotics (amikacin, 
aztreonam, ciprofloxacin, colistin, imipenem, levofloxacin, and piperacillin/tazobactam) 
were run. 
 

Reference ID: 3149258

(b) (4)



DIVISION OF ANTIINFECTIVE and OPHTHALMOLOGY PRODUCTS (HFD-520) 
CLINICAL MICROBIOLOGY REVIEW 

NDA 201-820                                                               Date review completed: 31 May 11 
                                                                                      Revision1 July 2011 

 

Page 12 of 106 

 
 
CT03 - Microbiological Outcome 
 
Microbiological outcome is presented by tobramycin baseline (Visit 1) MIC values, at 
Visit 4 (“ON” treatment), and Visit 5 (“OFF” treatment) for all P. aeruginosa 
morphotypes combined.  Microbiological outcomes by baseline MIC values are 
compared between the two treatment groups at Visits 4 and 5 for the ITT population. 
 
Microbiological outcome: At “ON” treatment (Visit 4), the following definitions were 
given on the basis of the results of the microbiologic test: 
 
 • Eradication (elimination of P. aeruginosa) 
 • Persistence (persistence of P. aeruginosa detected at Visit 1 
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• Superinfection (appearance of a pathogen other than P. aeruginosa not detected 
at Visit 1 

 
At “OFF” treatment (Visit 5), the following definitions were given on the basis of the 
results of the microbiologic test: 
 
 • Eradication (elimination of P. aeruginosa) 

• Persistence (persistence of P. aeruginosa detected at Visit 4 or at Visit 1 if Visit 
4 is missing 
• Superinfection (appearance of a pathogen other than P. aeruginosa not detected 
at Visit 4 or at Visit 1, and 
• Re-infection (appearance of P. aeruginosa detected at Visit 1 and eradicated at 
Visit 4 

 
Outcomes were analyzed according to the following hierarchy: Superinfection supersedes 
eradication; Persistence for P. aeruginosa supersedes Superinfection; and Re-infection 
for P. aeruginosa supersedes Superinfection. Overall outcomes could be designated as 
either a “positive outcome” (Eradication) or as a “Negative outcome” if the 
microbiological outcome was Persistence, Superinfection or Re-infection. 
 
Efficacy Analysis 
 
MIC Distributions 
 
The distributions and percent range of tobramycin MIC results for P. aeruginosa clinical 
trial isolates at Visits 1, 4. and 5 are shown in Table 51. The range of MIC values 
observed for the CHF 1538 and TOBI study arms show the variability of MIC results 
independent of tobramycin drug exposure. 
 
At Baseline (Visit 1) the distribution of P. aeruginosa with MICs <4 mcg/mL in the 
CHF1538 and TOBI arms was 85.4% and 85% respectively.  These percentages 
decreased slightly in each treatment group at Visit 4 (end of “ON” cycle) as the 
susceptibility populations for CHF 1538 5.3% while TOBI susceptible [populations 
declined 7.9%.  Additional change in the percentage of susceptible P. aeruginosa isolates 
was observed at the end of the first “OFF” cycle (Visit 5) compared to baseline (Visit 1) 
in both treatment arms; the change in percentage of susceptible isolates for CHF 1538 
and TOBI was 7.9% and 9.6% respectively.  These results suggest that, throughout the 
study, the majority of P. aeruginosa isolates remained susceptible to tobramycin in both 
treatment arms and that both tobramycin formulations produced equivalent 
microbiological treatment effects in the bacterial populations of P. aeruginosa. 
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Distribution of Isolates Based Upon Tobramycin Susceptibility 
 
Table 57 shows the distribution of tobramycin MIC values for P. aeruginosa for both the 
CHF 1538 and TOBI treatment arms using the tobramycin susceptibility interpretive 
criteria for parenteral tobramycin. The susceptibility profiles at the various days in both 
the CHF 1538 and TOBI study groups are very similar overall.  A substantial proportion 
of isolates in both the CHF 1538 and TOBI treatment groups remained susceptible at the 
end of the “ON” drug period (Visit 4) with 80.2% and 79.1% susceptible respectively. At 
the end of Visit 4, there was an increase in the percentage of resistant isolates in both 
treatment groups with the greatest increase seen in the TOBI treatment group. At visit 5 
(end of the “OFF” drug cycle), there was a slight decrease in the percent resistant isolates 
for both treatment groups relative to visit 4.  The percentage of susceptible isolates was 
similar in both treatment groups at Visit 4 and 5.  Overall, the results demonstrate an 
elevation in MIC value for a small portion of the isolates in both treatment groups during 
the course of the study. 
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Viable Counts - Mean Changes from Baseline  
 

The P. aeruginosa bacterial density in log10 CFU/gram of sputum for each treatment 
group by study is shown in Table 58. This is a summary of the individual values for each 
patient.  Similar bacterial load values were observed for the two treatment groups at each 
study visit suggesting these are typical population densities per gram of sputum 
colonizing the lungs of CF patients. The mean change in bacterial density from baseline 
levels is presented for the end of the “ON” cycle (Visit 4) and the end of the “OFF” cycle 
(Visit 5) in Table 59. The bacterial load showed a mean reduction of 2.14 and 2.07 log10 
CFU/gram was observed at the end of the “ON” cycle for CHF 1538 and TOBI 
respectively. The bacterial load at the end of the “OFF” cycle was 0.72 and 0.87 log10 
CFU/gram for CHF 1538 and TOBI respectively, indicating an increase in bacterial load 
relative to the end of the “ON” cycle. The ANCOVA model analysis results are shown in 
Table 60.  No significant difference was evident with respect to the treatment or country 
while a significant difference was observed (p<0.001) for change from baseline log10 
bacterial load (CFU/gram)  
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Overall - Microbiology Outcome 
 
Table 61 provides information on the overall analysis of microbiology outcomes for both 
study groups.  As can be seen for study Visit 4 (end of the “ON” treatment period, there 
was a low percentage of microbiological eradication in both treatment groups (9.2% for 
CFH 1538-treated and 7.1% for TOBI-treated).  This type of result is not uncommon in 
cystic fibrosis studies for inhaled, systemically administered and orally administered 
antibacterials.  Similar rates of persistence and superinfection were noted in the two 
treatment groups. At Visit 5 (end of the “OFF” treatment period), the rates of eradication 
were lower than at Visit 4 in both treatment groups.  While the percentage of re-infection 
in the CH 1538 treatment group was higher then seen in the TOBI-treatment group the 
numbers were small. The Cochran-Mantel-Haenzel test controlling for country revealed 
no statistically significant differences between the CH 1538 and TOBI with respect to 
percentages in outcome categories. From the data in Table 61 it appears from a 
microbiology perspective that CH 1538 produces equivalent results to the approved 
TOBI product. 
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The analysis of microbiological outcomes is analyzed further at all study visits by 
baseline MIC values in Table 62.  This data is further differentiated into baseline 
tobramycin susceptibility categories (Susceptible, Intermediate, or Resistant) in Table 63, 
and summarized in an overall positive or negative outcome in Table 64. 
 
As seen in Table 62 at Visit 4, in both treatment groups, persistence occurred across a 
broad range of MIC values with no apparent correlation with MIC value.  This type of 
results has been observed in other cystic fibrosis antibacterial treatment studies.  At visit 
5, a pattern similar to that seen in Visit 4 was observed with regard to MIC versus 
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eradication, persistence, and superinfection with the exception of eradication which was 
observed less frequently. Re-infections at Visit 5 were distributed across a wide range of 
MIC values in both treatment groups.  There is an increase in the incidence of reinfection 
for both treatment arms in Visit 5 compared to Visit 4.  This increase, the Applicant 
hypotheses, is likely do to emergence of P. aeruginosa in patients previously categorized 
as eradication. 
 
The microbiological outcome data shows that there were no uncommon instances of 
microbiological eradication in either the CHF 1538 or TOBI-treatment groups at either 
visit 4 or 5.  A high percentage of persistors were observed in the treatment groups at 
Visit 4 and 5, with a modest incidence of superinfection and reinfection (Visit 5).  The 
persistence of P. aeruginosa during and after antibacterial treatment is not unexpected 
and the numbers seen in these studies are consistent with other data. 
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The microbiological outcome data analyzed above was assessed according to systemic 
tobramycin interpretive criteria as seen in Table 63. For both treatment groups, 
persistence was reported for isolates that were susceptible, intermediate or resistance to 
tobramycin.  For both Visits 4 and 5, and in both treatment groups, more than 76% of the 
P. aeruginosa isolates were susceptible to tobramycin and yet were persistent.  This 
suggests a lack of correlation between MICs and microbiological outcome a result that is 
seen in other studies.   
 

Reference ID: 3149258

APPEARS THIS WAY ON ORIGINAL



DIVISION OF ANTIINFECTIVE and OPHTHALMOLOGY PRODUCTS (HFD-520) 
CLINICAL MICROBIOLOGY REVIEW 

NDA 201-820                                                               Date review completed: 31 May 11 
                                                                                      Revision1 July 2011 

 

g      

Reference ID: 3149258



DIVISION OF ANTIINFECTIVE and OPHTHALMOLOGY PRODUCTS (HFD-520) 
CLINICAL MICROBIOLOGY REVIEW 

NDA 201-820                                                               Date review completed: 31 May 11 
                                                                                      Revision1 July 2011 

 

Page 26 of 106 

 

Reference ID: 3149258



DIVISION OF ANTIINFECTIVE and OPHTHALMOLOGY PRODUCTS (HFD-520) 
CLINICAL MICROBIOLOGY REVIEW 

NDA 201-820                                                               Date review completed: 31 May 11 
                                                                                      Revision1 July 2011 

 

Page 27 of 106 

 
Table 64 provides a summary of microbiological outcomes by visit for the ITT 
population. The positive and negative outcomes were very similar in the two treatment 
groups. 
 

 
 
MIC Changes during Therapy 
 
Table 66 provides information on the changes in tobramycin MICs in both treatment 
groups for visits 4 (“ON” tobramycin) and 5 (“OFF” tobramycin).  Overall the tendency 
for MIC values to increase during conduct of the study was similar in the treatment 
groups. 
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CLINICAL MICROBIOLOGY CONCLUSION  
 
From a clinical microbiology perspective there is no evidence in the data from the 
treatment study groups (CHF1538 and TOBI) that suggest that CHF 1538 is inferior to 
TOBI for the treatment of Pseudomonas aeruginosa infection in the lungs of cystic 
fibrosis patients. 
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INTRODUCTION 
 
Cystic fibrosis (CF) is the most common inherited lethal disease of the white population.  
It occurs primarily in individuals of central and western European origin and affects more 
than 30,000 Americans.  The estimated incidence in the United States is 1 in 2000 to 
2600 live white births, 1 in 19,000 live African American births, 1 in 11,500 live 
Hispanic births, and 1 in 25,000 live Asian American births (1). CF has an autosomal 
recessive mode of inheritance.  Affected individuals are phenotypic homozygotes and 
both parents usually are heterozygotes or carriers.  The carrier frequency in white 
individuals in the United States is approximately 1 in 25, with full siblings or children 
with CF having a 1 in 4 chance of being affected (1). In cystic fibrosis, the defect in the 
cyclic adenosine monophosphate-regulated chloride ion channels in the epithelial lining 
of the respiratory system favors the colonization of gram-negative bacteria (mainly P. 
aeruginosa) resulting in inflammation, compromised pulmonary function and mortality in 
CF patients (2,3,4,5).  Upon entry of P. aeruginosa in CF lungs, penetration of mucous 
surface and colonization is followed by a genetic transformation of non-mucoid to 
mucoid (alginate-producing) phenotype (6,7). Although non-mucoid bacteria are more 
virulent, they are also better recognized by the immune response, while the mucoid 
phenotype increases bacterial adherence and resistance to phagocytosis (7,8).  As the 
infection progresses, bacteria release virulence factors through quorum-sensing (bacterial 
communication), inducing the inflammatory response (8).  Unlike normal airway 
secretions, the inflammatory response increases concentrations of neutrophils-derived 
DNA and filamentous actin in the CF mucous, which interact and bind to glycoproteins 
(e.g. mucin) (9,10,11,12).  The physical interaction of abnormally high concentrations of 
such factors results in viscous layers (sputum) that cover the epithelia surface and allow 
for bacterial adherence and biofilm protection (13,14). 
 
The microbial species that are clearly associated with lung disease in CF patients (CF 
lung disease) are relatively few, including Staphylococcus aureus, Pseudomonas 
aeruginosa and Burkholderia cepacia complex (15). Organisms having a secondary role 
in CF lung disease include respiratory viruses, such as respiratory syncytial virus and 
influenza virus; Haemophilus influenzae; and Aspergillus fumigatus.  Mycobacterium 
spp. but not Mycobacterium tuberculosis, Stenotrophomonas maltophilia and Alcaligenes 
xylosoxidans are being seen with increasing frequency in CF patients, in part because of 
the increasing life span of CF patients and the relentless use of antimicrobial agents in 
this population (15). However, the role of the latter organisms in CF lung disease has not 
been clearly determined.  In addition, organisms that phenotypically resemble B. cepacia 
complex organisms (i.e. Burkholderia gladioli, Ralstonia spp., and Pandoraea spp.) are 
also being seen with increasing frequencies due to the use of selective media that improve 
the rates of recovery of B. cepacia complex isolates (15). 
 
Pseudomonas aeruginosa is the most important pathogen of CF lung disease, infecting 
approximately 60% of the entire CF population and close to 80% of adolescents and 
adults (16). Staphylococcus aureus is recovered from approximately 50% of the CF 
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population. Burkholderia cepacia is recovered from ~3% of American CF patients and 
15% of Canadian CF patients.  The repercussions of infection with B. cepacia are 
extensive.  In CF patients, infection with B. cepacia complex is associated with increased 
rates of mortality and morbidity. Roughly 20% of CF patients colonized with B. cepacia 
complex develop the “cepacia syndrome” (17).  These patients experience a rapid decline 
in pulmonary function, frequent bacteremia, and ultimately death due to lung failure. 
Patient to patient transfer of B. cepacia has been documented (17). The review will 
concentrate on P. aeruginosa since the Sponsor is targeting this organism with nebulized 
amikacin. 
 
Studies have shown that P. aeruginosa infections in CF patients can be seen as early as 
infancy (18). The initial strains of P. aeruginosa that infect CF patients are described as 
“rough” or “planktonic” strains.  These strains tend to be susceptible to a variety of 
antimicrobials, are motile and prototrophic and have smooth lipopolysaccharide.  It is at 
this stage that some investigators believe that aggressive antimicrobial therapy can 
eradicate this organism (19). However, most patients develop chronic infection with an 
unusual phenotype of P. aeruginosa referred to as mucoid.  Mucoid isolates are 
nonmotile, are frequently auxotrophic have rough lipopolysaccharide, and are frequently 
resistant to a wide variety of antimicrobial agents (20).  The mucoid material is a 
polysaccharide polymer referred to as alginate, which forms the biofilm matrix and 
renders the embedded P. aeruginosa refractory to clearance by the immune system. (21). 
Isolation of P. aeruginosa from the respiratory secretions of CF patients is easily 
accomplished (21).   
 
