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DISCLAIMER STATEMENT 
 
 

The attached package contains background information prepared by the Food and Drug 
Administration (FDA) for the panel members of the advisory committee.  The FDA background 
package often contains assessments and/or conclusions and recommendations written by 
individual FDA reviewers.  Such conclusions and recommendations do not necessarily represent 
the final position of the individual reviewers, nor do they necessarily represent the final position 
of the Review Division or Office.  We have brought the new drug application (NDA) 202049, for 
mannitol inhalation powder (proposed trade name BRONCHITOL), for oral inhalation 
sponsored by Chiesi, for the proposed indication of management of cystic fibrosis to improve 
pulmonary function in patients 18 years of age and older in conjunction with standard therapies 
to this Advisory Committee in order to gain the Committee’s insights and opinions.  The 
background package does not include all issues relevant to the final regulatory recommendation 
and instead is intended to focus on issues identified by the Agency for discussion by the advisory 
committee.  The FDA will not issue a final determination on the issues at hand until input from 
the advisory committee process has been considered and all reviews have been finalized.  The 
final determination may be affected by issues not discussed at the advisory committee meeting. 
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1 Division Memo 

1.1 Introduction 
Thank you for your participation in the Pulmonary-Allergy Drugs Advisory Committee 
(PADAC) meeting to be held on May 8, 2019.  As members of the PADAC, you provide 
important expert scientific advice and recommendations to the U.S. Food and Drug 
Administration (the Agency) on the regulatory decision-making process related to the approval 
of a drug or biologic product for marketing in the United States.  The upcoming meeting is to 
discuss the New Drug Application (NDA) 202049 from the Applicant, Chiesi, for mannitol 
inhalation powder (proposed trade name BRONCHITOL), for oral inhalation, for the proposed 
indication of management of cystic fibrosis to improve pulmonary function in patients 18 years 
of age and older in conjunction with standard therapies. 
 
The NDA for mannitol inhalation powder was originally submitted in May 2012.  The results of 
the clinical development program were discussed at a PADAC meeting on January 30, 2013.  
The panel recommended against approval of the NDA at that time because of concerns related to 
lack of substantial evidence of efficacy, specifically lack of strong statistical evidence, frequent 
and differential dropouts, and a small effect size.  In addition, there were safety concerns 
regarding hemoptysis, particularly in children.  A Complete Response (CR) action was taken on 
March 18, 2013. 
 
Chiesi responded to the CR action and has submitted the results of a new clinical trial.  In 
addition, the Applicant modified the indication to limit the use of mannitol inhalation powder to 
adults.  We have brought this application back to the AC to discuss whether the submitted data 
address the issues identified in the original development program.  This Division Memorandum 
provides a brief overview of the application and an introduction to the main issues for discussion.  
As you read through the Agency background document, you will note that there are continued 
questions regarding whether there is substantial evidence of efficacy, including issues related to 
the statistical evidence to support the efficacy and the clinical meaningfulness of the effect size. 
 

1.2 Background 
Cystic fibrosis (CF) is an autosomal recessive genetic disease that affects approximately 30,000 
children and adults in the United States, and approximately 36,000 children and adults in Europe.  
There is no cure for cystic fibrosis, and despite progress in the treatment of the disease, the 
predicted median age of survival for a person with CF is in the 40s.  Lack of properly 
functioning cystic fibrosis transmembrane receptors (CFTR) is responsible for the clinical 
sequelae of CF.  Over time, there is a cycle of lung infection, inflammation, and damage, which 
causes progressive and irreversible airways obstruction, bronchiectasis, and ultimately 
respiratory failure.  Current treatment options include CFTR modulators, inhaled antibiotics, 
inhaled mucolytics, inhaled bronchodilators, and non-respiratory medications.  In this NDA, 
Chiesi proposes the use of mannitol inhalation powder to improve lung function in adult patients 
with CF. 
 
Mannitol is a naturally occurring sugar alcohol that is used as a dietary supplement and as an 
ingredient in numerous drug products.  As an inhalation product, mannitol inhalation powder is a 
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bronchoprovocation agent approved in the Unites States as part of a kit (Aridol) for the 
assessment of bronchial hyperresponsiveness.  Thus, inhaled mannitol, can cause bronchospasm, 
potentially severe, in susceptible patients.  This will be an important consideration for the 
development program and proposed population for use of mannitol. 
 
Patients with CF have impaired mucociliary clearance in their airways leading to recurrent 
infections, decrease in pulmonary function, and ultimately respiratory failure.  The rationale of 
developing mannitol for treatment of patients with CF is based on its osmotic property, which 
encourages the movement of water into the airways and thus improves mucociliary clearance. 
 
The proposed drug product consists of gelatin capsules that contain 40 mg of mannitol without 
any excipients and a breath actuated hand-held dry powder inhaler capable of processing one 
capsule at a time.  The proposed dose is 400 mg (10 capsules) inhaled twice daily. 
 
Throughout the briefing document, FDA will refer to the product as dry powder mannitol or 
DPM. 
 

1.3 Regulatory History 
The following is a brief summary of the relevant regulatory history for this application: 

• The NDA for mannitol inhalation powder was originally submitted on May 18, 2012. 
• The results of the clinical development program were discussed at a PADAC meeting on 

January 30, 2013.  The panel recommended against approval (14 no, 0 yes, 0 abstain) of 
the NDA because of concerns related to substantial evidence of efficacy, specifically lack 
of strong statistical evidence, lack of support from secondary efficacy endpoints, 
differential dropouts and a small effect size.  In addition, there were safety concerns 
regarding hemoptysis, particularly in children. 

• A Complete Response (CR) action was taken on March 18, 2013.  The following is a 
summary of the clinical CR deficiency: 

o A favorable benefit risk balance was not demonstrated to support the use of DPM 
in CF patients 6 years and older. 

o The two phase 3 studies were not adequate to determine efficacy given the 
treatment-related frequent early dropouts in study 301 for which the primary 
statistical analyses did not account for and the lack of statistical significance in 
302 for the primary endpoint. 

o There was no support for efficacy from secondary endpoints. 
o Safety findings raised concerns for hemoptysis, particularly in pediatric patients, 

which weighed unfavorably against efficacy data in the pediatric population. 
o To support approval, the Applicant should conduct at least one adequate clinical 

trial in adults showing substantial evidence of efficacy and balancing safety, 
which includes specified criteria addressing the hemoptysis safety concern. 

• May 17, 2013 – Type A meeting to discuss path forward.  A third trial was 
recommended, similar in design to the first two trials, but limited to adult patients 
because of concerns regarding hemoptysis.  The Agency agreed to forced expiratory 
volume in one second (FEV1) over 6 months as a primary endpoint but noted that the 
results must be statistically significant and clinically meaningful.  Pulmonary 
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• Studies 301 and 302 were conducted between 2007 and 2010, whereas study 303 was 
conducted from 2014 to 2017 

• Studies 301 and 302 had open label extension periods, while 303 did not 
 
Patients were allowed to continue their baseline chronic medications with the exception of 
inhaled hypertonic saline.  Because of the potential for bronchospasm with mannitol, patients 
underwent a mannitol tolerance test (MTT) prior to randomization.  The MTT required 
inhalation of successive increasing doses of DPM (from 40 mg to 160 mg) to evaluate for a 
decline in FEV1 and oxygen saturation.  Patients with a protocol defined decrease in FEV1 were 
not randomized.  Refer to the Clinical/Statistical Review for a detailed description of the MTT 
(Section 3.4.1.1). 
 
Because of the potential for bronchospasm, patients were required to take a short acting 
bronchodilator prior to study medication treatment.  Patients administered study medication from 
a single dose dry powder inhaler with a total of 10 capsules twice daily.  Patients assigned to 
control received 50 mg mannitol (10 x 5 mg mannitol capsules), while patients assigned to DPM 
received 400 mg mannitol (10 x 40 mg mannitol capsules). 
 
The primary efficacy variable was FEV1, which is an accepted efficacy variable for CF 
development programs.  The expectation is that the effect on FEV1 is both statistically significant 
and clinically meaningful and that there is additional support from other important secondary 
efficacy variables.  Support from secondary efficacy variables would be particularly important 
when there are questions regarding whether the effect on FEV1 is clinically meaningful.  Given 
that mannitol is an inhaled product that is proposed to improve mucociliary clearance in the 
airways, relevant supportive efficacy measures would include exacerbations (antibiotic use, 
hospitalizations), and the Cystic Fibrosis Questionnaire- Revised (CFQ-R) respiratory domain 
(CFQ-RRD) score.  The DPM program included assessment of some of these measures, 
including protocol defined pulmonary exacerbations (PDPE). 
 

1.5 Efficacy  

1.5.1 Primary Efficacy Variable – FEV1 
To frame the efficacy discussion, a brief overview of the results from the original program is 
warranted followed by an integrated assessment of efficacy across the three pivotal studies.  
Because Studies 301 and 302 included adults and children and Study 303 only included adults, 
post-hoc subgroup analyses of adult patients in Studies 301 and 302 are necessary.  The adult 
population is also the most relevant population given the Applicant’s proposal to limit the 
indication to adults.  As described in more detail below, in Studies 301 and 302, the analysis of 
the primary efficacy endpoint using the Applicant’s pre-specified statistical method (Mixed 
Model for Repeat Measures (MMRM)) is problematic because the method makes a strong 
assumption regarding missing data that is not supported by the data.  Alternative methods have 
been used by FDA statisticians.  While only the adult subgroup analyses and post hoc statistical 
methods for Studies 301 and 302 will be presented in this section, the Clinical and Statistical 
Review provides a more comprehensive discussion of the efficacy results from the original 
program and Study 303. 
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Original NDA 
In the original program, based upon the Applicant’s primary analyses, the treatment difference in 
the primary efficacy endpoint was statistically significant in Study 301, but was not statistically 
significant in Study 302.  However, there are important statistical considerations regarding 
validity of the analysis results of Studies 301 and 302.  There was differential discontinuation 
between treatment groups that was more prominent in Study 301, i.e. more patients in the DPM 
group discontinued compared to the control group.  In Study 301, only 63% of DPM and 73% of 
control patients completed the 26-week treatment period.  In Study 302, 83% of DPM and 88% 
of control patients completed the 26-week treatment period.  This is not surprising given the 
potential for bronchospasm and tolerability issues with DPM.  Importantly, in Studies 301 and 
302 when patients discontinued, they were no longer followed for efficacy data.  The Applicant’s 
statistical analysis utilized an MMRM, which is valid when the missing data occur at random; 
however, the differential dropout suggested that the missingness was not at random.  Because of 
this issue, the MMRM analysis method was deemed unreliable and likely overestimated the 
effect size.  Sensitivity analyses were performed, but there were limitations with the data 
imputation methods.  Because of these issues, the statistical team determined that there was not 
clear substantial demonstration of a treatment effect on FEV1 in Studies 301 and 302. 
 
There were also clinical considerations with respect to the efficacy data, primarily questions 
regarding the clinical meaning of the effect size and the lack of support from secondary efficacy 
endpoints.  These efficacy issues were a major reason for the PADAC recommendation against 
approval of the original NDA and the complete response action as described above. 
 
Post-hoc subgroup analyses of Studies 301 and 302 were conducted in adults to compare with 
results from Study 303.  After considering the statistical issues with data imputation methods in 
the original submission, the FDA statisticians determined that a pattern mixture model is a more 
appropriate method for Studies 301 and 302.  These post hoc results are shown in Table 2 below. 
 
Resubmission 
In Study 303, 79-82% of patients completed the treatment and 88-89% of patients completed the 
study, so there was no significant differential discontinuation from the treatment or from the 
study.  The primary efficacy endpoint was the mean absolute change from baseline in FEV1 over 
26 weeks, which is the same as in Studies 301 and 302, although the specific days of FEV1 
assessment differed.  Given the lower and non-differential study discontinuation and treatment 
discontinuation, in Study 303, there was not as much concern regarding interpretation and 
analysis of the efficacy data.  Table 2 shows the results for the primary endpoint for post-hoc 
analyses of the original submission (Studies 301 and 302) and Study 303. 
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1.6 Safety 
The pivotal clinical studies were similar in design, so the clinical review focused on the pooled 
safety data from Studies 301, 302, and 303.  Because the Applicant’s indication is limited to 
adults, the safety review focused on the adult population.  Overall, 414 adult patients were 
exposed to DPM 400 mg BID and 347 adult patients to control in the pivotal studies with a 
median exposure of approximately 6 months across studies (mean range 4-6 months).  There was 
additional exposure during the OLE periods.  The overall exposure of DPM in this program is 
considered acceptable given this orphan population.  Given the known risk of bronchospasm 
with mannitol, patients were screened with an MTT and of those adults screened in the phase 3 
program, 8% either could not tolerate DPM or did not complete the MTT.  The Applicant has 
proposed the MTT be included in the labeling for DPM to minimize the risk of serious 
bronchospasm. 
 
There were two deaths in the program, both of which were in the control group.  A 19-year-old 
patient died secondary to CF exacerbation 219 days after the first dose of study medication.  A 
15-year-old patient died following complications of pneumothorax, partial pneumonectomy, 
pleurodesis, and lung transplant that occurred 135 days after the first dose of study medication.  
The serious adverse events (SAEs) were generally balanced although there were numerically 
more CF exacerbations (coded as condition aggravated) in DPM patients, 55 (13%) compared to 
control 39 (11%).  More patients discontinued treatment in the DPM group, 51 (12%) compared 
to control, 30 (9%), primarily related to cough.  Overall, the most common AEs in this program 
included condition aggravated, cough, headache, hemoptysis, URTI, nasopharyngitis, and 
oropharyngeal pain. 
 
CF Exacerbation (Condition Aggravated) 
CF exacerbations are an important consideration in CF development programs in terms of 
efficacy (discussed above) and safety. With regard to safety, investigator-reported adverse events 
of “condition aggravated” were considered CF exacerbations.   For the pooled pivotal studies in 
adults, condition aggravated was a common AE reported in 32% of DPM patients and 33% of 
control patients.  There was a slight imbalance in condition aggravated SAEs favoring control: 
55 (13%) of DPM patients and 39 (11%) control patients and 3% of patients discontinued 
treatment due to condition aggravated. In subgroup analysis of CF exacerbation in U.S. patients, 
differences between DPM and control patients were accentuated. This was most notable for 
SAEs: 23 (21%) U.S. DPM patients and 10 (11%) U.S. control patients reported condition 
aggravated SAEs.  
 