Susceptibility testing of P. aeruginosa isolates recovered from CF patients is an area of 
some controversy.  Multiple morphotypes may be recovered from patient sputum.  
Studies that compared the performance of susceptibility testing of a mixture of different 
morphotypes versus the performance of testing each morphotypes showed the testing a 
mixture of morphotypes may underestimate resistance (22). Two areas of controversy 
exist in the area of susceptibility testing of P. aeruginosa isolates. The first is that P. 
aeruginosa grows anaerobically within the airways of CF patients (23).  If this is true 
then aminoglycosides which have not activity anaerobically should not be active against 
P. aeruginosa. This directly conflicts with the results of studies that show 
aminoglycosides given intravenously and aerosolized have a positive impact on the lung 
functions and life expectancies of CF patients (24).  However, anaerobically growing P. 
aeruginosa may contribute to this organism’s ability to persist in the face of high 
concentrations of aminoglycosides (23). A second area of controversy is the microbial 
form of P. aeruginosa that should be used for susceptibility testing of P. aeruginosa. The 
two forms are the biofilm form and the planktonic form. The susceptibilities of mucoid P. 
aeruginosa isolates growing as biofilm have been compared to those strains growing 
planktonically, which are used in clinical laboratory susceptibility testing.  Recently, 
equipment called the “Calgary device” has been developed that allows susceptibility 
testing to be performed with mucoid P. aeruginosa isolates growing as biofilms. 
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P. aeruginosa grown in a biofilm were significantly more resistant to antipseudomonal 
drugs.  This data suggests that susceptibility tests obtained by testing planktonically 
growing isolates may underestimate the drug resistance of mucoid P. aeruginosa (24).  
IN VITRO 
 
IN VITRO SPECTRUM OF ACTIVITY 
 
The Applicant provided information on the minimal inhibitory concentrations (MICs) of 
tobramycin to inhibit Pseudomonas aeruginosa isolates recovered from cystic fibrosis 
patients in the United States. The susceptibility testing of P. aeruginosa isolates was done 
by the method of the Clinical and Laboratory Standards Institute (CLSI) (25,26).  Along 
with the susceptibility test results for the isolates the Applicant provided the quality 
control (QC) results for each batch of tests.  All of the QC values are within the 
acceptable ranges as recommended by CLSI (27) [data not shown (28)]. All isolates were 
identified as P. aeruginosa by standard identification methods. 
 
Tables 1 to 5 show the results over the past 3 years for P. aeruginosa isolates obtained 
from cystic fibrosis from the United States for tobramycin and a variety of other 
antimicrobials. This background information was obtained for isolates from the United 
States to compare to the tobramycin susceptibility of P. aeruginosa isolates obtained 
during clinical studies to assure that the antibiograms of these US isolates were similar to 
those obtained during clinical studies done in other countries. The percent resistant to the 
various antibacterials was determined based on interpretive criteria for parenteral forms 
of antibacterials (2) since there are no interpretive criteria for inhaled antibiotics. 
Tobramycin resistance by these criteria (>16 mcg/mL) were identified in 20.4% of P. 
aeruginosa isolated between July 2007 and June 2008 and 17.4% between January 2008 
and June 2009 (Table 4).  While the P. aeruginosa isolates with MICs of >16 mcg/mL 
were considered resistant to tobramycin given by the parenteral route the amount of 
tobramycin reaching the lungs is many time more then 16 mcg/mL therefore the growth 
of  P. aeruginosa in the lung may be inhibited by the higher concentrations of 
tobramycin. 
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The tobramycin and other antimicrobial susceptibilities of isolates obtained during the 
Phase 3 clinical trials are shown in Table 67. Table 68 shows a comparison of the P. 
aeruginosa isolates at baseline from the various studies and the US surveillance isolates.  
As seen the susceptibilities of the P. aeruginosa obtained during the Phase 3 trials were 
quite similar to the susceptibility profiles of the P. aeruginosa from US patients. 
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MECHANISM OF ACTION 
 
Tobramycin a member of the aminogylcoside family of antimicrobials interferes with the 
first steps of protein synthesis by causing a misreading and premature termination of the 
translation or the genetic code of the mRNA template.  The aberrant proteins produced 
maybe inserted into the cell membrane leading to altered permeability and further 
stimulation of aminoglycoside transport. This disruption eventually leads to death of the 
bacterial cell. 
 
PHARMACODYNAMICS OF TOBRAMYCIN 
 
Tobramycin exerts its killing effect against bacteria in a concentration-dependent manner, 
so the higher the peak concentration of the drug (and therefore the higher Cmax/MIC is 
reached), the greater is the degree of killing (31). 
 
MECHANISM OF RESISTANCE 
 
As with other antimicrobials, resistance to aminoglycosides may be intrinsic or acquired.  
Intrinsic resistance may be enzymatic or nonenzymatic.  Mutations at the 16S ribosomal 
RNA (rRNA) can result in resistance.  The methylating enzymes that modify the 16S 
rRNA exemplify enzymatic intrinsic resistance. 
 
Acquired resistance to aminoglycosides results from the combination of decreased drug 
uptake, efflux pump activity or enzymatic modification of the drug. 
 
All enterococci have intrinsic resistance to aminoglycosides with MICs ranging from 4 to 
256 mcg/mL. The resistance in this case is attributed to the facultative anaerobic 
metabolism of enterococci which in turn reduces the transmembrane potential and hence 
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limits uptake of the aminoglycoside. Acquisition of genes that encode aminoglycoside-
modifying enzymes leads to high-level aminoglycoside resistance with loss of synergistic 
activity with penicillins or vancomycin. 
 
The predominant mechanism of resistance to tobramycin in P. aeruginosa isolated from 
CF patients is impermeability and to a lesser extend enzymatic modification and other 
mechanisms which cumulatively lead to decreased susceptibility of P. aeruginosa to 
tobramycin. 
 
POST-ANTIBIOTIC EFFECT (PAE) 
 
The PAE is persistent suppression of bacterial growth after short antimicrobial exposure.  
PAE can be measured in vitro or in animal models of infection.  In vivo, the 
aminoglycosides consistently demonstrate a PAE that varies from 1 to 3 hours in broth 
and serum for P. aeruginosa (29). 
 
TOBRAMYCIN INTERACTION WITH OTHER ANTIMICROBIALS 
 
The mechanism of aminoglycoside synergistic activity may not be the same for all target 
organisms.  Enhanced aminoglycoside uptake in the presence of cell-wall-active drugs 
(e.g. penicillins) has been demonstrated with P. aeruginosa (30). 
 
IN VITRO SUSCEPTIBILITY TEST METHODS 
 
Susceptibility testing of P. aeruginosa can be done by the standardized method of the 
Clinical and Laboratory Standards Institute (CLSI) (25). 
 

DEVELOPMENT OF QC PARAMETERS FOR IN VITRO SUSCEPTIBILITY 
TESTING 

 
In vitro susceptibility test QC parameters for the in vitro susceptibility testing of 
tobramycin have been established (27). 
 
INTERPRETATION OF IN VITRO SUSCEPTIBILITY TEST RESULTS 
 
There are no interpretive criteria for topical agents such as inhaled tobramycin because 
the concentration of tobramycin achieved at the infected site is many fold higher then the 
concentration achieved when tobramycin is given systemically.  
 
IN VIVO 
 
CLINICAL STUDIES 
 
Studies CT01 and CT02 
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CT01 – Study DM/RS/10000/001/04 – Double blind, multicenter, randomized, placebo-
controlled, parallel groups clinical trial of CHF 1538 tobramycin 300 mg/4 mL inhalation 
solution (300 mg BID) in the 4-week treatment (plus 4 weeks or run-out) of patients with 
CF and a positive culture of P. aeruginosa (See Module 5.3.5.1, CT01 CSR Body) 
 
CT02 – Study DM/RS/10000/002/04 – Double-blind, multicenter, randomized, placebo-
controlled, parallel groups clinical trial of intermittent CHF 1538 (tobramycin 300 
mg/mL inhalation solution) or placebo in three 4-week cycles of treatment, given in 
addition to other anti-pseudomonal treatments, in patients with CF and a positive culture 
for P. aeruginosa (see Module 5.3.5.1, CT02 CSR Body) 
 
In addition, the clinical development program of CHF 1538 also included two additional 
studies, a clinical pharmacokinetic study comparing bioavailability of CHF-1538 versus 
TOBI (Study CP01, and an active-comparator-controlled clinical study of CHF 1538 
versus TOBI (Study CT03). 
 
Studies CT01 (Phase II) and CT02 (Phase III) were designed to demonstrate the superior 
efficacy of CHF 1538 (300 mg administered BID) versus inhaled aerosolized placebo in 
terms of improved lung function and microbiological outcomes.  In Study CT02, patients 
were randomized 2:1 to treatment with either CHF 1538 or placebo.  The study designs 
for both trials are summarized in Table 16 to 19. 
 
The clinical studies with CHF 1538 were performed in Europe.  Study CT01 was 
conducted at 13 active centers located in four countries: Ukraine (seven), Italy (three), 
France (two) and Moldavia (one).  Study Ct02 was conducted in 21 active centers located 
in three countries: Poland (nine), Hungary (eight, Russia (four). 
 
Microbiology 
 
Bacterial culture of sputum samples was performed at the local study site laboratory in 
both studies.  Antibiotic susceptibility testing included testing of P. aeruginosa isolates 
was done at the local site laboratory in study CT01. In Study CT02, the MIC assessment 
of tobramycin was also performed by a central analytical laboratory in 

).  The in vitro sputum samples were sent from the 
investigational sites in all countries using a refrigerated courier with temperature 
monitoring. 
 
Efficacy variables 
 
The primary efficacy variable of study CT01 and CT02  
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Pharmacokinetics of tobramycin 
 
Table 1 shows a summary of the clinical pharmacology studies. 
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Definition of Data Sets 
 

Intent-to Treat – Includes all randomized patients who received at least one dose 
of study medication and had post-baseline data 
Per-Protocol (PP) – Includes all ITT patients who met all inclusion/exclusion 
criteria and who did not have any major protocol deviation.  The primary efficacy 
endpoint was analyzed on this population. 
Safety-Population – Includes all randomized patients who took at least one dose 
of study medication. 

 
Definition of the data Sets Analyzed 
 
 • The Intent-to Treat (ITT) population included all randomized patients who 
               received at least one dose of study medication and had post baseline data; 
 • The Per Protocol (PP) population include all ITT patients who met all  
              inclusion/exclusion criteria and who did not have any major protocol deviation.  
              The primary efficacy endpoint was analyzed on this population. 
 
Table 22 shows the study analysis populations for studies CT01 and CT02. 
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Efficacy Analyses 
 
Standard microbiological tests for assessment of bacteriological effects were used in 
these studies.  An in vitro assessment (MIC, MIC90) of the susceptibility of P. aeruginosa 
to tobramycin was performed by using the conventional procedures practiced in the 
countries where the study was conducted.  The MIC50 value was also calculated later to 
conform to conventional microbiological reporting practices in the U.S. 
 
Summary MIC values (MIC50, MIC90, and MIC range) were determined for the ITT 
population. Descriptive values were based on the highest MIC value at each study visit 
provided for all P. aeruginosa morphotypes combined and in CT02, as subgroups by 
pigment production. Resistance to tobramycin was determined according to CLSI 
standards for parenteral tobramycin as an MIC > 16 mcg/mL. The development of 
resistance to tobramycin before, during and after treatment was analyzed. 
 
The mean change from baseline bacterial load of P. aeruginosa (log10 CFU/mL) was 
analyzed at selected study visits for each treatment group. Categorical results for 
microbiological outcome (eradication, persistence, superinfection, or re-infection) are 
summarized (standard descriptive statistics). 
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Table 3 shows a comparison and analyses of results across studies. As can be seen from 
the CPO1 and CTO1 studies the concentration of tobramycin in the sputum is extremely 
variable.  In some cases the concentration could be less then the MIC90 range (16 to 64 
mcg/mL) for P aeruginosa isolated from the sputum of cystic fibrosis patients. 
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Study CT01 (Pivotal Trail) 
 
Study CT01 
 
Tobramycin Susceptibility Profiles  
 
The ITT population contained 29 patients in the CHF 1538-treatment arm and 30 patients 
in the placebo-treatment arm.  Tobramycin susceptibility data are presented as MIC 
values for P. aeruginosa clinical trial isolates.  The distributions of MIC results for P. 
aeruginosa are shown in Table 23. As can be seen the MIC range in the CHF 1538 study 
group was broader then in the placebo arm and the MIC90 was higher on visits 1 and 5 in 
the CH 1538 group then in the placebo group. The significance of this is not known. 
 

 
 
Table 24 shows the distribution of tobramycin MIC values in study CT01 using systemic 
interpretive breakpoints. 
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Mean Change from Baseline Viable Counts 
 
The mean change in bacterial density from baseline levels is presented after treatment 
(visit 4) and at the end of the “OFF” cycle (Visit 5) in Table 26.  At visit one the baseline 
bacterial load was similar between groups.  BT visit 4, CHF 1538 treatment resulted in a 
significantly greater reduction in bacterial count than placebo (-2.16 versus -0.89 
CFU/gram, p=0.008, 95% CI [-2.18, -0.34]. However, this difference between groups in 
bacterial load was no longer apparent at the end of the “OFF” cycle (Visit 5). 
 

 
 
Microbiological Outcome 
 
The analysis of microbiological outcome at all visits by baseline MIC value is presented 
in Table 27.  At visit 4 (sample obtained after completion of the “ON” cycle treatment), 
CHF 1538 treatment resulted in a higher rate of eradication than the placebo (34.5% 
versus 20.8%) as well as a lower percentage of persistence (37.9% versus 75%).  The rate 
of superinfection was substantially higher in the CHF 1538 group (27.6%) than the 
Placebo group (4.2%).  Re-infection was not observed in either treatment arm at Visit 4. 
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At Visit 5 (sample obtained at end of the “OFF” cycle), the percentage eradication was 
substantially lower than Visit 4 in both treatment groups (10.7% for CHF 1538 versus 
13.6% for placebo).  Similar rates of persistors (42.9% versus 54.5%) were observed in 
the two treatment groups.  The rate of superinfection was higher for the CHF 1538 treated 
patients (37.5%) than the placebo treated patients (22.7%).  A similar rate of re-infection 
was observed in both groups. 
 
MIC Changes During Therapy 
 
An assessment of P. aeruginosa MIC shifts for individual patients from the baseline 
value to those values observed during Visit 4 or 5 are summarized in Table 28. At visit 4, 
there were no isolates in either treatment group whose MIC had changed by >4-fold 
increase from the baseline value. 
 
A comparison of baseline to Visit 5 values shows that the MIC value increased in only 
one CHF 1538 patient and no placebo-treated patients.  There are some instances were 
there were decreases ion the MIC for both the CHF 1538 and placebo treated groups. 
 
The data in Table 28 suggests that the use of tobramycin per the treatment regimen 
employed in this trial did not significantly alter the susceptibility of the clinical trial 
isolates. 
 

 
 
Study CT02 (Pivotal Study) 
 
Baseline Results 
 
Inclusion criteria for this study required a patient to have P. aeruginosa isolated from the 
sputum sample collected at baseline.  The ITT population contained a total of 161 
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patients in the CHF 1538 treatment arm and 84 patients in the placebo arm. Bacteria in 
addition to P. aeruginosa that were most commonly isolated in both treatment groups at 
baseline visit included Staphylococcus aureus and less often Candida albicans, 
Haemophilus species, and streptococci. 
 
The Applicant categorized the isolates from the CHF 1538 and placebo treatment arms by 
color of the P. aeruginosa colonies. P. aeruginosa producing green pigment was the 
predominant type at Visit 1 (`64%) in both treatment groups and remained the 
predominant type throughout the study in both treatment groups. 
 
MIC Data 
 
MIC values at baseline were similar for P. aeruginosa (all morphotypes combined) in 
both treatment groups.  MIC values ranged from <0.25 to 64 mcg/mL.  These results are  
in Table 29. 
 
The distribution and percent range of tobramycin MIC results for P. aeruginosa clinical 
trial isolates at Visits 1, 4, 5, 8, and 9 are in Table 29. The range of MICs observed for 
the CHF 1538 and placebo study arms describe the variability of the MIC results 
independent of CHF 1538 exposure.  This type of result has been seen for other cystic 
fibrosis studies for not only tobramycin but other antibacterials. Table 29 also shows the 
comparability of the P. aeruginosa tobramycin susceptibility in the treatment and placebo 
arms and the consistency between visits in the two treatment arms. 
 

 
 
Table 31 shows the distribution of isolates based on tobramycin susceptibility.  The 
criteria for grouping the isolates was the parenteral susceptibility MIC interpretive 
criteria (mcg/mL) (<4 = susceptible, 8 = Intermediate and >16 = Resistant. 
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The data were further examined to determine where the isolates with high MIC values 
(MIC >16 mcg/mL) were distributed by study visit.  Results of this analysis are shown in 
Table 32.  The data show the percentage of CHF 1538 patients with high MIC values 
increased after treatment and at follow-up compared to baseline value.  The percent of 
placebo patients with MIC >16 mcg/mL also increased, but to a lesser extent, over the 
course of the study. 
 

 
 
Mean Change from Baseline Viable Counts 
 
The mean change in bacterial density from baseline levels is presented for at the end of 
“ON” cycles and at the end of the “OFF” cycles in Table 33.  The baseline bacterial load 
was very similar between groups.  By the end of the first “ON” cycle, CHF 1538 
treatment resulted in a significantly greater mean reduction in bacterial count than 
placebo (-1.67 versus -0.57 log10 CFU/gram, p,0.001, 95% CI [-1.59,-0.61]) that was 
maintained through the end of the first “OFF” cycle.  Following additional CHD 1538 
treatment, a significantly greater mean reduction in bacterial count than placebo resulted 
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(-1.73 versus -0.62 log10 CFU/gram, p<0.001, 95% CI [-1.65,-0.56]) at the end of the 
“ON” cycle.  The significant difference in bacterial load between treatment groups was 
not apparent at the end of the last “OFF’ cycle. 
 

 
 
Microbiological Outcome 
 
The analysis by baseline MIC (Table 34) shows that there were rare instances of 
microbiological eradication in either the CHF 1538 or placebo groups at any visit.  There 
were a high percentage of persistors in the CHF 1538 group at Visits 4 and 8 with 
somewhat lower percentage at Visits 5 and 9.  A high percentage of persistors were also 
present in the placebo group at all visits.  
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MIC Changes During Therapy 
 
Table 35 shows the tobramycin MIC shifts from baseline to follow-up. MIC values were 
unchanged (+/-2 fold) for 34.9% and 37.5% in the CHF 1538 groups at the end of 
treatment and the follow-up visits and for 27.1% and 23.4% in the placebo group, 
respectively.  However, at the end of therapy and the follow-up visits, a greater 
percentage of strains in the CHF 1538 group showed a > 4 fold in crease in tobramycin 
MIC than isolates in the placebo group.  MIC values decreased > 4 fold for 
approximately 4% of isolates in each treatment group. 
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Integration of Pivotal CT01 and CT02 Study Results 
 
Inclusion criteria for both studies required a patient to have P. aeruginosa isolated from 
the sputum sample collected at Visit 1 and in Study CT01 only; the P. aeruginosa isolate 
was requested to be susceptible to tobramycin.  Study CT01 enrolled patients in a 1:1 
ratio, while patients in Study CT02 were randomized 2:1 in the CHF 1538: Placebo 
treatment groups.  P. aeruginosa was isolated from a total of 190 CHF 1538 patients and 
114 Placebo patients (ITT population) in the 2 studies.  Baseline P. aeruginosa MIC 
values were available for a total of 189 CHF 1538 patients and 107 placebo patients (ITT 
population) in the 2 studies.  Organisms in addition to P. aeruginosa that were most 
commonly isolated in both treatment groups at Visit 1 included Staphylococcus aureus 
and less often, Candida albicans, Haemophilus species, and streptococci. 
 
MIC Distributions 
 
Table 36 shows the integrated results of the distribution of tobramycin MIC results for P. 
aeruginosa at Visits 1, 4, and 5. The distribution of MIC values for isolates at baseline 
(Visit 1) was comparable between the 2 treatment groups, with the majority of isolates 
having MIC values <8 mcg/mL (CHD 1538 85.7%, Placebo group 83.2%).  The 
distribution of MIC values remained comparable between treatment groups at Visits 4 
and 5.  Throughout the study,, the majority of P. aeruginosa isolates remained 
susceptible to tobramycin (MIC <8 mcg/mL) in both treatment groups, although the 
susceptible percentage in CHF 1538 group declined slightly compared to Visit 1 at the 
subsequent visits. While percentages in the placebo group showed less variation. 
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MIC range, MIC50 and MIC90 values are summarized for each treatment group by Visit in 
Table 37. 
 

 
Distribution of Isolates Based upon Tobramycin Susceptibility 
 
Table 38 shows the distribution of tobramycin MICs based on parenteral MIC 
interpretive criteria.  For the CHF 1538 patients the majority of isolates (82.0%) had MIC 
values of <4 mcg/mL (Susceptible) at baseline.  A substantial proportion of isolates in the 
CHF 1538 treatment group remained Susceptible at the end of therapy (72.1%) and at 
follow-up (77.1%) visits.  For placebo-treated patients, the majority of isolates (78.5%) 
had MIC values <4 mcg/mL at baseline and only varied slightly (76.4% to 79.8%) at later 
visits in the study. 
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Only 3.7% if isolates in the CHF 1538 patients were considered intermediate (8mcg/mL) 
at baseline; the percentage increased slightly at the end of therapy visit but declined to 
3.2% by the follow-up visit.  The percentage of placebo patients with isolates considered 
Intermediate showed a similar pattern: 4.7%, slightly higher at the end of therapy, and 
declining to 4.5% by the follow-up visit. 
 
A higher percentage of isolates considered Resistant (>16 mcg/mL) was noted in the 
placebo group (16.8%) than in the CHF 1538 group (14.3%) at baseline.  However, the 
CHF 1538 treatment group had a slightly higher percentage of isolates considered 
Resistant at the end of therapy (22.5%) in the CHF 1538 group versus 16.9% in the 
placebo group).  The proportion of resistant isolates remained consistent for each 
treatment group at the follow-up visit. 
 

 
Mean Change in Viable P. aeruginosa Counts from Baseline 
 
Table 39 provides information on the treatment effect on the P. aeruginosa load baseline. 
Because the data is presented using log10 transformations, a decrease in one log10 as 
observed for CHF 1538 is equivalent to a reduction of 90% of the bacterial load per gram 
of sputum.  A significant difference in mean change from baseline load occurred after the 
first “ON” cycle (p<0.001; CI=[-1.57, -0.70]).  There was no significant difference in the 
bacterial load for the treatment groups at the end of the “OFF” cycle. 
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Microbiological Outcome 
 
The analysis of microbiological outcome is shown at the end of treatment and the follow-
up visits at baseline MIC value in Table 40.  The analysis by baseline MIC shows that 
instances of microbiological eradication were rare in either treatment group at any visit.  
There was a high percentage of persistors in the CHF 1538 group at the end of the “ON” 
therapy period (Visit 4) with somewhat lower percentages “OFF” therapy at follow-up 
(Visit 5).  A higher percentage of persistors were also present in the placebo group at 
both the end of “ON” treatment and “OFF” treatment follow-up visits.  Persistence of P. 
aeruginosa following tobramycin therapy in CF patient is not unexpected.  No correlation 
was evident between MIC value and microbiological eradication rate.  The superinfection 
rate was similar in both treatment groups.  Reinfection was not observed in either 
treatment group at the end of “ON” treatment period, and the rate of re-infection was 
slightly higher in the CHF 1538 group at the end of the “OFF” treatment period (Visit 5). 
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CONCLUSION 
 
The data from pivotal studies CT01 and CT02 is presented individually and combined in 
the preceding pages.  The data from CT01 and CT02 individually do not suggest any non-
statistical significant microbiological adverse events from use of aerosolized tobramycin 
for treating CF patients.  Combining the data suggests the same.  
 
Treatment-Emergent Microorganisms 
 
In the CHF 1538-treated patients the organism identified most frequently was the Gram-
positive bacterium Staphylococcus aureus with the yeast Candida species (including C. 
albicans) being the nest most prevalent. In the placebo-treated group the same two 
organisms were the most prevalent. There was a variety of Gram-negative bacteria 
identified in both treatment groups, though the incidence of any individual species was 
low. This information is presented in Table 41 (2.7.2 Summary of Clinical Pharmacology 
Studies pg. 110) which is not shown here. 
 
MIC Changes During Therapy 
 
Table 42 is an assessment of MIC shifts fro individual isolates from the baseline 
tobramycin MIC to those values observed at end of therapy or at follow-up.  MIC values 
were changed (+/- 2-fold) for 41.7% and 42.5% in the CHF 1538 group at the end of 
therapy and the follow-up visit, and for 33.2% and 28.5% in the placebo group 
respectively.  However, at both the end of therapy and the follow-up visits, a greater 
percentage of isolates in the CHF 1538 group showed a >4-fold increase in MIC than 
isolates in the placebo group.  MIC values decreased >4-fold in a small percent of isolates 
in both treatment groups. 
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CLINICAL STUDY CT03 
 
This is not a pivotal study for the approval of this tobramycin product.  CT-03 is an open-
label, multinational, multicenter, randomized, parallel group study designed to compare 
the efficacy and tolerability of aerosolized CHF 1538 and TOBI, both administered via a 
nebulizer (PARI LC Plus® with the PARI Boy N® compressor, Pari, Germany), over a 4-
week treatment in a twice-daily regimen in patients with CF and P. aeruginosa chronic 
infection. 
 

Study CMA-0631-CSR-0025: A multicentre, multinational, open label, 
randomized, parallel group clinical trial of Torineb™/Actitob®/Bramitob® 
(tobramycin solution for nebulization, 300 mg twice daily in 4 mL unit dose 
ampoules) compared to TOBI in the treatment of patients with cystic fibrosis and 
chronic infection with Pseudomonas aeruginosa (Module 5.3.5.1, CT03 CSR 
body). 

 
The study was designed to demonstrate the non-inferiority of CHF 1538 compared to 
TOBI in the primary efficacy variable forced expiratory volume in one second (FEV1) 
predicted normal at the end of the treatment phase in patients with CF and chronic P. 
aeruginosa infection of the lungs. Table 44 provides a summary of clinical study CT03. 
Among the secondary efficacy variables, microbiological tests included quantitative cell 
counts (CFUs) for P. aeruginosa isolated from sputum, antibiotic susceptibility testing 
(MIC range, MIC50, and MIC90 were standard microbiological assessments to evaluate 
the susceptibility of P. aeruginosa to tobramycin. 
 
Sputum Collection and Microbiological Culture Methods 
 
Sputum specimens were collected at the study site and sent under refrigeration to a 
central laboratory ( ).  The collection and 
transport of the specimens are described in the Protocol (Module 5.3.5.1, CT03 Appendix 
16.1.1).  Culture of specimens and identification of isolates were done by recognized 
methods. Prior to the study the methods for specimen collection, transport, culture of 
specimens, and identification of isolates were reviewed by this Reviewer and found to be 
appropriate. 
 
Antibiotic Susceptibility Testing 
 
Minimal inhibitory concentrations (MIC) were determined using the CLSI-recommended 
methods and quality controls for tobramycin and the seven other antibiotics (amikacin, 
aztreonam, ciprofloxacin, colistin, imipenem, levofloxacin, piperacillin/tazobactam) were 
run.  The MIC was measured by a broth microdilution method using  plates.  A 
positive growth control well was included on every plate.  All of these methods had been 
reviewed prior to the beginning of the clinical study and found to be acceptable by this 
Reviewer. 
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Isolates for susceptibility testing were collected at visit 1 (prior to treatment, Visit 4 
(“ON”-treatment, and Visit 5 (“OFF”-treatment). MIC values were determined for the 
ITT population. Susceptibility to tobramycin was interpreted according to Clinical and 
laboratory standards (CLSI) standards for systemically-administered tobramycin: 
Susceptible, <4 mcg/mL = Susceptible, 8 mcg/mL = Intermediate, > 16 mcg/mL = 
Resistant. 
 

 
 

 
Microbiological Outcome by Tobramycin Baseline MIC 
 
Microbiological outcome is presented by tobramycin baseline (Visit 1) MIC values, at 
Visit 4 (“ON” treatment), and Visit 5 (“OFF” treatment) for all P. aeruginosa 
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morphotypes combined.  Microbiological outcomes by baseline MIC values are 
compared between the two treatment groups at Visits 4 and 5 for the ITT population. 
 
Microbiological outcome: At “ON” treatment (Visit 4), the following definitions were 
given on the basis of the results of the microbiologic test: 
 
 • Eradication (elimination of P. aeruginosa) 
 • Persistence (persistence of P. aeruginosa detected at Visit 1 

• Superinfection (appearance of a pathogen other than P. aeruginosa not detected 
at Visit 1 

 
At “OFF” treatment (Visit 5), the following definitions were given on the basis of the 
results of the microbiologic test: 
 
 • Eradication (elimination of P. aeruginosa) 

• Persistence (persistence of P. aeruginosa detected at Visit 4 or at Visit 1 if Visit 
4 is missing 
• Superinfection (appearance of a pathogen other than P. aeruginosa not detected 
at Visit 4 or at Visit 1, and 
• Re-infection (appearance of P. aeruginosa detected at Visit 1 and eradicated at 
Visit 4 

 
Outcomes were analyzed according to the following hierarchy: Superinfection supersedes 
eradication; Persistence for P. aeruginosa supersedes Superinfection; and Re-infection 
for P. aeruginosa supersedes Superinfection. Overall outcomes could be designated as 
either a “positive outcome” (Eradication) or as a “Negative outcome” if the 
microbiological outcome was Persistence, Superinfection or Re-infection. 
 