Hemoptysis 
In the original program, hemoptysis was a safety signal identified with DPM and the signal was 
of particular concern in pediatric patients.  Incidence of any hemoptysis in the pooled Studies 
301 and 302 from the original submission were: 6-11 years of age – DPM 4 (6%), control 0; 12-
17 years of age – DPM 8 (9%), control 2 (3%); adults - DPM 22 (11%), control 11 (8%).  
Hemoptysis was a safety issue discussed during the 2013 AC meeting and because of the 
concern in pediatric patients, the Applicant limited Study 303 and the proposed indication to 
adults.  Results from Study 303 did not show a signal for hemoptysis in adult patients treated 
with DPM.  The incidence of hemoptysis was similar between DPM and control – 10% and there 
was no imbalance for hemoptysis SAEs or hemoptysis AEs leading to discontinuation.  In the 
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pooled pivotal studies in adults, there was no significant imbalance in hemoptysis.  Overall, 
hemoptysis is a safety issue of concern with DPM, but the signal is most prominent in pediatric 
patients.  When limited to adults, hemoptysis is not a prominent safety issue. 
 

1.7 Benefit Risk Considerations 
In terms of benefit-risk considerations, in the original NDA submission, there were concerns 
related to both the efficacy and safety of DPM.  With respect to efficacy, Study 302 lost on the 
primary endpoint and interpretation of the efficacy results from Study 301 were complicated by 
missing data due differential dropouts, which led to statistical issues with the analyses of the 
data.  Questions were raised about whether the effect size was clinically meaningful and about 
the lack of support of secondary efficacy endpoints.  With respect to safety, hemoptysis was a 
concern, particularly in pediatric patients.   
 
With the resubmission, the Applicant conducted a third pivotal study and modified the program 
to address concerns in the original program.  Study 303 was larger, and patients were followed 
after discontinuation of study medication to minimize missing data.  Pediatric patients were not 
enrolled to address the potential hemoptysis safety issue.  
 
Study 303 demonstrated a clear statistically significant difference from control for the primary 
endpoint of FEV1; however, the treatment effect of 55 mL (or approximately 1.2% predicted) 
remains a question regarding the clinical significance.  Given the change in patient population 
and the statistical issues in the original program, a variety of statistical analyses (sensitivity) have 
been used to understand the treatment effect size and the statistical significance.  Overall, a 
statistically significant improvement in FEV1 over 26 weeks with DPM is noted in two of the 
three studies (301 and 303), with a treatment effect size that varies (based on analysis method 
used).  Whether the treatment effect is clinically meaningful is a question we would like the 
panel to discuss.  Other approved CF therapies have typically had a larger treatment effect as 
well as support from secondary endpoints.  In the DPM program, there is a lack of clear support 
from secondary efficacy variables, such as exacerbations and CFQ-RRD.  Some of these efficacy 
measures, e.g. CF exacerbation rate, were numerically not favorable in some of the studies.   
 
Regarding the safety of DPM, inhaled mannitol is known to cause bronchospasm in persons with 
airway hyperreactivity.  In the DPM clinical development program, all patients were screened 
with a mannitol tolerance test to identify patients with a significant decrease in pulmonary 
function with exposure to DPM.  Based upon patients randomized in the clinical trials, 
bronchospasm was not a significant safety issue; however, tolerability issues were noted, e.g. 
cough and drop outs due to AEs.  Treatment discontinuation secondary to CF exacerbations 
were also noted with DPM.  In addition, CF exacerbations reported as SAEs were more 
common in DPM versus control groups. This was accentuated in the subgroup analysis of U.S. 
patients. Hemoptysis was a concern in the original NDA submission, but when limited to adults, 
hemoptysis does not appear to be a prominent safety issue.   
 
We acknowledge that CF is an orphan disease with unmet need for new therapies, but we want to 
ensure that new products have a favorable benefit-risk assessment for patients.  Given the modest 
treatment effect on FEV1 and the lack of support from key secondary endpoints (e.g. numerical 
increase in exacerbations in two of the studies), the benefit of DPM is important to discuss with 



17 
 

the PADAC.  We look forward to your input on this application.  The following section outlines 
the Draft Points to Consider.   
 

2 Draft Points to Consider 

1. Discuss the efficacy data for mannitol inhalation powder for the proposed indication of 
the management of cystic fibrosis to improve pulmonary function in patients 18 years of 
age and older in conjunction with standard therapies.  Address the following in your 
discussion: 

a. Effect on FEV1, including the effect size and durability of effect 
b. Secondary endpoints, particularly exacerbations and the Cystic Fibrosis 

Respiratory Questionnaire – Revised respiratory domain score 
c. Statistical persuasiveness  

 
2. Discuss the safety data for mannitol inhalation powder for the proposed use in patients 

with cystic fibrosis, particularly exacerbations and hemoptysis. 
 

3. Discuss the benefit-risk assessment for mannitol inhalation powder for the proposed 
indication of the management of cystic fibrosis to improve pulmonary function in patients 
18 years of age and older in conjunction with standard therapies. 
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Clinical and Statistical Review 
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proposed indication of management of cystic fibrosis to improve 
pulmonary function in patients 18 years of age and older in 
conjunction with standard therapies. 
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3  Clinical and Statistical Review 

3.1 Introduction 
On May 18, 2012, the Applicant submitted a 505(b)(2) new drug application (NDA) for the use 
of inhaled dry powder mannitol (DPM) for the management of cystic fibrosis (CF) in patients 6 
years of age and older to improve pulmonary function.  The proposed dose was 400 mg (10×40 
mg capsules) twice daily.  During the initial NDA review cycle, the NDA received a Complete 
Response (CR) action as the data did not provide a favorable benefit-risk for the proposed 
population due to lack of substantial evidence of efficacy, small effect size, and safety concerns 
particularly in pediatric patients.  This was discussed at a Pulmonary Allergy Drug Advisory 
Committee (PADAC) meeting, where the PADAC voted unanimously against approval.  Since 
the CR action, the Applicant conducted an additional phase 3 study to address the concerns 
raised in the initial review cycle.  These data have been submitted in the Applicant’s complete 
response to the CR action to support the benefit-risk of this product.  The focus of this PADAC 
meeting is to evaluate the benefit-risk of this product in light of the new data. 

3.2 Brief Clinical Background 
CF is an autosomal recessive genetic disease that affects approximately 30,000 children and 
adults in the United States1, and approximately 70,000 children and adults worldwide2.  CF 
affects all ethnic and racial groups but is most common in Caucasians.  There is no cure for 
cystic fibrosis, and despite progress in the treatment of the disease, the predicted median age of 
survival for a person with CF is in the forties.1 

 
CF results from mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) 
gene which leads to decreased amount or abnormal function of CFTR protein.  The CFTR 
protein is an epithelial chloride ion channel present on the apical surface of epithelial cell 
membranes.  CFTR aids in the regulation of salt and water absorption and secretion throughout 
the body.  Lack of properly functioning CFTR is responsible for the clinical sequelae of CF, 
including malabsorption of nutrients and the inability to mobilize tenacious respiratory 
secretions, leading to recurrent infections and lung damage.  Over time, the CF lung is exposed 
to a cycle of infection, inflammation, and damage, which causes progressive and irreversible 
airways obstruction, bronchiectasis, and ultimately respiratory failure.  Because it is a recessive 
genetic disease, in order to present with clinical CF disease, one must have two mutations in the 
CFTR gene.  To date, approximately 2,000 mutations in CFTR have been identified, with over 
300 identified as disease causing.3 
 
The Applicant proposes that their inhaled DPM product will improve mucus clearance in patients 
with CF due to the osmotic properties of mannitol remaining in the extracellular compartment to 
cause an outflow of water into surrounding tissues, and thus reduce the thickness and stickiness 
of CF mucus secretions. 
 