Efficacy Analysis 
 
Categorization by Colony Morphology 
 
The Applicant provided information on the tobramycin MIC as it related to different 
morphotypes of P. aeruginosa isolated from the sputum of patients in each treatment 
group. Three morphotypes were recognized: mucoid, dry and small colony variant.  
These morphotypes were equally distributed in the two study groups. Some patients had 
more then one morphotype at a given visit and some patients had all three morphotypes at 
a given visit. No attempt was made to correlate morphotype with disease severity.  When 
the tobramycin susceptibility of different morphotypes was determined the morphotype 
with the highest tobramycin MIC was used for analysis.  
 
The Applicant looked at the tobramycin MICs of the various morphotypes at Visits 1, 4, 
and 5.  A summary of these results is shown in Table 55. There is some suggestion that 
the mucoid morphotype was more susceptible to tobramycin then either the dry or small 
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colony variant which has been suggested by other investigators.  However, the numbers 
of isolates and the variability in the MICs seen in these studies makes it impossible to 
come to any definitive conclusion. 
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MIC Distributions 
 
The distributions and percent range of tobramycin MIC results for P. aeruginosa clinical 
trial isolates (all morphotypes) at Visits 1, 4. and 5 are shown in Table 51. The range of 
MIC values observed for the CHF 1538 and TOBI study arms show the variability of 
MIC results independent of tobramycin drug exposure. 
 
At Baseline (Visit 1) the distribution of P. aeruginosa with MICs <4 mcg/mL in the 
CHF1538 and TOBI arms was 85.4% and 85% respectively.  These percentages 
decreased slightly in each treatment group at Visit 4 (end of “on” cycle) as the 
susceptibility populations for CHF 1538 5.3% while TOBI susceptible [populations 
declined 7.9%.  Additional change in the percentage of susceptible P. aeruginosa isolates 
was observed at the end of the first “OFF” cycle (Visit 5) compared to baseline (Visit 1) 
in both treatment arms; the change in percentage of susceptible isolates for CHF 1538 
and TOBI was 7.9% and 9.6% respectively.  These results suggest that, throughout the 
study, the majority of P. aeruginosa isolates remained susceptible to tobramycin in both 
treatment arms and that both tobramycin formulations produced equivalent 
microbiological treatment effects in the bacterial populations of P. aeruginosa. 
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The activity of seven antibiotics along with tobramycin against the P. aeruginosa isolates 
obtained from patients in both study groups is shown in Table 56. In Table 56 it can be 
seen that the MICs to the various antibiotics were similar in both the CHF 1538 and 
TOBI treatment arms.   
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Distribution of Strains based Upon Tobramycin Susceptibility 
 
Table 57 shows the distribution of tobramycin MIC values for P. aeruginosa for both the 
CHF 1538 and TOBI treatment arms using the tobramycin susceptibility interpretive 
criteria for parenteral tobramycin. The susceptibility profiles at the various days in both 
the CHF 1538 and TOBI study groups are very similar overall.  A substantial proportion 
of isolates in both the CHF 1538 and TOBI treatment groups remained susceptible at the 
end of the “ON” drug period (Visit 4) with 80.2% and 79.1% susceptible respectively. At 
the end of Visit 4, there was an increase in the percentage of resistant isolates in both 
treatment groups with the greatest increase seen in the TOBI treatment group. At visit 5 
(end of the “OFF” drug cycle), there was a slight decrease in the percent resistant isolates 
for both treatment groups relative to visit 4.  The percentage of susceptible isolates was 
similar in both treatment groups at Visit 4 and 5.  Overall, the results demonstrate an 
elevation in MIC value for a small portion of the isolates in both treatment groups during 
the course of the study. 
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Mean Changes from Baseline Viable Counts 
 

The P. aeruginosa bacterial density in log10 CFU/gram of sputum for each treatment 
group by study is shown in Table 58. This is a summary of the individual values for each 
patient.  Similar bacterial load values were observed for the two treatment groups at each 
study visit suggesting these are typical population densities per gram of sputum 
colonizing the lungs of CF patients. The mean change in bacterial density from baseline 
levels is presented for the end of the “ON” cycle (Visit 4) and the end of the “OFF” cycle 
(Visit 5) in Table 59. The bacterial load showed a mean reduction of 2.14 and 2.07 log10 
CFU/gram was observed at the end of the “ON” cycle for CHF 1538 and TOBI 
respectively. The bacterial load at the end of the “OFF” cycle was 0.72 and 0.87 log10 
CFU/gram for CHF 1538 and TOBI respectively, indicating an increase in bacterial load 
relative to the end of the “ON” cycle. The ANCOVA model analysis results are shown in 
Table 60.  No significant difference was evident with respect to the treatment or country 
while a significant difference was observed (p<0.001) for change from baseline log10 
bacterial load (CFU/gram)  
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CT03 Microbiology Outcome 
 
Table 61 provides information on the overall analysis of microbiology outcomes for both 
study groups.  As can be seen in study Visit 4 (end of the “ON” treatment period, there 
was a low percentage of microbiological eradication in both treatment groups (9.2% for 
CFH 1538-treated and 7.1% for TOBI-treated).  This type of result is not uncommon to 
see in cystic fibrosis studies for both inhaled, systemically administered and orally 
administered antibacterials.  Similar rates of persistence and superinfection were noted in 
the two treatment groups. At Visit 5 (end of the “OFF” treatment period), the rates of 
eradication were lower than at Visit 4 in both treatment groups.  While the percentage of 
re-infection in the CH 1538 treatment group was higher then seen in the TOBI-treatment 
group the numbers were small. The Cochran-Mantel-Haenzel test controlling for country 
revealed no statistically significant differences between the CH 1538 and TOBI with 
respect to percentages in outcome categories. From the data in Table 61 it appears from a 
microbiology perspective that CH 1538 produces equivalent results to the approved 
TOBI product. 
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The analysis of microbiological outcomes is analyzed further at all study visits by 
baseline MIC values in Table 62.  This data is further differentiated into baseline 
tobramycin susceptibility categories (Susceptible, Intermediate, or Resistant) in Table 63, 
and summarized in an overall positive or negative outcome in Table 64. 
 
As seen in Table 62 at Visit 4, in both treatment groups, persistence occurred across a 
broad range of MIC values with no apparent correlation with MIC value.  This type of 
results has been observed in other cystic fibrosis antibacterial treatment studies.  At visit 
5, a pattern similar to that seen in Visit 4 was observed with regard to MIC versus 
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eradication, persistence, and superinfection with the exception of eradication which was 
observed less frequently. Re-infections at Visit 5 were distributed across a wide range of 
MIC values in both treatment groups.  There is an increase in the incidence of reinfection 
for both treatment arms in Visit 5 compared to Visit 4.  This increase, the Applicant 
hypotheses is likely do to emergence of P. aeruginosa in patients previously categorized 
as eradication. 
 
The microbiological outcome data shows that there were no uncommon instances of 
microbiological eradication in either the CHF 1538 or TOBI-treatment groups at either 
visit 4 or 5.  A high percentage of persistors were observed in the treatment groups at 
Visit 4 and 5, with a modest incidence of superinfection and reinfection (Visit 5).  The 
persistence of P. aeruginosa during and after antibacterial treatment is not unexpected and 
the numbers seen in these studies are consistent with other data. 
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The microbiological outcome data analyzed above was assessed according to systemic 
tobramycin interpretive criteria as seen in Table 63. The general conclusions from this 
analysis are similar to those stated for outcome versus MIC value analysis (Table 62). For 
both treatment groups, persistence is reported for isolates that were susceptible, 
intermediate or resistance to tobramycin.  For both Visits 4 and 5, and in both treatment 
groups, more than 76% of the P. aeruginosa isolates were susceptible to tobramycin and 
yet were persistent.  This suggests a lack of correlation between MICs and 
microbiological outcome a result that has been seen in other studies.   
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Table 64 provides a summary of microbiological outcomes by visit for the ITT 
population. The positive and negative outcomes were very similar in the two treatment 
groups. 
 

 
 
Treatment Emergent Microorganisms 
 
Table 65 presents information on the bacteria and yeast isolated from patients with 
superinfection at Visits 4 and 5. The bacteria and yeast not seen on the first visit are 
detailed in the table. The bacteria and yeast are similar in both treatment groups. While 
classified as superinfection none of the patients required treatment for exacerbation of 
symptoms. 
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MIC Changes During Therapy 
 
Table 66 provides information on the changes in tobramycin MICs in both treatment 
groups for visits 4 (“ON” tobramycin) and 5 (“OFF”) tobramycin.  Overall the tendency 
for MIC values to increase during conduct of the study was similar in the treatment 
groups. 
 

 
 
OVERALL CONCLUSION 
 
See page 2  
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IND 72,068 
 
REMARKS 
 
This is a 505(b)(2) submission for the use of inhaled tobramycin to manage Pseudomonas 
aeruginosa infections in cystic fibrosis patients. 
 
 
OVERALL CLINICAL MICROBIOLOGY CONCLUSION  
 
The primary objective of the studies conducted (CT01, CT02 and CT03) were to 
demonstrate the non-inferiority of inhaled aerosolized CHF 1538 compared to TOBI in 
patients with CF with chronic infection of the lungs with P. aeruginosa.  The primary 
efficacy variable was FEV1% predicted normal at the end of the 4 week treatment phase.  
Both the medical officer and statistician reviews should be consulted for the outcome of 
the primary outcome for study CT03. 
 
Secondary microbiological efficacy variables were: 
 

• Microbiological cultures (eradication, persistence, or re-infection with respect to 
P. aeruginosa or super-infection with respect to other bacteria) at Visits 4 and 5. 

 • Tobramycin MIC50 at Visits 4 and 5 
 • Tobramycin MIC90 at Visits 4 and 5 
 • Tobramycin MIC and Visits 4 and 5; and  
 • P. aeruginosa bacterial load expressed in CFUs at Visits 4 and 5 
 
Microbiology data from all studies showed that many of the P. aeruginosa isolates 
present in the study patients had elevated MIC values for numerous anti-pseudomonas 
agents, and the minimal inhibitory concentration (MIC) values spanned the range of 
susceptible to tobramycin to resistant to tobramycin as determined by using tobramycin 
susceptibility test interpretive criteria for systemically administered tobramycin. Overall 
the susceptibility profiles of the baseline P. aeruginosa isolates were similar in both 
treatment groups. 
 
Both treatments (CHF 1538 and TOBI) during the CT03 study were able to significantly 
reduce baseline bacterial load in the sputum samples obtained from patients.  However, 
bacterial load increased once treatment of both groups stopped. There was no significant 
difference in the bacterial load between both treatment groups after cessation of 
treatment. In both treatment groups there were increases in the tobramycin MIC for a 
portion of the P. aeruginosa population.  There were a low percentage of microbiological 
eradications in both treatment groups with rates of superinfection and re-infection being 
similar between the two treatment groups. The rates of positive and negative outcomes 
observed for CHF 1538 and TOBI were similar. 
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From a clinical microbiology perspective there is no evidence in the data from the 
treatment study groups (CHF1538 and TOBI) that suggest that CHF 1538 is inferior to 
TOBI for the treatment of Pseudomonas aeruginosa infection in the lungs of cystic 
fibrosis patients. 
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EXECUTIVE SUMMARY 
 
Introduction 
 
Cystic fibrosis (CF) is the most common inherited lethal disease of the white population.  
It occurs primarily in individuals of central and western European origin and affects more 
than 30,000 Americans.  The estimated incidence in the United States is 1 in 2000 to 
2600 live white births, 1 in 19,000 live African American births, 1 in 11,500 live 
Hispanic births, and 1 in 25,000 live Asian American births. CF has an autosomal 
recessive mode of inheritance.  Affected individuals are phenotypic homozygotes and 
both parents usually are heterozygotes or carriers.  The carrier frequency in white 
individuals in the United States is approximately 1 in 25, with full siblings or children 
with CF having a 1 in 4 chance of being affected. In cystic fibrosis, the defect in the 
cyclic adenosine monophosphate-regulated chloride ion channels in the epithelial lining 
of the respiratory system favors the colonization of gram-negative bacteria (mainly P. 
aeruginosa) resulting in inflammation, compromised pulmonary function and mortality in 
CF patients.  
 
The microbial species that are clearly associated with lung disease in CF patients (CF 
lung disease) are relatively few, including Staphylococcus aureus, Pseudomonas 
aeruginosa and Burkholderia cepacia complex. Pseudomonas aeruginosa is the most 
common pathogen of CF lung disease, infecting approximately 60% of the entire CF 
population and close to 80% of adolescents and adults. Staphylococcus aureus is 
recovered from approximately 50% of the CF population. Burkholderia cepacia is 
recovered from ~3% of American CF patients and 15% of Canadian CF patients.   
 
Studies have shown that P. aeruginosa infections in CF patients can be seen as early as 
infancy. The initial isolates of P. aeruginosa that infect CF patients are described as 
“rough” or “planktonic”.  These isolates tend to be susceptible to a variety of 
antimicrobials, are motile and prototrophic and have smooth lipopolysaccharide.  It is at 
this stage that some investigators believe that aggressive antimicrobial therapy can 
eradicate this organism. However, most patients develop chronic infection with an 
unusual phenotype of P. aeruginosa referred to as mucoid.  Mucoid isolates are 
nonmotile, are frequently auxotrophic have rough lipopolysaccharide, and are frequently 
resistant to a wide variety of antimicrobial agents.  The mucoid material is a 
polysaccharide polymer referred to as alginate, which forms the biofilm matrix and 
renders the embedded P. aeruginosa refractory to clearance by the immune system. (21). 
Isolation of P. aeruginosa from the respiratory secretions of CF patients is easily 
accomplished.   
 
IN VITRO 
 
IN VITRO SPECTRUM OF ACTIVITY 
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The Applicant provided information on the minimal inhibitory concentrations (MICs) of 
tobramycin needed to inhibit the growth of Pseudomonas aeruginosa isolates recovered 
from cystic fibrosis patients in the United States. The susceptibility testing of P. 
aeruginosa isolates was done by the method of the Clinical and Laboratory Standards 
Institute (CLSI).  Along with the susceptibility test results for the isolates the Applicant 
provided the quality control (QC) results for each batch of tests.  All of the QC values are 
within the acceptable ranges as recommended by CLSI. All isolates were identified as P. 
aeruginosa by standard identification methods. 
 
Tables 4 & 5 show tobramycin as well as other antibacterial susceptibility results over the 
past 3 years for P. aeruginosa isolates obtained from cystic fibrosis patients in the United 
States. This background information was obtained for isolates from the United States to 
compare to the tobramycin susceptibility of P. aeruginosa isolates obtained during 
clinical studies to assure that the antibiograms of US isolates were similar to those 
obtained during clinical studies done in other countries. The percent resistant to the 
various antibacterials was determined based on interpretive criteria for parenteral forms 
of antibacterials since there are no interpretive criteria for inhaled antibiotics. 
Tobramycin resistance by these criteria (>16 mcg/mL) were identified in 20.4% of P. 
aeruginosa isolated between July 2007 and June 2008 and 17.4% between January 2008 
and June 2009.  A comparison of the susceptibility profiles of the P. aeruginosa isolates 
from the United States and from those obtained from clinical study sites suggests that the 
US isolates are similar to those obtained from clinical study sites outside the US (Table 
68). 
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MECHANISM OF ACTION 
 
Tobramycin a member of the aminoglycoside family of antimicrobials interferes with the 
first steps of protein synthesis by causing a misreading and premature termination of the 
translation or the genetic code of the mRNA template.  The aberrant proteins produced 
maybe inserted into the cell membrane leading to altered permeability and further 
stimulation of aminoglycoside transport. This disruption eventually leads to death of the 
bacterial cell. 
 
MECHANISM OF RESISTANCE 
 
As with other antimicrobials, resistance to aminoglycosides may be intrinsic or acquired.  
Intrinsic resistance may be enzymatic or nonenzymatic.  Mutations at the 16S ribosomal 
RNA (rRNA) can result in resistance.  The methylating enzymes that modify the 16S 
rRNA exemplify enzymatic intrinsic resistance. 
 
Acquired resistance to aminoglycosides results from the combination of decreased drug 
uptake, efflux pump activity or enzymatic modification of the drug. 
 
The predominant resistance mechanisms to tobramycin in P. aeruginosa isolated from CF 
patients is impermeability and to a lesser extend enzymatic modification. Other 
mechanisms which cumulatively lead to decreased susceptibility of P. aeruginosa to 
tobramycin. 
 
POST-ANTIBIOTIC EFFECT (PAE) 
 
The PAE is persistent suppression of bacterial growth after short antimicrobial exposure.  
PAE can be measured in vitro or in animal models of infection.  In vivo, the 
aminoglycosides consistently demonstrate a PAE that varies from 1 to 3 hours in broth 
and serum for P. aeruginosa. 
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TOBRAMYCIN INTERACTION WITH OTHER ANTIMICROBIALS 
 
The mechanism of aminoglycoside synergistic activity may not be the same for all target 
organisms.  Enhanced aminoglycoside uptake in the presence of cell-wall-active drugs 
(e.g. penicillins) has been demonstrated with P. aeruginosa. 
 
PHARMACODYNAMICS OF TOBRAMYCIN 
 
Tobramycin exerts its killing effect against bacteria in a concentration-dependent manner, 
so the higher the peak concentration of the drug (and therefore the higher Cmax/MIC is 
reached), the greater is the degree of killing. 
 
 
IN VITRO SUSCEPTIBILITY TEST METHODS 
 
Susceptibility testing of P. aeruginosa can be done by the standardized method of the 
Clinical and Laboratory Standards Institute (CLSI). 
 

DEVELOPMENT OF QC PARAMETERS FOR IN VITRO SUSCEPTIBILITY 
TESTING 

 
In vitro susceptibility test QC parameters for the in vitro susceptibility testing of 
tobramycin are established. 
 
INTERPRETATION OF IN VITRO SUSCEPTIBILITY TEST RESULTS 
 
There are no interpretive criteria for topical agents such as inhaled tobramycin because 
the concentration of tobramycin achieved at the infected site is many fold higher then the 
concentration achieved when tobramycin is given systemically and there tends to be great 
variability in the concentration of the drug at the infected site when it is given by 
inhalation. While there are no clinical interpretive criteria for tobramycin related to 
isolates from cystic fibrosis patients that can be used to guide therapy the results of in 
vitro susceptibility testing of P. aeruginosa isolates from individual patients can be used 
to determine if there is an decrease in the tobramycin susceptibility of the P. aeruginosa 
which may be used indirectly to guide therapy. 
 
IN VIVO 
 
CLINICAL STUDY 
 
Clinical Study CT03 
 
This is the pivotal study for the approval of this tobramycin product.  CT03 is an open-
label, multinational, multicenter, randomized, parallel group study designed to compare 
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the efficacy and tolerability of aerosolized CHF 1538 and TOBI, both administered via a 
nebulizer (PARI LC Plus® with the PARI Boy N® compressor, Pari, Germany), over a 4-
week treatment in a twice-daily regimen in patients with CF and P. aeruginosa chronic 
infection. 
 

Study CMA-0631-CSR-0025: A multicentre, multinational, open label, 
randomized, parallel group clinical trial of Torineb™/Actitob®/Bramitob® 
(tobramycin solution for nebulization, 300 mg twice daily in 4 mL unit dose 
ampoules) compared to TOBI in the treatment of patients with cystic fibrosis and 
chronic infection with Pseudomonas aeruginosa (Module 5.3.5.1, CT03 CSR 
body). 

 
The study was designed to demonstrate the non-inferiority of CHF 1538 compared to 
TOBI in the primary efficacy variable forced expiratory volume in one second (FEV1) 
predicted normal at the end of the treatment phase in patients with CF and chronic P. 
aeruginosa infection of the lungs. Table 44 provides a summary of clinical study CT03. 
Among the secondary efficacy variables, microbiological tests included quantitative cell 
counts (CFUs) for P. aeruginosa isolated from sputum, and antibiotic susceptibility 
testing of P. aeruginosa. 
 
Sputum Collection and Microbiological Culture Methods 
 
Sputum specimens were collected at the study site and sent under refrigeration to a 
central laboratory ( ).   
 
Antibiotic Susceptibility Testing 
 
Minimal inhibitory concentrations (MIC) were determined using the CLSI-recommended 
methods and quality controls for tobramycin and the seven other antibiotics (amikacin, 
aztreonam, ciprofloxacin, colistin, imipenem, levofloxacin, and piperacillin/tazobactam) 
were run. 
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CT03 - Microbiological Outcome 
 
Microbiological outcome is presented by tobramycin baseline (Visit 1) MIC values, at 
Visit 4 (“ON” treatment), and Visit 5 (“OFF” treatment) for all P. aeruginosa 
morphotypes combined.  Microbiological outcomes by baseline MIC values are 
compared between the two treatment groups at Visits 4 and 5 for the ITT population. 
 
Microbiological outcome: At “ON” treatment (Visit 4), the following definitions were 
given on the basis of the results of the microbiologic test: 
 
 • Eradication (elimination of P. aeruginosa) 
 • Persistence (persistence of P. aeruginosa detected at Visit 1 

• Superinfection (appearance of a pathogen other than P. aeruginosa not detected 
at Visit 1 
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At “OFF” treatment (Visit 5), the following definitions were given on the basis of the 
results of the microbiologic test: 
 
 • Eradication (elimination of P. aeruginosa) 

• Persistence (persistence of P. aeruginosa detected at Visit 4 or at Visit 1 if Visit 
4 is missing 
• Superinfection (appearance of a pathogen other than P. aeruginosa not detected 
at Visit 4 or at Visit 1, and 
• Re-infection (appearance of P. aeruginosa detected at Visit 1 and eradicated at 
Visit 4 

 
Outcomes were analyzed according to the following hierarchy: Superinfection supercedes 
eradication; Persistence for P. aeruginosa supersedes Superinfection; and Re-infection 
for P. aeruginosa supersedes Superinfection. Overall outcomes could be designated as 
either a “positive outcome” (Eradication) or as a “Negative outcome” if the 
microbiological outcome was Persistence, Superinfection or Re-infection. 
 
Efficacy Analysis 
 
MIC Distributions 
 
The distributions and percent range of tobramycin MIC results for P. aeruginosa clinical 
trial isolates at Visits 1, 4. and 5 are shown in Table 51. The range of MIC values 
observed for the CHF 1538 and TOBI study arms show the variability of MIC results 
independent of tobramycin drug exposure. 
 
At Baseline (Visit 1) the distribution of P. aeruginosa with MICs <4 mcg/mL in the 
CHF1538 and TOBI arms was 85.4% and 85% respectively.  These percentages 
decreased slightly in each treatment group at Visit 4 (end of “ON” cycle) as the 
susceptibility populations for CHF 1538 5.3% while TOBI susceptible [populations 
declined 7.9%.  Additional change in the percentage of susceptible P. aeruginosa isolates 
was observed at the end of the first “OFF” cycle (Visit 5) compared to baseline (Visit 1) 
in both treatment arms; the change in percentage of susceptible isolates for CHF 1538 
and TOBI was 7.9% and 9.6% respectively.  These results suggest that, throughout the 
study, the majority of P. aeruginosa isolates remained susceptible to tobramycin in both 
treatment arms and that both tobramycin formulations produced equivalent 
microbiological treatment effects in the bacterial populations of P. aeruginosa. 
 

Reference ID: 2954700



DIVISION OF ANTIINFECTIVE and OPHTHALMOLOGY PRODUCTS (HFD-520) 
CLINICAL MICROBIOLOGY REVIEW 

NDA 201-820                                                               Date review completed: 31 May 11 
 

Page 14 of 103 

 
 

Reference ID: 2954700



DIVISION OF ANTIINFECTIVE and OPHTHALMOLOGY PRODUCTS (HFD-520) 
CLINICAL MICROBIOLOGY REVIEW 

NDA 201-820                                                               Date review completed: 31 May 11 
 

Page 15 of 103 

 
Distribution of Isolates Based Upon Tobramycin Susceptibility 
 
Table 57 shows the distribution of tobramycin MIC values for P. aeruginosa for both the 
CHF 1538 and TOBI treatment arms using the tobramycin susceptibility interpretive 
criteria for parenteral tobramycin. The susceptibility profiles at the various days in both 
the CHF 1538 and TOBI study groups are very similar overall.  A substantial proportion 
of isolates in both the CHF 1538 and TOBI treatment groups remained susceptible at the 
end of the “ON” drug period (Visit 4) with 80.2% and 79.1% susceptible respectively. At 
the end of Visit 4, there was an increase in the percentage of resistant isolates in both 
treatment groups with the greatest increase seen in the TOBI treatment group. At visit 5 
(end of the “OFF” drug cycle), there was a slight decrease in the percent resistant isolates 
for both treatment groups relative to visit 4.  The percentage of susceptible isolates was 
similar in both treatment groups at Visit 4 and 5.  Overall, the results demonstrate an 
elevation in MIC value for a small portion of the isolates in both treatment groups during 
the course of the study. 
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Viable Counts - Mean Changes from Baseline  
 

The P. aeruginosa bacterial density in log10 CFU/gram of sputum for each treatment 
group by study is shown in Table 58. This is a summary of the individual values for each 
patient.  Similar bacterial load values were observed for the two treatment groups at each 
study visit suggesting these are typical population densities per gram of sputum 
colonizing the lungs of CF patients. The mean change in bacterial density from baseline 
levels is presented for the end of the “ON” cycle (Visit 4) and the end of the “OFF” cycle 
(Visit 5) in Table 59. The bacterial load showed a mean reduction of 2.14 and 2.07 log10 
CFU/gram was observed at the end of the “ON” cycle for CHF 1538 and TOBI 
respectively. The bacterial load at the end of the “OFF” cycle was 0.72 and 0.87 log10 
CFU/gram for CHF 1538 and TOBI respectively, indicating an increase in bacterial load 
relative to the end of the “ON” cycle. The ANCOVA model analysis results are shown in 
Table 60.  No significant difference was evident with respect to the treatment or country 
while a significant difference was observed (p<0.001) for change from baseline log10 
bacterial load (CFU/gram)  

 

Reference ID: 2954700



DIVISION OF ANTIINFECTIVE and OPHTHALMOLOGY PRODUCTS (HFD-520) 
CLINICAL MICROBIOLOGY REVIEW 

NDA 201-820                                                               Date review completed: 31 May 11 
 

Page 17 of 103 

 

Reference ID: 2954700



DIVISION OF ANTIINFECTIVE and OPHTHALMOLOGY PRODUCTS (HFD-520) 
CLINICAL MICROBIOLOGY REVIEW 

NDA 201-820                                                               Date review completed: 31 May 11 
 

Page 18 of 103 

 

Reference ID: 2954700



DIVISION OF ANTIINFECTIVE and OPHTHALMOLOGY PRODUCTS (HFD-520) 
CLINICAL MICROBIOLOGY REVIEW 

NDA 201-820                                                               Date review completed: 31 May 11 
 

Page 19 of 103 

 
 
Overall - Microbiology Outcome 
 
Table 61 provides information on the overall analysis of microbiology outcomes for both 
study groups.  As can be seen for study Visit 4 (end of the “ON” treatment period, there 
was a low percentage of microbiological eradication in both treatment groups (9.2% for 
CFH 1538-treated and 7.1% for TOBI-treated).  This type of result is not uncommon in 
cystic fibrosis studies for inhaled, systemically administered and orally administered 
antibacterials.  Similar rates of persistence and superinfection were noted in the two 
treatment groups. At Visit 5 (end of the “OFF” treatment period), the rates of eradication 
were lower than at Visit 4 in both treatment groups.  While the percentage of re-infection 
in the CH 1538 treatment group was higher then seen in the TOBI-treatment group the 
numbers were small. The Cochran-Mantel-Haenzel test controlling for country revealed 
no statistically significant differences between the CH 1538 and TOBI with respect to 
percentages in outcome categories. From the data in Table 61 it appears from a 
microbiology perspective that CH 1538 produces equivalent results to the approved 
TOBI product. 
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The analysis of microbiological outcomes is analyzed further at all study visits by 
baseline MIC values in Table 62.  This data is further differentiated into baseline 
tobramycin susceptibility categories (Susceptible, Intermediate, or Resistant) in Table 63, 
and summarized in an overall positive or negative outcome in Table 64. 
 
As seen in Table 62 at Visit 4, in both treatment groups, persistence occurred across a 
broad range of MIC values with no apparent correlation with MIC value.  This type of 
results has been observed in other cystic fibrosis antibacterial treatment studies.  At visit 
5, a pattern similar to that seen in Visit 4 was observed with regard to MIC versus 
eradication, persistence, and superinfection with the exception of eradication which was 
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observed less frequently. Re-infections at Visit 5 were distributed across a wide range of 
MIC values in both treatment groups.  There is an increase in the incidence of reinfection 
for both treatment arms in Visit 5 compared to Visit 4.  This increase, the Applicant 
hypotheses, is likely do to emergence of P. aeruginosa in patients previously categorized 
as eradication. 
 