                                                 
1 Cystic Fibrosis Foundation Patient Registry 2016 Annual Data Report 
2 Farrell PM. The prevalence of cystic fibrosis in the European Union. J Cystic Fibrosis 2008;7(5):450-453. 
3 US CF Foundation, Johns Hopkins University, The Hospital for Sick Children, The Clinical and Functional 
Translation of CFTR (CFTR2). Accessed at http://cftr2.org on June 11, 2018. 
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3.3 Product Information and Regulatory Background 
Product Information 
Mannitol, the drug substance, is a white or almost white, crystalline powder or free flowing 
granules.  It is freely soluble in water and very slightly soluble in alcohol.  There are three 
morphic forms of mannitol denoted as α, β, δ-mannitol. 
 
Mannitol is a well-known, naturally occurring sugar alcohol found in many vegetables.  It is used 
as a nutrient and/or dietary supplement and as an inactive ingredient in numerous drug products.  
As a dietary supplement, it is generally recognized as safe.  As an inhaled product, mannitol 
inhalation powder is a bronchoprovocation agent approved in the United States as part of a kit 
(Aridol) for the assessment of bronchial hyperresponsiveness in patients 6 years of age or older 
who do not have clinically apparent asthma.  Aridol can cause severe bronchospasm in 
susceptible individuals and caution is advised in patients with conditions that may increase 
sensitivity to bronchoconstriction. 
 
For the treatment of CF, the proposed drug product consists of hard gelatin capsules containing 
40 mg of mannitol, without additional excipients, and a breath-actuated handheld dry powder 
inhaler capable of processing one capsule at a time.  The product is packaged as a 4-week and 7-
day supply which includes 560 and 140 clear hard gelatin mannitol-filled capsules, respectively, 
which are sealed individually in aluminum blisters (10 capsules per blister strip) and with four or 
one hand held dry powder inhalation devices, respectively.  Each dose consists of inhaling the 
contents of ten, 40 mg capsules in succession.  The proposed dose is 400 mg (10 capsules) 
inhaled twice daily. 
 
Regulatory Background 
This NDA was initially submitted to the Agency on May 18, 2012, for the proposed indication of 
the management of cystic fibrosis (CF) in patients 6 years of age and older to improve 
pulmonary function.  To support efficacy, the Applicant submitted two phase 3 trials (301 and 
302) that include CF patients ≥6 years of age.  During the initial NDA review cycle, a Complete 
Response (CR) action was taken.  This was because substantial evidence of efficacy had not been 
demonstrated as well as safety concerns primarily in the 6-year-old to <18-year-old age group. 
With regard to efficacy, study 302 did not demonstrate a statistically significant increase in 
absolute change from baseline in FEV1 across the 26-week treatment period (primary endpoint) 
when comparing DPM treated patients to control patients.  While Study 301 did appear to 
demonstrate a statistically significant increase in terms of the primary endpoint based on the 
Applicant’s prespecified analysis (mixed model for repeated measures, MMRM), the results 
could have been biased by substantial missing data and differential withdrawal of patients in the 
active treatment group which the MMRM statistical analysis method did not account for.  
Multiple sensitivity and responder analyses were conducted and resulted in a range of possible 
treatment effects of DPM on FEV1.  These additional analyses failed to confirm a demonstration 
of substantial evidence of a treatment effect of DPM on the primary efficacy endpoint for either 
study 301 or 302.  Moreover, there was no significant support for efficacy from secondary 
endpoint analyses (analysis of which suffered from the same statistical issues as those for the 
primary analysis).  With regard to safety, there was a small but clear signal for hemoptysis in the 
overall population.  This was of particular concern in the youngest age group of 6- to 11-year-
olds, raising issues of safety specifically for pediatric patients.  
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As a result of these concerns, a Pulmonary Allergy Drug Advisory Committee (PADAC) was 
convened where these issues were discussed (see section 3.8 FDA Division Memorandum From 
January 2013 PADAC Meeting).  The PADAC convened on January 30, 2013 and on the 
question of whether there was substantial evidence of efficacy, the majority of the PADAC voted 
“No” (No:11, Yes:3).  In the discussion of efficacy, committee members noted concern over the 
relatively small effect size and difficulty in knowing the true treatment effect given the 
differential withdrawal between DPM and control groups.  Some also commented that there was 
not strong statistical evidence for efficacy of DPM that would meet the regulatory definition of 
substantial evidence.  The lack of support from secondary endpoints was also cited as a concern.  
However, several committee members commented that there did seem to be some evidence of 
efficacy in the adult population.  On the question of whether the safety profile was sufficient to 
support approval, the majority of the PADAC also voted “No” (No:11, Yes: 3).  In the discussion 
of safety, committee members expressed concern over the high occurrence of hemoptysis in 
patients receiving DPM, especially in children.  For the question of whether the safety and 
efficacy data provided substantial support for approval, the PADAC voted “no” unanimously.  
 
Following the PADAC meeting, a Complete Response (CR) action was taken on March 18, 
2013. In the CR letter, the deficiency was as follows: 
 

The submitted data do not provide a favorable benefit-risk balance to support the use of 
inhaled mannitol in patients with cystic fibrosis 6 years of age and older. The 
determination of efficacy based on the two submitted trials are not adequate because of 
the treatment-related frequent early dropouts in trial 301 for which the primary 
statistical analyses did not account and the lack of statistical significance in trial 302 for 
the primary endpoint. Sensitivity analyses conducted on data from study 301 either fail to 
confirm a treatment effect on the primary efficacy or are problematic in that they 
attribute a good outcome to some patients who discontinue treatment, or they impute a 
single score without accounting properly for variability. In addition, there was lack of 
support for efficacy from secondary endpoints in both the studies. Assessment of safety 
findings show that, compared to control, subjects treated with mannitol 400 mg had a 
high occurrence of hemoptysis, particularly in pediatric patients, which is concerning 
and does not balance favorably with the submitted efficacy data, especially in the 
pediatric population. 
 

To address the above deficiency, the CR letter stated the following: 
 

To support approval of inhaled mannitol for the treatment of cystic fibrosis, conduct a 
clinical program including at least one adequate clinical trial to show substantial 
evidence of efficacy in patients with cystic fibrosis and balancing safety findings…. In the 
clinical trial include specified criteria that address the specific safety concern of 
hemoptysis. 

 
Following the CR action, a post-action meeting (type A) between the Applicant and the Agency 
occurred to discuss a path forward for the development program.  At that meeting, the Agency 
agreed that a primary endpoint of change from baseline in FEV1 over 6 months was acceptable to 
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provide substantial evidence of efficacy provided that the FEV1 change is found to be 
statistically significant and clinically meaningful.  Additionally, to support efficacy, 
exacerbations would be expected to trend in a positive direction.  It was also communicated to 
the Applicant that conducting a third trial similar in design to the previously completed studies 
may be the most expedient path forward.  This new study should be designed to minimize 
missing data and patient drop-out and exclude pediatric patients due to safety concerns. 
 
Following completion of the new study (Study 303), a pre-NDA meeting was held on November 
29, 2016.  During the meeting the Agency recommended that the Applicant conduct an 
additional supportive analysis evaluating FEV1 at 26 weeks (in addition to “over 26 weeks”) and 
noted that this would be important from a regulatory perspective.  The Agency also 
recommended a two-dimensional tipping point analysis and that CFQ-R respiratory domain 
(CFQ-RRD) score be included as one of the hierarchical secondary endpoints.  The Agency also 
reiterated that secondary endpoints such as exacerbation and CFQ-RRD score would be 
important in the evaluation of efficacy. 
 
The applicant submitted their complete response to the CR action on December 19, 2018. 
 

3.4 Development Program 
The DPM clinical development program was relatively small given the disease studied.  It 
consisted of eight clinical studies which included two phase 1, three phase 2, and three phase 3 
studies.  One phase 1 trial included 18 healthy volunteers, and the remainder of the trials 
included CF patients.  Studies 201, 202 and 203 were used to inform phase 3 dosing; however, 
the primary support for dose selection was study 202. 
 