The microbiological outcome data shows that there were no uncommon instances of 
microbiological eradication in either the CHF 1538 or TOBI-treatment groups at either 
visit 4 or 5.  A high percentage of persistors were observed in the treatment groups at 
Visit 4 and 5, with a modest incidence of superinfection and reinfection (Visit 5).  The 
persistence of P. aeruginosa during and after antibacterial treatment is not unexpected 
and the numbers seen in these studies are consistent with other data. 
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The microbiological outcome data analyzed above was assessed according to systemic 
tobramycin interpretive criteria as seen in Table 63. For both treatment groups, 
persistence was reported for isolates that were susceptible, intermediate or resistance to 
tobramycin.  For both Visits 4 and 5, and in both treatment groups, more than 76% of the 
P. aeruginosa isolates were susceptible to tobramycin and yet were persistent.  This 
suggests a lack of correlation between MICs and microbiological outcome a result that is 
seen in other studies.   
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Table 64 provides a summary of microbiological outcomes by visit for the ITT 
population. The positive and negative outcomes were very similar in the two treatment 
groups. 
 

 
 
MIC Changes during Therapy 
 
Table 66 provides information on the changes in tobramycin MICs in both treatment 
groups for visits 4 (“ON” tobramycin) and 5 (“OFF” tobramycin).  Overall the tendency 
for MIC values to increase during conduct of the study was similar in the treatment 
groups. 
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CLINICAL MICROBIOLOGY CONCLUSION  
 
From a clinical microbiology perspective there is no evidence in the data from the 
treatment study groups (CHF1538 and TOBI) that suggest that CHF 1538 is inferior to 
TOBI for the treatment of Pseudomonas aeruginosa infection in the lungs of cystic 
fibrosis patients. 
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INTRODUCTION 
 
Cystic fibrosis (CF) is the most common inherited lethal disease of the white population.  
It occurs primarily in individuals of central and western European origin and affects more 
than 30,000 Americans.  The estimated incidence in the United States is 1 in 2000 to 
2600 live white births, 1 in 19,000 live African American births, 1 in 11,500 live 
Hispanic births, and 1 in 25,000 live Asian American births (1). CF has an autosomal 
recessive mode of inheritance.  Affected individuals are phenotypic homozygotes and 
both parents usually are heterozygotes or carriers.  The carrier frequency in white 
individuals in the United States is approximately 1 in 25, with full siblings or children 
with CF having a 1 in 4 chance of being affected (1). In cystic fibrosis, the defect in the 
cyclic adenosine monophosphate-regulated chloride ion channels in the epithelial lining 
of the respiratory system favors the colonization of gram-negative bacteria (mainly P. 
aeruginosa) resulting in inflammation, compromised pulmonary function and mortality in 
CF patients (2,3,4,5).  Upon entry of P. aeruginosa in CF lungs, penetration of mucous 
surface and colonization is followed by a genetic transformation of non-mucoid to 
mucoid (alginate-producing) phenotype (6,7). Although non-mucoid bacteria are more 
virulent, they are also better recognized by the immune response, while the mucoid 
phenotype increases bacterial adherence and resistance to phagocytosis (7,8).  As the 
infection progresses, bacteria release virulence factors through quorum-sensing (bacterial 
communication), inducing the inflammatory response (8).  Unlike normal airway 
secretions, the inflammatory response increases concentrations of neutrophils-derived 
DNA and filamentous actin in the CF mucous, which interact and bind to glycoproteins 
(e.g. mucin) (9,10,11,12).  The physical interaction of abnormally high concentrations of 
such factors results in viscous layers (sputum) that cover the epithelia surface and allow 
for bacterial adherence and biofilm protection (13,14). 
 
The microbial species that are clearly associated with lung disease in CF patients (CF 
lung disease) are relatively few, including Staphylococcus aureus, Pseudomonas 
aeruginosa and Burkholderia cepacia complex (15). Organisms having a secondary role 
in CF lung disease include respiratory viruses, such as respiratory syncytial virus and 
influenza virus; Haemophilus influenzae; and Aspergillus fumigatus.  Mycobacterium 
spp. but not Mycobacterium tuberculosis, Stenotrophomonas maltophilia and Alcaligenes 
xylosoxidans are being seen with increasing frequency in CF patients, in part because of 
the increasing life span of CF patients and the relentless use of antimicrobial agents in 
this population (15). However, the role of the latter organisms in CF lung disease has not 
been clearly determined.  In addition, organisms that phenotypically resemble B. cepacia 
complex organisms (i.e. Burkholderia gladioli, Ralstonia spp., and Pandoraea spp.) are 
also being seen with increasing frequencies due to the use of selective media that improve 
the rates of recovery of B. cepacia complex isolates (15). 
 
Pseudomonas aeruginosa is the most important pathogen of CF lung disease, infecting 
approximately 60% of the entire CF population and close to 80% of adolescents and 
adults (16). Staphylococcus aureus is recovered from approximately 50% of the CF 
population. Burkholderia cepacia is recovered from ~3% of American CF patients and 
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15% of Canadian CF patients.  The repercussions of infection with B. cepacia are 
extensive.  In CF patients, infection with B. cepacia complex is associated with increased 
rates of mortality and morbidity. Roughly 20% of CF patients colonized with B. cepacia 
complex develop the “cepacia syndrome” (17).  These patients experience a rapid decline 
in pulmonary function, frequent bacteremia, and ultimately death due to lung failure. 
Patient to patient transfer of B. cepacia has been documented (17). The review will 
concentrate on P. aeruginosa since the Sponsor is targeting this organism with nebulized 
amikacin. 
 
Studies have shown that P. aeruginosa infections in CF patients can be seen as early as 
infancy (18). The initial strains of P. aeruginosa that infect CF patients are described as 
“rough” or “planktonic” strains.  These strains tend to be susceptible to a variety of 
antimicrobials, are motile and prototrophic and have smooth lipopolysaccharide.  It is at 
this stage that some investigators believe that aggressive antimicrobial therapy can 
eradicate this organism (19). However, most patients develop chronic infection with an 
unusual phenotype of P. aeruginosa referred to as mucoid.  Mucoid isolates are 
nonmotile, are frequently auxotrophic have rough lipopolysaccharide, and are frequently 
resistant to a wide variety of antimicrobial agents (20).  The mucoid material is a 
polysaccharide polymer referred to as alginate, which forms the biofilm matrix and 
renders the embedded P. aeruginosa refractory to clearance by the immune system. (21). 
Isolation of P. aeruginosa from the respiratory secretions of CF patients is easily 
accomplished (21).   
 
Susceptibility testing of P. aeruginosa isolates recovered from CF patients is an area of 
some controversy.  Multiple morphotypes may be recovered from patient sputum.  
Studies that compared the performance of susceptibility testing of a mixture of different 
morphotypes versus the performance of testing each morphotypes showed the testing a 
mixture of morphotypes may underestimate resistance (22). Two areas of controversy 
exist in the area of susceptibility testing of P. aeruginosa isolates. The first is that P. 
aeruginosa grows anaerobically within the airways of CF patients (23).  If this is true 
then aminoglycosides which have not activity anaerobically should not be active against 
P. aeruginosa. This directly conflicts with the results of studies that show 
aminoglycosides given intravenously and aerosolized have a positive impact on the lung 
functions and life expectancies of CF patients (24).  However, anaerobically growing P. 
aeruginosa may contribute to this organism’s ability to persist in the face of high 
concentrations of aminoglycosides (23). A second area of controversy is the microbial 
form of P. aeruginosa that should be used for susceptibility testing of P. aeruginosa. The 
two forms are the biofilm form and the planktonic form. The susceptibilities of mucoid P. 
aeruginosa isolates growing as biofilm have been compared to those strains growing 
planktonically, which are used in clinical laboratory susceptibility testing.  Recently, 
equipment called the “Calgary device” has been developed that allows susceptibility 
testing to be performed with mucoid P. aeruginosa isolates growing as biofilms. 
P. aeruginosa grown in a biofilm were significantly more resistant to antipseudomonal 
drugs.  This data suggests that susceptibility tests obtained by testing planktonically 
growing isolates may underestimate the drug resistance of mucoid P. aeruginosa (24).  
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IN VITRO 
 
IN VITRO SPECTRUM OF ACTIVITY 
 
The Applicant provided information on the minimal inhibitory concentrations (MICs) of 
tobramycin to inhibit Pseudomonas aeruginosa isolates recovered from cystic fibrosis 
patients in the United States. The susceptibility testing of P. aeruginosa isolates was done 
by the method of the Clinical and Laboratory Standards Institute (CLSI) (25,26).  Along 
with the susceptibility test results for the isolates the Applicant provided the quality 
control (QC) results for each batch of tests.  All of the QC values are within the 
acceptable ranges as recommended by CLSI (27) [data not shown (28)]. All isolates were 
identified as P. aeruginosa by standard identification methods. 
 
Tables 1 to 5 show the results over the past 3 years for P. aeruginosa isolates obtained 
from cystic fibrosis from the United States for tobramycin and a variety of other 
antimicrobials. This background information was obtained for isolates from the United 
States to compare to the tobramycin susceptibility of P. aeruginosa isolates obtained 
during clinical studies to assure that the antibiograms of these US isolates were similar to 
those obtained during clinical studies done in other countries. The percent resistant to the 
various antibacterials was determined based on interpretive criteria for parenteral forms 
of antibacterials (2) since there are no interpretive criteria for inhaled antibiotics. 
Tobramycin resistance by these criteria (>16 mcg/mL) were identified in 20.4% of P. 
aeruginosa isolated between July 2007 and June 2008 and 17.4% between January 2008 
and June 2009 (Table 4).  While the P. aeruginosa isolates with MICs of >16 mcg/mL 
were considered resistant to tobramycin given by the parenteral route the amount of 
tobramycin reaching the lungs is many time more then 16 mcg/mL therefore the growth 
of  P. aeruginosa in the lung may be inhibited by the higher concentrations of 
tobramycin. 
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The tobramycin and other antimicrobial susceptibilities of isolates obtained during the 
Phase 3 clinical trials are shown in Table 67. Table 68 shows a comparison of the P. 
aeruginosa isolates at baseline from the various studies and the US surveillance isolates.  
As seen the susceptibilities of the P. aeruginosa obtained during the Phase 3 trials were 
quite similar to the susceptibility profiles of the P. aeruginosa from US patients. 
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MECHANISM OF ACTION 
 
Tobramycin a member of the aminogylcoside family of antimicrobials interferes with the 
first steps of protein synthesis by causing a misreading and premature termination of the 
translation or the genetic code of the mRNA template.  The aberrant proteins produced 
maybe inserted into the cell membrane leading to altered permeability and further 
stimulation of aminoglycoside transport. This disruption eventually leads to death of the 
bacterial cell. 
 
PHARMACODYNAMICS OF TOBRAMYCIN 
 
Tobramycin exerts its killing effect against bacteria in a concentration-dependent manner, 
so the higher the peak concentration of the drug (and therefore the higher Cmax/MIC is 
reached), the greater is the degree of killing (31). 
 
MECHANISM OF RESISTANCE 
 
As with other antimicrobials, resistance to aminoglycosides may be intrinsic or acquired.  
Intrinsic resistance may be enzymatic or nonenzymatic.  Mutations at the 16S ribosomal 
RNA (rRNA) can result in resistance.  The methylating enzymes that modify the 16S 
rRNA exemplify enzymatic intrinsic resistance. 
 
Acquired resistance to aminoglycosides results from the combination of decreased drug 
uptake, efflux pump activity or enzymatic modification of the drug. 
 
All enterococci have intrinsic resistance to aminoglycosides with MICs ranging from 4 to 
256 mcg/mL. The resistance in this case is attributed to the facultative anaerobic 
metabolism of enterococci which in turn reduces the transmembrane potential and hence 
limits uptake of the aminoglycoside. Acquisition of genes that encode aminoglycoside-
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modifying enzymes leads to high-level aminoglycoside resistance with loss of synergistic 
activity with penicillins or vancomycin. 
 
The predominant mechanism of resistance to tobramycin in P. aeruginosa isolated from 
CF patients is impermeability and to a lesser extend enzymatic modification and other 
mechanisms which cumulatively lead to decreased susceptibility of P. aeruginosa to 
tobramycin. 
 
POST-ANTIBIOTIC EFFECT (PAE) 
 
The PAE is persistent suppression of bacterial growth after short antimicrobial exposure.  
PAE can be measured in vitro or in animal models of infection.  In vivo, the 
aminoglycosides consistently demonstrate a PAE that varies from 1 to 3 hours in broth 
and serum for P. aeruginosa (29). 
 
TOBRAMYCIN INTERACTION WITH OTHER ANTIMICROBIALS 
 
The mechanism of aminoglycoside synergistic activity may not be the same for all target 
organisms.  Enhanced aminoglycoside uptake in the presence of cell-wall-active drugs 
(e.g. penicillins) has been demonstrated with P. aeruginosa (30). 
 
IN VITRO SUSCEPTIBILITY TEST METHODS 
 
Susceptibility testing of P. aeruginosa can be done by the standardized method of the 
Clinical and Laboratory Standards Institute (CLSI) (25). 
 

DEVELOPMENT OF QC PARAMETERS FOR IN VITRO SUSCEPTIBILITY 
TESTING 

 
In vitro susceptibility test QC parameters for the in vitro susceptibility testing of 
tobramycin have been established (27). 
 
INTERPRETATION OF IN VITRO SUSCEPTIBILITY TEST RESULTS 
 
There are no interpretive criteria for topical agents such as inhaled tobramycin because 
the concentration of tobramycin achieved at the infected site is many fold higher then the 
concentration achieved when tobramycin is given systemically.  
 
IN VIVO 
 
CLINICAL STUDIES 
 
Studies CT01 and CT02 
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CT01 – Study DM/RS/10000/001/04 – Double blind, multicenter, randomized, placebo-
controlled, parallel groups clinical trial of CHF 1538 tobramycin 300 mg/4 mL inhalation 
solution (300 mg BID) in the 4-week treatment (plus 4 weeks or run-out) of patients with 
CF and a positive culture of P. aeruginosa (See Module 5.3.5.1, CT01 CSR Body) 
 
CT02 – Study DM/RS/10000/002/04 – Double-blind, multicenter, randomized, placebo-
controlled, parallel groups clinical trial of intermittent CHF 1538 (tobramycin 300 
mg/mL inhalation solution) or placebo in three 4-week cycles of treatment, given in 
addition to other anti-pseudomonal treatments, in patients with CF and a positive culture 
for P. aeruginosa (see Module 5.3.5.1, CT02 CSR Body) 
 
In addition, the clinical development program of CHF 1538 also included two additional 
studies, a clinical pharmacokinetic study comparing bioavailability of CHF-1538 versus 
TOBI (Study CP01, and an active-comparator-controlled clinical study of CHF 1538 
versus TOBI (Study CT03). 
 
Studies CT01 (Phase II) and CT02 (Phase III) were designed to demonstrate the superior 
efficacy of CHF 1538 (300 mg administered BID) versus inhaled aerosolized placebo in 
terms of improved lung function and microbiological outcomes.  In Study CT02, patients 
were randomized 2:1 to treatment with either CHF 1538 or placebo.  The study designs 
for both trials are summarized in Table 16 to 19. 
 
The clinical studies with CHF 1538 were performed in Europe.  Study CT01 was 
conducted at 13 active centers located in four countries: Ukraine (seven), Italy (three), 
France (two) and Moldavia (one).  Study Ct02 was conducted in 21 active centers located 
in three countries: Poland (nine), Hungary (eight, Russia (four). 
 
Microbiology 
 
Bacterial culture of sputum samples was performed at the local study site laboratory in 
both studies.  Antibiotic susceptibility testing included testing of P. aeruginosa isolates 
was done at the local site laboratory in study CT01. In Study CT02, the MIC assessment 
of tobramycin was also performed by a central analytical laboratory in 

.  The in vitro sputum samples were sent from the 
investigational sites in all countries using a refrigerated courier with temperature 
monitoring. 
 
Efficacy variables 
 
The primary efficacy variable of study CT01 and CT02  
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Pharmacokinetics of tobramycin 
 
Table 1 shows a summary of the clinical pharmacology studies. 
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Definition of Data Sets 
 

Intent-to Treat – Includes all randomized patients who received at least one dose 
of study medication and had post-baseline data 
Per-Protocol (PP) – Includes all ITT patients who met all inclusion/exclusion 
criteria and who did not have any major protocol deviation.  The primary efficacy 
endpoint was analyzed on this population. 
Safety-Population – Includes all randomized patients who took at least one dose 
of study medication. 

 
Definition of the data Sets Analyzed 
 
 • The Intent-to Treat (ITT) population included all randomized patients who 
               received at least one dose of study medication and had post baseline data; 
 • The Per Protocol (PP) population include all ITT patients who met all  
              inclusion/exclusion criteria and who did not have any major protocol deviation.  
              The primary efficacy endpoint was analyzed on this population. 
 
Table 22 shows the study analysis populations for studies CT01 and CT02. 
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Efficacy Analyses 
 
Standard microbiological tests for assessment of bacteriological effects were used in 
these studies.  An in vitro assessment (MIC, MIC90) of the susceptibility of P. aeruginosa 
to tobramycin was performed by using the conventional procedures practiced in the 
countries where the study was conducted.  The MIC50 value was also calculated later to 
conform to conventional microbiological reporting practices in the U.S. 
 
Summary MIC values (MIC50, MIC90, and MIC range) were determined for the ITT 
population. Descriptive values were based on the highest MIC value at each study visit 
provided for all P. aeruginosa morphotypes combined and in CT02, as subgroups by 
pigment production. Resistance to tobramycin was determined according to CLSI 
standards for parenteral tobramycin as an MIC > 16 mcg/mL. The development of 
resistance to tobramycin before, during and after treatment was analyzed. 
 
The mean change from baseline bacterial load of P. aeruginosa (log10 CFU/mL) was 
analyzed at selected study visits for each treatment group. Categorical results for 
microbiological outcome (eradication, persistence, superinfection, or re-infection) are 
summarized (standard descriptive statistics). 
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Table 3 shows a comparison and analyses of results across studies. As can be seen from 
the CPO1 and CTO1 studies the concentration of tobramycin in the sputum is extremely 
variable.  In some cases the concentration could be less then the MIC90 range (16 to 64 
mcg/mL) for P aeruginosa isolated from the sputum of cystic fibrosis patients. 
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Study CT01 
 
Study CT01 
 
Tobramycin Susceptibility Profiles  
 
The ITT population contained 29 patients in the CHF 1538-treatment arm and 30 patients 
in the placebo-treatment arm.  Tobramycin susceptibility data are presented as MIC 
values for P. aeruginosa clinical trial isolates.  The distributions of MIC results for P. 
aeruginosa are shown in Table 23. As can be seen the MIC range in the CHF 1538 study 
group was broader then in the placebo arm and the MIC90 was higher on visits 1 and 5 in 
the CH 1538 group then in the placebo group. The significance of this is not known. 
 

 
 
Table 24 shows the distribution of tobramycin MIC values in study CT01 using systemic 
interpretive breakpoints. 
 

 
 
Mean Change from Baseline Viable Counts 
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The mean change in bacterial density from baseline levels is presented after treatment 
(visit 4) and at the end of the “OFF” cycle (Visit 5) in Table 26.  At visit one the baseline 
bacterial load was similar between groups.  BT visit 4, CHF 1538 treatment resulted in a 
significantly greater reduction in bacterial count than placebo (-2.16 versus -0.89 
CFU/gram, p=0.008, 95% CI [-2.18, -0.34]. However, this difference between groups in 
bacterial load was no longer apparent at the end of the “OFF” cycle (Visit 5). 
 

 
 
Microbiological Outcome 
 
The analysis of microbiological outcome at all visits by baseline MIC value is presented 
in Table 27.  At visit 4 (sample obtained after completion of the “ON” cycle treatment), 
CHF 1538 treatment resulted in a higher rate of eradication than the placebo (34.5% 
versus 20.8%) as well as a lower percentage of persistence (37.9% versus 75%).  The rate 
of superinfection was substantially higher in the CHF 1538 group (27.6%) than the 
Placebo group (4.2%).  Re-infection was not observed in either treatment arm at Visit 4. 
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At Visit 5 (sample obtained at end of the “OFF” cycle), the percentage eradication was 
substantially lower than Visit 4 in both treatment groups (10.7% for CHF 1538 versus 
13.6% for placebo).  Similar rates of persistors (42.9% versus 54.5%) were observed in 
the two treatment groups.  The rate of superinfection was higher for the CHF 1538 treated 
patients (37.5%) than the placebo treated patients (22.7%).  A similar rate of re-infection 
was observed in both groups. 
 
MIC Changes During Therapy 
 
An assessment of P. aeruginosa MIC shifts for individual patients from the baseline 
value to those values observed during Visit 4 or 5 are summarized in Table 28. At visit 4, 
there were no isolates in either treatment group whose MIC had changed by >4-fold 
increase from the baseline value. 
 
A comparison of baseline to Visit 5 values shows that the MIC value increased in only 
one CHF 1538 patient and no placebo-treated patients.  There are some instances were 
there were decreases ion the MIC for both the CHF 1538 and placebo treated groups. 
 
The data in Table 28 suggests that the use of tobramycin per the treatment regimen 
employed in this trial did not significantly alter the susceptibility of the clinical trial 
isolates. 
 

 
 
Study CT02 
 
Baseline Results 
 
Inclusion criteria for this study required a patient to have P. aeruginosa isolated from the 
sputum sample collected at baseline.  The ITT population contained a total of 161 
patients in the CHF 1538 treatment arm and 84 patients in the placebo arm. Bacteria in 
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addition to P. aeruginosa that were most commonly isolated in both treatment groups at 
baseline visit included Staphylococcus aureus and less often Candida albicans, 
Haemophilus species, and streptococci. 
 
The Applicant categorized the isolates from the CHF 1538 and placebo treatment arms by 
color of the P. aeruginosa colonies. P. aeruginosa producing green pigment was the 
predominant type at Visit 1 (`64%) in both treatment groups and remained the 
predominant type throughout the study in both treatment groups. 
 
MIC Data 
 
MIC values at baseline were similar for P. aeruginosa (all morphotypes combined) in 
both treatment groups.  MIC values ranged from <0.25 to 64 mcg/mL.  These results are 
seen in Table 29. 
 
The distribution and percent range of tobramycin MIC results for P. aeruginosa clinical 
trial isolates at Visits 1, 4, 5, 8, and 9 are shown in Table 29. The range of MICs observed 
for the CHF 1538 and placebo study arms describe the variability of the MIC results 
independent of CHF 1538 exposure.  This type of result has been seen for other cystic 
fibrosis studies for not only tobramycin but other antibacterials. Table 29 also shows the 
comparability of the P. aeruginosa tobramycin susceptibility in the treatment and placebo 
arms and the consistency between visits in the two treatment arms. 
 

 
 
Table 31 shows the distribution of isolates based on tobramycin susceptibility.  The 
criteria for grouping the isolates was the parenteral susceptibility MIC interpretive 
criteria (mcg/mL) (<4 = susceptible, 8 = Intermediate and >16 = Resistant. 
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The data were further examined to determine where the isolates with high MIC values 
(MIC >16 mcg/mL) were distributed by study visit.  Results of this analysis are shown in 
Table 32.  The data show the percentage of CHF 1538 patients with high MIC values 
increased after treatment and at follow-up compared to baseline value.  The percent of 
placebo patients with MIC >16 mcg/mL also increased, but to a lesser extent, over the 
course of the study. 
 

 
 
Mean Change from Baseline Viable Counts 
 
The mean change in bacterial density from baseline levels is presented for at the end of 
“ON” cycles and at the end of the “OFF” cycles in Table 33.  The baseline bacterial load 
was very similar between groups.  By the end of the first “ON” cycle, CHF 1538 
treatment resulted in a significantly greater mean reduction in bacterial count than 
placebo (-1.67 versus -0.57 log10 CFU/gram, p,0.001, 95% CI [-1.59,-0.61]) that was 
maintained through the end of the first “OFF” cycle.  Following additional CHD 1538 
treatment, a significantly greater mean reduction in bacterial count than placebo resulted 
(-1.73 versus -0.62 log10 CFU/gram, p<0.001, 95% CI [-1.65,-0.56]) at the end of the 
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“ON” cycle.  The significant difference in bacterial load between treatment groups was 
not apparent at the end of the last “OFF’ cycle. 
 

 
 
Microbiological Outcome 
 
The analysis by baseline MIC (Table 34) shows that there were rare instances of 
microbiological eradication in either the CHF 1538 or placebo groups at any visit.  There 
were a high percentage of persistors in the CHF 1538 group at Visits 4 and 8 with 
somewhat lower percentage at Visits 5 and 9.  A high percentage of persistors were also 
present in the placebo group at all visits.  
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MIC Changes During Therapy 
 
Table 35 shows the tobramycin MIC shifts from baseline to follow-up. MIC values were 
unchanged (+/-2 fold) for 34.9% and 37.5% in the CHF 1538 groups at the end of 
treatment and the follow-up visits and for 27.1% and 23.4% in the placebo group, 
respectively.  However, at the end of therapy and the follow-up visits, a greater 
percentage of strains in the CHF 1538 group showed a > 4 fold in crease in tobramycin 
MIC than isolates in the placebo group.  MIC values decreased > 4 fold for 
approximately 4% of isolates in each treatment group. 
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Integration of CT01 and CT02 Results 
 
Inclusion criteria for both studies required a patient to have P. aeruginosa isolated from 
the sputum sample collected at Visit 1 and in Study CT01 only; the P. aeruginosa isolate 
was requested to be susceptible to tobramycin.  Study CT01 enrolled patients in a 1:1 
ratio, while patients in Study CT02 were randomized 2:1 in the CHF 1538: Placebo 
treatment groups.  P. aeruginosa was isolated from a total of 190 CHF 1538 patients and 
114 Placebo patients (ITT population) in the 2 studies.  Baseline P. aeruginosa MIC 
values were available for a total of 189 CHF 1538 patients and 107 placebo patients (ITT 
population) in the 2 studies.  Organisms in addition to P. aeruginosa that were most 
commonly isolated in both treatment groups at Visit 1 included Staphylococcus aureus 
and less often, Candida albicans, Haemophilus species, and streptococci. 
 
MIC Distributions 
 
Table 36 shows the integrated results of the distribution of tobramycin MIC results for P. 
aeruginosa at Visits 1, 4, and 5. The distribution of MIC values for isolates at baseline 
(Visit 1) was comparable between the 2 treatment groups, with the majority of isolates 
having MIC values <8 mcg/mL (CHD 1538 85.7%, Placebo group 83.2%).  The 
distribution of MIC values remained comparable between treatment groups at Visits 4 
and 5.  Throughout the study,, the majority of P. aeruginosa isolates remained 
susceptible to tobramycin (MIC <8 mcg/mL) in both treatment groups, although the 
susceptible percentage in CHF 1538 group declined slightly compared to Visit 1 at the 
subsequent visits. While percentages in the placebo group showed less variation. 
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MIC range, MIC50 and MIC90 values are summarized for each treatment group by Visit in 
Table 37. 
 

 
Distribution of Isolates Based upon Tobramycin Susceptibility 
 
Table 38 shows the distribution of tobramycin MICs based on parenteral MIC 
interpretive criteria.  For the CHF 1538 patients the majority of isolates (82.0%) had MIC 
values of <4 mcg/mL (Susceptible) at baseline.  A substantial proportion of isolates in the 
CHF 1538 treatment group remained Susceptible at the end of therapy (72.1%) and at 
follow-up (77.1%) visits.  For placebo-treated patients, the majority of isolates (78.5%) 
had MIC values <4 mcg/mL at baseline and only varied slightly (76.4% to 79.8%) at later 
visits in the study. 
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Only 3.7% if isolates in the CHF 1538 patients were considered intermediate (8mcg/mL) 
at baseline; the percentage increased slightly at the end of therapy visit but declined to 
3.2% by the follow-up visit.  The percentage of placebo patients with isolates considered 
Intermediate showed a similar pattern: 4.7%, slightly higher at the end of therapy, and 
declining to 4.5% by the follow-up visit. 
 
A higher percentage of isolates considered Resistant (>16 mcg/mL) was noted in the 
placebo group (16.8%) than in the CHF 1538 group (14.3%) at baseline.  However, the 
CHF 1538 treatment group had a slightly higher percentage of isolates considered 
Resistant at the end of therapy (22.5%) in the CHF 1538 group versus 16.9% in the 
placebo group).  The proportion of resistant isolates remained consistent for each 
treatment group at the follow-up visit. 
 

 
Mean Change in Viable P. aeruginosa Counts from Baseline 
 
Table 39 provides information on the treatment effect on the P. aeruginosa load baseline. 
Because the data is presented using log10 transformations, a decrease in one log10 as 
observed for CHF 1538 is equivalent to a reduction of 90% of the bacterial load per gram 
of sputum.  A significant difference in mean change from baseline load occurred after the 
first “ON” cycle (p<0.001; CI=[-1.57, -0.70]).  There was no significant difference in the 
bacterial load for the treatment groups at the end of the “OFF” cycle. 
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Microbiological Outcome 
 
The analysis of microbiological outcome is shown at the end of treatment and the follow-
up visits at baseline MIC value in Table 40.  The analysis by baseline MIC shows that 
instances of microbiological eradication were rare in either treatment group at any visit.  
There was a high percentage of persistors in the CHF 1538 group at the end of the “ON” 
therapy period (Visit 4) with somewhat lower percentages “OFF” therapy at follow-up 
(Visit 5).  A higher percentage of persistors were also present in the placebo group at 
both the end of “ON” treatment and “OFF” treatment follow-up visits.  Persistence of P. 
aeruginosa following tobramycin therapy in CF patient is not unexpected.  No correlation 
was evident between MIC value and microbiological eradication rate.  The superinfection 
rate was similar in both treatment groups.  Reinfection was not observed in either 
treatment group at the end of “ON” treatment period, and the rate of re-infection was 
slightly higher in the CHF 1538 group at the end of the “OFF” treatment period (Visit 5). 
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CONCLUSION 
 
The data from studies CT01 and CT02 is presented individually and combined in the 
preceding pages.  The data from CT01 and CT02 individually do not suggest any non-
statistical significant microbiological adverse events from use of aerosolized tobramycin 
for treating CF patients.  Combining the data suggests the same.  
 