Study 202 was a randomized, 2-week treatment period, open-label, cross-over, dose ranging 
study in 48 CF patients.  The study explored four doses (40, 120, 240, and 400 mg administered 
twice daily).  While there were issues with the study, the Applicant selected the 400 mg twice 
daily dose, which the Agency found acceptable.  Percent change in FEV1 from baseline were -
1.6%, 3.6%, 3.9%, and 8.7% for the 40, 120, 240, and 400 mg twice daily doses, respectively.  
Also, based on the lack of response to 40 mg DPM and the need to meet the requirements of 
matching taste (mannitol has a sweet taste) and appearance, the Applicant chose a 50 mg inhaled 
mannitol twice daily dose (5 mg x 10 capsules) as control treatment for phase 3 studies.  
 
The phase 3 program consisted of studies 301, 302, and 303. Studies 301 and 302 were reviewed 
in the previous NDA review cycle, which received a CR action.  Study 303 was completed in an 
attempt to address the deficiencies included in the CR letter.  
 

3.4.1 Source of Clinical Data 
The sources of clinical data reviewed in this document are derived from the phase 3 confirmatory 
studies.  These are summarized in Table 5.  Studies 301 and 302 were included in the original 
application and are highlighted in grey.  Study 303 was submitted in the complete response to the 
CR. 
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As the protocols for studies 301 and 302 were reviewed in the previous NDA review cycle, 
only the protocol for study 303 will be reviewed in Section 3.4.1.1.  However, key differences 
from studies 301 and 302 will be highlighted.  
 
3.4.1.1  Study 303 
Study Title: Long Term Administration of Inhaled Mannitol in Cystic Fibrosis – A Safety and 
Efficacy Trial in Adult Cystic Fibrosis Subjects 

Study Dates: Sept 17, 2014 to February 21, 2017 
Study sites: 101 sites in 21 countries [North America (41), Western Europe (10), Eastern 
Europe (22), South America (2), Australia/New Zealand (4), Russia (5)] 

 
Study Objectives:  
Primary objective: To determine whether inhaled mannitol (400 mg twice daily (BID)) was 
superior to control (inhaled mannitol 50 mg BID) for improving lung function in adult patients 
with cystic fibrosis (CF). 
 
Secondary objective: To determine whether inhaled mannitol (400 mg twice daily (BID)) was 
superior to control (inhaled mannitol 50 mg BID) for improving exacerbation related outcomes 
(antibiotic usage, hospitalizations, number of exacerbations, and time to exacerbations) and 
quality of life/ symptom related outcomes. 
 

3.4.1.1.1 Trial Design 
Study 303 was a 26-week treatment period, double-blind, randomized, parallel group, 
multicenter, controlled study in adults with cystic fibrosis.  Eligible patients were randomized 
1:1 to receive either dry powder mannitol (DPM) 400 mg BID or matched control for 26-weeks.  
Randomization was stratified by recombinant human deoxyribonuclease use (rhDNase), and by 
country.  Patients who discontinued study treatment were encouraged to continue to participate 
in the study, rather than withdraw. Patients were screened for eligibility at the screening visit 
(week -5 to -2) – see the description of the mannitol tolerance test below.  At Visit 1, (week 0) 
patients were randomized and the 26- week treatment period began.  Patients were subsequently 
seen in clinic at weeks 6, 14, and 26 (visits 2-4), at which time safety and efficacy assessments 
were performed.  Between clinic visits, patients were contacted via telephone at weeks 2, 4, 8, 
12, 16, 20, 24, and 27.  The schedule of assessments is summarized in Table 6. 
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Table 6: Study 303, Assessment Schedule 

 
 
 
 
 
 
 
 
 
 



27 
 

Table 6: Study 303, Assessment Schedule (continued) 

 

 
a The IMP discontinuation visit is used for all subjects that discontinue IMP early but are remaining in the study. 
b Subjects should be stable and clear of pulmonary exacerbations for at least two weeks prior to visit 1. If a subject has an exacerbation after visit 0 (screening), visit 1 should occur 2 to 5 weeks from the  
  end of the treatment of the exacerbation or the end of the adverse event, whichever is later. 
c Randomize eligible subjects if compliance with maintenance therapies (antibiotic & rhDNase) is at least 80% in the two weeks prior to visit 1. 
d IMP accountability and collection must occur at the next scheduled visit for any subjects that withdraw from the study or discontinue from IMP early. 
e The subject diary should be collected for all subjects, including those who withdraw early from the study. 
Source: Study 303 protocol 
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As inhaled mannitol can induce bronchospasm, to be eligible for participation, patients had to 
pass a mannitol tolerance test (MTT). The MTT entails receiving successively increasing doses 
of dry powder mannitol from 40 mg to 160 mg (40 mg, 80 mg, 120 mg, and 160 mg for a 
cumulative dose of 400 mg).  If a patient experienced an SpO2 <89% within 1 minute after any 
dose of dry powder mannitol, the patient failed the MTT. If a patient experienced a drop in 
FEV1 ≥ 20% of baseline within 60 seconds after the 80 mg, or 120 mg dose, the patient failed 
the MTT. For the final 160 mg dose, if a patient experienced a drop in FEV1 of ≥50%, the 
patient failed the MTT. However, if, at the 160 mg dose, the patients experienced a drop in 
FEV1 of 20-50%, the patient was reassessed in 15 minutes.  If after 15 minutes the patient 
continued to have an FEV1 drop of ≥20%, the patient failed the MTT.  
 
Overall the design of study 303 was largely similar to 301 and 302.  All included 26-week 
double-blind treatment periods, the same treatment arms, and a largely similar MTT.  However, 
study 303 included additional features to minimize patient drop-out and missing data, such as 
encouraging patients to remain in study even if discontinuing from study treatment, as well as 
additional telephone contact with patients. 
 
Study population 
The planned sample size for this study was 350 patients with a confirmed diagnosis of CF (175 
patients in each arm). 
 
Key inclusion criteria: 

1. Confirmed diagnosis of CF (positive sweat chloride value ≥60 mEq/L) and/or genotype 
with two identifiable mutations consistent with CF, accompanied by one or more 
clinical features consistent with the CF phenotype 

2. At least 18 years old 
3. Having an FEV1 >40% and <90% predicted 
4. Stable medication use within 1 month prior to screening.  No rhDNase or maintenance 

antibiotics were allowed to be started during the trial 
 
Key exclusion criteria: 

1. Lung transplant eligible or s/p lung transplant 
2. Use of hypertonic saline 
3. Hemoptysis >60 mL in the 3 months prior 
4. A myocardial infarction, cerebrovascular accident, or uncontrolled hypertension in the 3 

months prior 
5. Having had major ocular, abdominal, chest, or brain surgery in the 3 months prior 
6. Pregnancy or unreliable contraception 
7. Failure or incompletion of the MTT 

 
Study Treatments 
During the 26-week treatment period the treatment arms were as follows: 
 
Test product: DPM 400 mg BID delivered via 10 capsules (40 mg each) for inhalation from a 
single-dose dry powder inhaler.  One capsule was taken at a time.   
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Control product: inhaled mannitol 50 mg BID delivered via 10 capsules (5 mg each) for 
inhalation from a single-dose dry powder inhaler model. One capsule was taken at a time.  The 
control was chosen given the sweet taste of mannitol in the test product and based on results of 
the dose ranging study (202), which showed no efficacy for the 40 mg dose.  Study drug was 
given during clinic visits on the visit days and self-administered on non-clinic days. 
 
All CF related medications were permitted and continued except inhaled hypertonic saline 
(HTS) and oral nonselective beta-blockers.  Patients on maintenance antibiotics or rhDNase 
were required to have been on the medication for at least 1 month and to continue the 
maintenance medications through the entire treatment period.  HTS and oral non-selective beta 
blockers were discontinued at screening. 
 
The order in which inhaled treatments were given was as follows: 

1. Bronchodilator 
2. DPM/control 
3. Physiotherapy/exercise 
4. rhDNase (if used) 
5. Inhaled antibiotics (if used) 
6. Inhaled corticosteroid (if used) 

 
It should be noted that before taking study medication, patients were instructed to take a 
bronchodilator.   
 
Study Endpoints 
Primary Endpoint: 
The primary efficacy endpoint for study 303 was the mean absolute change from baseline in 
FEV1 over the 26-week treatment period (measured at weeks 6, 14, and 26).  This primary 
endpoint is identical to that used in studies 301 and 302.  FEV1 is a fairly typical primary 
endpoint measure for CF studies. 
 
Secondary Endpoints: 
The secondary endpoints were divided into those that were part of a prespecified analysis 
hierarchy and those that were not.  The secondary endpoints which were assessed in a statistical 
hierarchical manner are as follows (in order): 

1. Forced vital capacity (FVC) 
2. Time to first protocol defined pulmonary exacerbation (PDPE) 
3. Number of days on antibiotics due to PDPE 
4. Number of days in hospital due to PDPE 
5. Rate of PDPE 

Other secondary endpoints not included in the analysis hierarchy are as follows: 
1. Incidence of PDPE 
2. Ease of expectoration using the change in VAS score over the 26 weeks 
3. CFQ-R respiratory domain score change from baseline over the 26 weeks 
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PDPE was defined as having occurred when a pulmonary exacerbation was treated with IV 
antibiotics for four or more of the following signs or symptoms: 

1. Change in sputum production (volume, color, consistency); 
2. Increased dyspnea; 
3. New or increased hemoptysis; 
4. Malaise, fatigue, or lethargy; 
5. Fever (≥38°C); 
6. Anorexia or weight loss; 
7. Sinus pain or tenderness; 
8. Change in sinus discharge; 
9. FVC or FEV1 decrease by >10% from previous recorded value; 
10. Radiographic signs indicative of pulmonary infection; 
11. Increased cough; 
12. Changes in physical examination of the chest. 

 
This definition for CF exacerbation is reasonable.  It is the same as used in studies 301 and 302, 
and similar definitions have been used in development programs for other CF products. 
 
With regard to the secondary endpoints, FVC has not typically been used to support efficacy in 
CF development programs, nor has ease of expectoration. However, exacerbation related 
endpoints are recognized as clinically meaningful and have been used to support efficacy for 
CF products.  CFQ-R respiratory domain scores, as an assessment of respiratory symptoms, 
have also been used to support efficacy for CF products.  
 
While study 303 was largely similar to previously completed studies 301 and 302, there were 
several notable differences: 

• Study 303 did not have an open-label extension in contrast to studies 301 and 302, 
which had open label extension phases of 52 and 26 weeks, respectively. 

• Study 303 included only adult patients per recommendations made by the Division due 
to safety/efficacy concerns raised in the initial NDA review cycle. 

• While studies 301 and 302 included exacerbation related secondary endpoints, they 
were not the same as study 303. Endpoints used in the prior studies that were not in 
study 303 included FEF25-75, sputum weight, and rescue antibiotic use. Antibiotic use 
and hospitalizations associated with exacerbations were assessed as rates (studies 301 
and 302) rather than days (study 303). Importantly, in studies 301 and 302, the 
secondary endpoints did not have proper adjustment for multiplicity.  

• Studies 301 and 302 were conducted between 2007 and 2010, whereas study 303 was 
conducted from 2014 to 2017. Between 2010 (end of studies 301 and 302) and 2014 
(end of study 303), one new therapy, ivacaftor, was approved by the FDA for the 
treatment of CF patients with a specific mutation. 

• In study 303, patients were encouraged to continue participating in study even if they 
discontinued study treatment, in contrast to studies 301 and 302. 

• Study 303 included additional patient contact (telephone) compared to studies 301 and 
302. 

• In studies 301 and 302, patients were randomized in a 3:2 ratio, whereas in study 303, 
the randomization ratio was 1:1. 
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3.4.1.1.2 Statistical Analysis Plan 
Analysis Sets 
The following analysis sets were defined in the Statistical Analysis Plan (SAP): 

• Safety Set (SAF): This set included patients who were administered at least one dose (or 
part thereof) of randomized study medication. Patients in this set were grouped 
according to study medication received. This set was used for all analyses of safety 
endpoints. 

• Intent-to-Treat Set (ITT): This set included all randomized patients. Patients were 
grouped according to randomized study medication. This set was used for all analyses of 
efficacy endpoints. 

• Per Protocol Set (PP): This set included all randomized patients who did not have 
deviations from the protocol that may have affected the assessment of response to study 
medication. 

 
Analysis Definitions for Periods 
For Safety Data: 

• On-treatment period: period of time while the patient was on study medication; it started 
with the first dose of study medication after randomization and ended 28 days after the 
last dose of study medication. 

For Efficacy Data: 
• On-treatment period: period of time while the patient was on study medication; it started 

with the first dose of study medication after randomization and ended 7 days after the 
last dose of study medication. 

• Off-treatment period: period of time while the patient was not on study medication; it 
started the eighth day after the last dose of study medication and ended on the date of 
last participation in the study. 

 
Estimands 
The SAP referred to the de facto estimand as Estimand 1 in Mallinckrodt et al.4, which was 
defined as the “difference in outcome improvement at the planned endpoint for all randomized 
participants”.  This estimand was targeted in the primary analysis of the primary efficacy 
endpoint. No other estimands were referenced or defined. The SAP did not specify the 
estimands being targeted by analyses of other endpoints. 
 
Primary Efficacy Endpoint 
Primary Analysis: Absolute change from baseline over the 26-week treatment period (with 
measurements at Week 6, 14, and 26) in Forced Expiratory Volume in 1 second (FEV1) was 
compared between the two treatment groups with a restricted maximum likelihood based Mixed 
Model for Repeated Measures (MMRM) approach.  This model included the fixed categorical 
effects of treatment group, rhDNase use, pooled country, visit, and an interaction term between 
treatment group and visit, as well as the continuous, fixed covariates of baseline FEV1 and 
baseline percent predicted FEV1. Patient was included in the model as a random effect.  An 
                                                 
4 Mallinckrodt, Craig H., et al. "A structured approach to choosing estimands and estimators in longitudinal clinical trials." Pharmaceutical 
Statistics 11.6 (2012): 456-461. 



32 
 

unstructured covariance structure was used to model the within-patient variability.  The 
Kenward-Roger approximation was used to estimate denominator degrees of freedom.  Least 
squares (LS) means for each treatment group and mean treatment group difference, standard 
error (SE), 95% confidence intervals (CIs) and the p-value for the treatment group effect 
averaged across the study visits, with the same weight applied to each visit, were to be 
presented.  Prior to this analysis, missing data were handled in the following manner: 

• All available on-treatment and off-treatment period data were included. 
• Missing baseline values were imputed with screening values, if available. 
• Post-baseline measurements that were missing because of study withdrawal due to 

adverse events (AEs), death, physician decision, or lack of efficacy were imputed using 
a Baseline Observation Carried Forward (BOCF) approach. 