Treatment-Emergent Microorganisms 
 
In the CHF 1538-treated patients the organism identified most frequently was the Gram-
positive bacterium Staphylococcus aureus with the yeast Candida species (including C. 
albicans) being the nest most prevalent. In the placebo-treated group the same two 
organisms were the most prevalent. There was a variety of Gram-negative bacteria 
identified in both treatment groups, though the incidence of any individual species was 
low. This information is presented in Table 41 (2.7.2 Summary of Clinical Pharmacology 
Studies pg. 110) which is not shown here. 
 
MIC Changes During Therapy 
 
Table 42 is an assessment of MIC shifts fro individual isolates from the baseline 
tobramycin MIC to those values observed at end of therapy or at follow-up.  MIC values 
were changed (+/- 2-fold) for 41.7% and 42.5% in the CHF 1538 group at the end of 
therapy and the follow-up visit, and for 33.2% and 28.5% in the placebo group 
respectively.  However, at both the end of therapy and the follow-up visits, a greater 
percentage of isolates in the CHF 1538 group showed a >4-fold increase in MIC than 
isolates in the placebo group.  MIC values decreased >4-fold in a small percent of isolates 
in both treatment groups. 
 

 
 
PHASE 3 - CLINICAL STUDY CT03 
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This is the pivotal study for the approval of this tobramycin product.  CT-3 is an open-
label, multinational, multicenter, randomized, parallel group study designed to compare 
the efficacy and tolerability of aerosolized CHF 1538 and TOBI, both administered via a 
nebulizer (PARI LC Plus® with the PARI Boy N® compressor, Pari, Germany), over a 4-
week treatment in a twice-daily regimen in patients with CF and P. aeruginosa chronic 
infection. 
 

Study CMA-0631-CSR-0025: A multicentre, multinational, open label, 
randomized, parallel group clinical trial of Torineb™/Actitob®/Bramitob® 
(tobramycin solution for nebulization, 300 mg twice daily in 4 mL unit dose 
ampoules) compared to TOBI in the treatment of patients with cystic fibrosis and 
chronic infection with Pseudomonas aeruginosa (Module 5.3.5.1, CT03 CSR 
body). 

 
The study was designed to demonstrate the non-inferiority of CHF 1538 compared to 
TOBI in the primary efficacy variable forced expiratory volume in one second (FEV1) 
predicted normal at the end of the treatment phase in patients with CF and chronic P. 
aeruginosa infection of the lungs. Table 44 provides a summary of clinical study CT03. 
Among the secondary efficacy variables, microbiological tests included quantitative cell 
counts (CFUs) for P. aeruginosa isolated from sputum, antibiotic susceptibility testing 
(MIC range, MIC50, and MIC90 were standard microbiological assessments to evaluate 
the susceptibility of P. aeruginosa to tobramycin. 
 
Sputum Collection and Microbiological Culture Methods 
 
Sputum specimens were collected at the study site and sent under refrigeration to a 
central laboratory ( ).  The collection and 
transport of the specimens are described in the Protocol (Module 5.3.5.1, CT03 Appendix 
16.1.1).  Culture of specimens and identification of isolates were done by recognized 
methods. Prior to the study the methods for specimen collection, transport, culture of 
specimens, and identification of isolates were reviewed by this Reviewer and found to be 
appropriate. 
 
Antibiotic Susceptibility Testing 
 
Minimal inhibitory concentrations (MIC) were determined using the CLSI-recommended 
methods and quality controls for tobramycin and the seven other antibiotics (amikacin, 
aztreonam, ciprofloxacin, colistin, imipenem, levofloxacin, piperacillin/tazobactam) were 
run.  The MIC was measured by a broth microdilution method using  plates.  A 
positive growth control well was included on every plate.  All of these methods had been 
reviewed prior to the beginning of the clinical study and found to be acceptable by this 
Reviewer. 
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Isolates for susceptibility testing were collected at visit 1 (prior to treatment, Visit 4 
(“ON”-treatment, and Visit 5 (“OFF”-treatment). MIC values were determined for the 
ITT population. Susceptibility to tobramycin was interpreted according to Clinical and 
laboratory standards (CLSI) standards for systemically-administered tobramycin: 
Susceptible, <4 mcg/mL = Susceptible, 8 mcg/mL = Intermediate, > 16 mcg/mL = 
Resistant. 
 

 
 

 
Microbiological Outcome by Tobramycin Baseline MIC 
 
Microbiological outcome is presented by tobramycin baseline (Visit 1) MIC values, at 
Visit 4 (“ON” treatment), and Visit 5 (“OFF” treatment) for all P. aeruginosa 
morphotypes combined.  Microbiological outcomes by baseline MIC values are 
compared between the two treatment groups at Visits 4 and 5 for the ITT population. 
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Microbiological outcome: At “ON” treatment (Visit 4), the following definitions were 
given on the basis of the results of the microbiologic test: 
 
 • Eradication (elimination of P. aeruginosa) 
 • Persistence (persistence of P. aeruginosa detected at Visit 1 

• Superinfection (appearance of a pathogen other than P. aeruginosa not detected 
at Visit 1 

 
At “OFF” treatment (Visit 5), the following definitions were given on the basis of the 
results of the microbiologic test: 
 
 • Eradication (elimination of P. aeruginosa) 

• Persistence (persistence of P. aeruginosa detected at Visit 4 or at Visit 1 if Visit 
4 is missing 
• Superinfection (appearance of a pathogen other than P. aeruginosa not detected 
at Visit 4 or at Visit 1, and 
• Re-infection (appearance of P. aeruginosa detected at Visit 1 and eradicated at 
Visit 4 

 
Outcomes were analyzed according to the following hierarchy: Superinfection supercedes 
eradication; Persistence for P. aeruginiosa supersedes Superinfection; and Re-infection 
for P. aeruginosa supersedes Superinfection. Overall outcomes could be designated as 
either a “positive outcome” (Eradication) or as a “Negative outcome” if the 
microbiological outcome was Persistence, Superinfection or Re-infection. 
 
Efficacy Analysis 
 
Categorization by Colony Morphology 
 
The Applicant provided information on the tobramycin MIC as it related to different 
morphotypes of P. aeruginosa isolated from the sputum of patients in each treatment 
group. Three morphotypes were recognized: mucoid, dry and small colony variant.  
These morphotypes were equally distributed in the two study groups. Some patients had 
more then one morphotype at a given visit and some patients had all three morphotypes at 
a given visit. No attempt was made to correlated morphotype with disease severity.  
When the tobramycin susceptibility of different morphotypes was determined the 
morphotype with the highest tobramycin MIC was used for analysis.  
 
The Applicant looked at the tobramycin MICs of the various morphotypes at Visits 1, 4, 
and 5.  A summary of these results is shown in Table 55. There is some suggestion that 
the mucoid morphotype was more susceptible to tobramycin then either the dry or small 
colony variant which has been suggested by other investigators.  However, the numbers 
of isolates and the variability in the MICs seen in these studies makes it impossible to 
come to any definitive conclusion. 
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MIC Distributions 
 
The distributions and percent range of tobramycin MIC results for P. aeruginosa clinical 
trial isolates (all morphotypes) at Visits 1, 4. and 5 are shown in Table 51. The range of 
MIC values observed for the CHF 1538 and TOBI study arms show the variability of 
MIC results independent of tobramycin drug exposure. 
 
At Baseline (Visit 1) the distribution of P. aeruginosa with MICs <4 mcg/mL in the 
CHF1538 and TOBI arms was 85.4% and 85% respectively.  These percentages 
decreased slightly in each treatment group at Visit 4 (end of “on” cycle) as the 
susceptibility populations for CHF 1538 5.3% while TOBI susceptible [populations 
declined 7.9%.  Additional change in the percentage of susceptible P. aeruginosa isolates 
was observed at the end of the first “OFF” cycle (Visit 5) compared to baseline (Visit 1) 
in both treatment arms; the change in percentage of susceptible isolates for CHF 1538 
and TOBI was 7.9% and 9.6% respectively.  These results suggest that, throughout the 
study, the majority of P. aeruginosa isolates remained susceptible to tobramycin in both 
treatment arms and that both tobramycin formulations produced equivalent 
microbiological treatment effects in the bacterial populations of P. aeruginosa. 
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The activity of seven antibiotics along with tobramycin against the P. aeruginosa isolates 
obtained from patients in both study groups is shown in Table 56. In Table 56 it can be 
seen that the MICs to the various antibiotics were similar in both the CHF 1538 and 
TOBI treatment arms.   
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Distribution of Strains based Upon Tobramycin Susceptibility 
 
Table 57 shows the distribution of tobramycin MIC values for P. aeruginosa for both the 
CHF 1538 and TOBI treatment arms using the tobramycin susceptibility interpretive 
criteria for parenteral tobramycin. The susceptibility profiles at the various days in both 
the CHF 1538 and TOBI study groups are very similar overall.  A substantial proportion 
of isolates in both the CHF 1538 and TOBI treatment groups remained susceptible at the 
end of the “ON” drug period (Visit 4) with 80.2% and 79.1% susceptible respectively. At 
the end of Visit 4, there was an increase in the percentage of resistant isolates in both 
treatment groups with the greatest increase seen in the TOBI treatment group. At visit 5 
(end of the “OFF” drug cycle), there was a slight decrease in the percent resistant isolates 
for both treatment groups relative to visit 4.  The percentage of susceptible isolates was 
similar in both treatment groups at Visit 4 and 5.  Overall, the results demonstrate an 
elevation in MIC value for a small portion of the isolates in both treatment groups during 
the course of the study. 
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Mean Changes from Baseline Viable Counts 
 

The P. aeruginosa bacterial density in log10 CFU/gram of sputum for each treatment 
group by study is shown in Table 58. This is a summary of the individual values for each 
patient.  Similar bacterial load values were observed for the two treatment groups at each 
study visit suggesting these are typical population densities per gram of sputum 
colonizing the lungs of CF patients. The mean change in bacterial density from baseline 
levels is presented for the end of the “ON” cycle (Visit 4) and the end of the “OFF” cycle 
(Visit 5) in Table 59. The bacterial load showed a mean reduction of 2.14 and 2.07 log10 
CFU/gram was observed at the end of the “ON” cycle for CHF 1538 and TOBI 
respectively. The bacterial load at the end of the “OFF” cycle was 0.72 and 0.87 log10 
CFU/gram for CHF 1538 and TOBI respectively, indicating an increase in bacterial load 
relative to the end of the “ON” cycle. The ANCOVA model analysis results are shown in 
Table 60.  No significant difference was evident with respect to the treatment or country 
while a significant difference was observed (p<0.001) for change from baseline log10 
bacterial load (CFU/gram)  
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CT03 Microbiology Outcome 
 
Table 61 provides information on the overall analysis of microbiology outcomes for both 
study groups.  As can be seen in study Visit 4 (end of the “ON” treatment period, there 
was a low percentage of microbiological eradication in both treatment groups (9.2% for 
CFH 1538-treated and 7.1% for TOBI-treated).  This type of result is not uncommon to 
see in cystic fibrosis studies for both inhaled, systemically administered and orally 
administered antibacterials.  Similar rates of persistence and superinfection were noted in 
the two treatment groups. At Visit 5 (end of the “OFF” treatment period), the rates of 
eradication were lower than at Visit 4 in both treatment groups.  While the percentage of 
re-infection in the CH 1538 treatment group was higher then seen in the TOBI-treatment 
group the numbers were small. The Cochran-Mantel-Haenzel test controlling for country 
revealed no statistically significant differences between the CH 1538 and TOBI with 
respect to percentages in outcome categories. From the data in Table 61 it appears from a 
microbiology perspective that CH 1538 produces equivalent results to the approved 
TOBI product. 
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The analysis of microbiological outcomes is analyzed further at all study visits by 
baseline MIC values in Table 62.  This data is further differentiated into baseline 
tobramycin susceptibility categories (Susceptible, Intermediate, or Resistant) in Table 63, 
and summarized in an overall positive or negative outcome in Table 64. 
 
As seen in Table 62 at Visit 4, in both treatment groups, persistence occurred across a 
broad range of MIC values with no apparent correlation with MIC value.  This type of 
results has been observed in other cystic fibrosis antibacterial treatment studies.  At visit 
5, a pattern similar to that seen in Visit 4 was observed with regard to MIC versus 
eradication, persistence, and superinfection with the exception of eradication which was 
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observed less frequently. Re-infections at Visit 5 were distributed across a wide range of 
MIC values in both treatment groups.  There is an increase in the incidence of reinfection 
for both treatment arms in Visit 5 compared to Visit 4.  This increase, the Applicant 
hypotheses is likely do to emergence of P. aeruginosa in patients previously categorized 
as eradication. 
 
The microbiological outcome data shows that there were no uncommon instances of 
microbiological eradication in either the CHF 1538 or TOBI-treatment groups at either 
visit 4 or 5.  A high percentage of persistors were observed in the treatment groups at 
Visit 4 and 5, with a modest incidence of superinfection and reinfection (Visit 5).  The 
persistence of P. aeruginosa during and after antibacterial treatment is not unexpected and 
the numbers seen in these studies are consistent with other data. 
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The microbiological outcome data analyzed above was assessed according to systemic 
tobramycin interpretive criteria as seen in Table 63. The general conclusions from this 
analysis are similar to those stated for outcome versus MIC value analysis (Table 62). For 
both treatment groups, persistence is reported for isolates that were susceptible, 
intermediate or resistance to tobramycin.  For both Visits 4 and 5, and in both treatment 
groups, more than 76% of the P. aeruginosa isolates were susceptible to tobramycin and 
yet were persistent.  This suggests a lack of correlation between MICs and 
microbiological outcome a result that has been seen in other studies.   
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Table 64 provides a summary of microbiological outcomes by visit for the ITT 
population. The positive and negative outcomes were very similar in the two treatment 
groups. 
 

 
 
Treatment Emergent Microorganisms 
 
Table 65 presents information on the bacteria and yeast isolated from patients with 
superinfection at Visits 4 and 5. The bacteria and yeast not seen on the first visit are 
detailed in the table. The bacteria and yeast are similar in both treatment groups. While 
classified as superinfection none of the patients required treatment for exacerbation of 
symptoms. 
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MIC Changes During Therapy 
 
Table 66 provides information on the changes in tobramycin MICs in both treatment 
groups for visits 4 (“ON” tobramycin) and 5 (“OFF”) tobramycin.  Overall the tendency 
for MIC values to increase during conduct of the study was similar in the treatment 
groups. 
 

 
 
OVERALL CONCLUSION 
 
See page 2  
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