• Post-baseline measurements that were missing because of study withdrawal due to other 
causes (i.e., loss to follow-up, relocation, pregnancy, major protocol deviation, sponsor 
decision, withdrawal of consent, or other) were not imputed. As a result, these 
measurements were assumed to be Missing at Random. 

• Missing data at intermediate visits (i.e., where data were available at a later visit) were 
not imputed. As a result, these measurements were assumed to be Missing at Random. 

Sensitivity Analysis 1 (Pattern Mixture Model): Absolute change from baseline in FEV1 
(averaging over change to Weeks 6, 14, and 26) was compared between the two treatment 
groups with an Analysis of Covariance (ANCOVA) model including as covariates treatment 
group, rhDNase use, pooled country, baseline FEV1, and baseline percent predicted FEV1. Prior 
to this analysis, missing data were imputed (resulting in 1000 multiply imputed datasets) in the 
following manner: 

• As a preliminary step, post-baseline missing data at intermediate visits (i.e., where data 
were available at a later visit) were imputed using a joint modeling approach in order to 
obtain monotone missing data patterns assuming Missingness at Random (MAR), with 
an imputation model including as covariates treatment group, rhDNase use, pooled 
country, and FEV1 at screening, at baseline, and at Weeks 6, 14, and 26. 

• Regardless of treatment group, post-baseline data that were missing because of study 
withdrawal due to adverse events, death, physician, or lack of efficacy were imputed 
using a regression model for baseline FEV1 including as covariates rhDNase use, pooled 
country, and FEV1 at screening, estimated on data from patients with non-missing 
baseline FEV1 values. 

• Within each treatment group, post-baseline data that were missing because of study 
withdrawal due to other reasons were imputed using a regression model including 
rhDNase use, pooled country, and FEV1 at screening, baseline, and at Weeks 6, 14, and 
26, using data from patients in the same treatment group who completed the study. 

 
Sensitivity Analysis 2 (Tipping Point Analysis): Absolute change from baseline in FEV1 
(averaging over change to Weeks 6, 14, and 26) was compared between the two treatment 
groups using the same model as in Sensitivity Analysis 1.  Prior to this analysis, missing data 
were imputed (resulting in 1000 multiply imputed datasets) in the following manner: 
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• As a preliminary step, post-baseline missing data at intermediate visits (i.e., where data 
were available at a later visit) were imputed in the same manner as with Sensitivity 
Analysis 1 

• Then, a regression-based imputation was performed for the remaining FEV1 values, 
regardless of the reasons for withdrawal from the study. The imputation model included 
as covariates treatment group, rhDNase use, pooled country, and FEV1 at screening, at 
baseline, and at Weeks 6, 14, and 26. Measurements for patients in the control group 
that were imputed in this step had their values shifted downward by one of the following 
values (in liters): 0, -0.02, -0.04, -0.06, -0.08, or -0.10. For each of the aforementioned 
values, the measurements for patients in the mannitol group that were imputed in this 
step were shifted downward in increments of 0.02 liters (starting at -0.02 liters) until the 
results tipped from having statistical significance to lacking statistical significance. For 
each of the six aforementioned shift values for the control group, the shift value for the 
mannitol group at which the results tipped was to be reported. 

The results presented in the 303 CSR according to the prespecified reporting approach were not 
very informative, so the Applicant was asked to redo the analysis to present a two-dimensional 
table instead. For each scenario considered in the tipping point analysis, the table includes a 
point estimate for the treatment effect, as well as the corresponding 95% confidence interval 
and p-value. 
 
Sensitivity Analysis 3: This analysis was the same as the primary analysis for the primary 
efficacy endpoint, except that data were not imputed, and any missingness was assumed to be at 
random. Because this assumption for the missingness mechanism is rather strong, results for 
Sensitivity Analysis 3 are not presented in this document.  
 
Sensitivity Analysis 4: A responder analysis was performed where a patient was considered to 
be a responder if (1) the data to determine the change from baseline to Week 26 in FEV1 were 
not missing; and (2) the change from baseline to Week 26 in FEV1 was above a certain 
threshold. The thresholds considered were (in liters) 0.050, 0.075, and 0.100.  The proportion of 
responders were summarized and compared between treatment groups using a logistic 
regression model that included the same covariates as in the model for the primary analysis.  
The treatment group effect odds ratio, as well as the corresponding 95% CI and p-value, were to 
be presented. 
 
Multiplicity Control Procedure 
A hierarchical testing procedure was used, in that if results from the primary analysis for an 
endpoint were found to be statistically significant at the two-sided significance level of 0.05, the 
following endpoint in the hierarchy was to be tested at the same significance level in its primary 
analysis.  If results for any of these endpoints were found to not be statistically significant, 
formal hypothesis testing was not performed for any remaining endpoints in the hierarchy.  The 
procedure began with the primary efficacy endpoint, and the hierarchy was as shown below: 

• Absolute change from baseline over 26 weeks in FEV1 
• Absolute change from baseline over 26 weeks in Forced Vital Capacity (FVC) 
• Time to first protocol defined pulmonary exacerbation (PDPE) 
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• Number of days on antibiotics (oral, inhaled, or IV) due to PDPEs 
• Number of days in hospital (admissions only) due to PDPEs 
• PDPE Rate (per person year) 

 
Primary Analyses for Hierarchical Secondary Efficacy Endpoints 
Change from Baseline Over 26 Weeks in Forced Vital Capacity: This endpoint was analyzed in 
the same manner as in the primary analysis of the primary efficacy endpoint, using the same 
missing data handling methods. 
 
Time to First PDPE: Number of days to the first PDPE was analyzed using a Cox Proportional 
Hazards Model which included as covariates treatment group, pooled country, rhDNase use, 
and number of IV antibiotic treated pulmonary exacerbations (PEs) in the year prior to 
screening.  For this analysis, each patient who did not have a PDPE by the date of his or her last 
participation in the study were censored at that date.  The treatment group hazard ratio, as well 
as the corresponding 95% CI and p-value, were to be presented. 
 
Number of Days on Antibiotics Due to PDPEs, Number of Days in Hospital Due to PDPEs, and 
PDPE Rate: Each of these three endpoints was compared between treatment groups using a 
negative binomial model that included as covariates treatment group, pooled country, rhDNase 
use, and the number of IV antibiotic treated PEs in the year prior to screening.  An offset 
variable of the natural log of follow-up duration (in years) was used in each model to adjust for 
different lengths of follow-up.  For each endpoint, the rate ratio, as well as the corresponding 
95% CI and p-value, were to be presented. 
 
For PDPE rate, if a patient withdrew from the study before Week 14 with no observed instances 
of a PDPE, the number of PDPEs was imputed using half the patient’s historical (previous 12 
months) PE count rounded up to the nearest whole number, and their follow-up duration was 
imputed as 26 weeks. If a patient withdrew from the study after Week 14 with no observed 
instances of a PDPE, the number of PDPEs was imputed using one quarter the patient’s 
historical (previous 12 months) PE count rounded up to the nearest whole number, and their 
follow-up duration was imputed as 26 weeks. 
 
Primary Analysis for Other Secondary Efficacy Endpoints: 
Change from Baseline Over 26 Weeks in CFQ-R Respiratory Domain Score: This endpoint was 
analyzed in the same manner as in the primary analysis of the primary efficacy endpoint, using 
the same missing data handling methods. 
 
Safety Analyses 
In general, safety analyses were descriptive in nature. No inferential statistical testing was 
planned on the safety data. 
 
Key Differences in SAP Compared to Studies 301 and 302 

• Analysis Population Definitions 
o Studies 301 and 302 
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 The SAPs for Studies 301 and 302 defined the ITT population to include 
all randomized patients who received at least one dose of study 
medication 

• Primary Analysis for Change from Baseline Over 26 Weeks in FEV1 
o Studies 301 and 302 

 The SAPs did not reference or define the estimand being targeted 
 Missing measurements for FEV1 were not imputed, and all missingness 

was assumed to be at random 
 Treatment discontinuation was not distinguished from study withdrawal 
 The SAPs did not state whether off treatment data would be included 

o Study 301 
 Patients with no post-baseline assessments of FEV1 were excluded 

o Study 302 
 The SAP did not state whether patients with no post-baseline assessments 

of FEV1 would be included 
• Primary Analysis for PDPE Rate 

o Studies 301 and 302 
 No imputation was performed for any patients who withdrew from the 

study, regardless of the number of observed instances of a PDPE 
• Family-Wise Type I Error Control 

o Studies 301 and 302 
 Because of a prespecified interim analysis, the primary efficacy endpoint 

was tested at the two-sided significance level of 0.0498 
o Study 301 

 There was no multiplicity control procedure for the primary efficacy 
endpoint and the secondary efficacy endpoints 

o Study 302 
 Instead of using an analysis hierarchy, key secondary efficacy endpoints 

were tested using the Holm’s method of correction, at the two-sided 
significance level of 0.05 

 
Protocol Amendments 
Protocol version 1.8 was the first version used dated March 27, 2014. The second version, 
version 2.0, was dated Oct 13, 2014. 
 
Differences between the two protocol versions were: 

• The addition of a study drug discontinuation visit 2 weeks after study drug 
discontinuation (but not study withdrawal) 

• Rephrasing of the PP definition set 
• Clarification of procedures and administrative changes 

 

3.5 Review of Efficacy 

3.5.1 Efficacy Review Approach 
Studies 301, 302, and 303 serve as the primary support for efficacy.  As studies 301 and 302 
were previously reviewed, the focus of this document is study 303 data. However, data from 
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to take an alternate medication (hypertonic saline or Orkambi), or patient decision without 
further clarification. 
 
Note that the study completion data from study 303 are in contrast to those of studies 301 and 
302 (overall study population), where a much lower percentage of patients completed.  In study 
301, only 63% of DPM and 73% of control patients completed the 26-week treatment period. In 
study 302, the findings were similar, though not as pronounced, where 83% of DPM and 88% 
of control patients completed the 26-week treatment period.  Importantly, in studies 301 and 
302 when patients withdrew or discontinued treatment, they were no longer followed for 
efficacy endpoint data.  This resulted in issues related to missing data which complicated 
analyses and interpretation of efficacy from these studies, as the Applicant’s prespecified 
analysis plan used a mixed model for repeated measures (MMRM).  This approach assumes 
that data missingness occurred at random, which did not appear to be the case for DPM, given 
the observed differential drop-out and that the product has known side effects which can make 
it difficult to tolerate for some patients.  Given the lower and non-differential withdrawal in 
study 303, this was not as much of a concern for interpretation and analysis of the efficacy data. 
 
Overall, the percentage of patients who withdrew from study 303 was reasonable for a 26-week 
study. Additionally, withdrawals were balanced between treatment arms.  As such, the concerns 
raised in the analyses of studies 301 and 302 are likely less prominent for study 303. 
 
Protocol Violations/Deviations 
In the randomized patient population, 21 patients in the DPM group (10%) and 31 patients in 
the control group (14.5%) had major protocol deviations (MPDs). The most common protocol 
deviation was related to concomitant medication use (5% DPM, 7% control).  Other reasons 
included inadequate compliance and violation of inclusion/exclusion criteria. 
 

3.5.3 Demographics and Baseline Characteristics 
In study 303, the demographic characteristics between the two treatment arms were fairly 
balanced with minimal differences.  As expected given the nature of CF, this was a 
predominantly young (mean age 28) Caucasian (97%) population.  The mean height and weight 
at screening (not shown) were also fairly balanced. The geographic contributions from the study 
sites are shown; U.S. sites were the largest single country contributor at over 25%.  The next 
highest contribution came from Ukraine, Russia, and Poland at >10% each.  Demographic data 
are summarized in Table 8. 
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Figure 1: Study 303 Treatment Effect Difference for Subpopulations, Change From 
Baseline in FEV1 Over 26 Weeks (L), ITT 

 
Abbreviations: ITT=intention to treat: all subjects randomized; CI=confidence interval 
Source: FDA Statistical Reviewer 

 
Subgroup analyses were also performed based on similar parameters for studies 301 and 302 
(data not shown, see attached January 30, 2013 Division Memorandum, Table 6 in the 
Appendix). 
 
Continuous Responder Analyses: 
To thoroughly evaluate the treatment response in the setting of the significant dropout related 
statistical issues for the prior studies, continuous responder analyses were performed for studies 
301,302, and 303 (Figure 2, Figure 3, Figure 4, Table 22).  These analyses included only those 
patients ≥18 years of age given the Applicant’s target population. For each analysis, a patient is 
classified as having been successfully or unsuccessfully treated according to a specific threshold for 
the change from baseline in FEV1 at week 26, in this case from -200 to +400 mL.  The x-axis 
displays the thresholds required to classify a subject as a successfully treated subject while the y-
axis represents the proportion of ITT subjects who achieved the corresponding threshold.  The 
proportion of DPM treated patients achieving each threshold is represented by the red line and 
proportion of control subjects by the blue. 
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Figure 2: Study 301 Continuous Responder Analysis, Patients ≥18 Years, ITT 

 
Abbreviations: ITT=intention to treat: all subjects randomized  
Source: FDA Statistical Reviewer 
 
Figure 3: Study 302 Continuous Responder Analysis, Patients ≥18 Years, ITT 

 
Abbreviations: ITT=intention to treat: all subjects randomized  
Source: FDA Statistical Reviewer 
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Figure 4: Study 303 Continuous Responder Analysis, ITT 

 
Abbreviations: ITT=intention to treat: all subjects randomized  
Source: FDA Statistical Reviewer 
 
In studies 301 and 302, there is an initial sharp drop from 100% to approximately 50-60% in the 
y-axis corresponding to the proportion of patients who dropped out or whose FEV1 change from 
baseline was a decrease of more than 200 mL.  This was not as pronounced for study 303.  
After the initial drop, some separation between groups is evident.  The DPM group has a 
numerically higher proportion of patients who achieve the increasing change from baseline in 
FEV1 thresholds than does the control group [red line (DPM) generally lies above the blue line 
(control)].  This numerical difference is sustained in the 301 and 303 curves, however for 302, 
at the higher cut-offs, the lines converge.  For the majority of thresholds across all three studies, 
the 95% CI for the odds ratio of DPM to control groups included the null (see Table 22 for the 
50, 75, and 100 mL thresholds).  As such, these continuous responder analyses, while generally 
consistent with the primary analyses for their respective studies, do not provide additional 
support for efficacy. 
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missing data and patient drop-out issues, interpretation of study 301 is complicated. 
Additionally, while post-hoc analyses of patients ≥18 years of age from studies 301 and 302 
may suggest a treatment effect in terms of FEV1, these were post-hoc analyses of a trial that lost 
(302) and a trial with significant statistical issues (301). Moreover, the treatment effect size is 
modest across all studies.  Importantly, these modest in magnitude “wins” on the primary 
spirometric endpoint are not supported by the exacerbation or symptom related secondary 
endpoint measures in any of the phase 3 studies.  
 

3.6 Review of Safety 

3.6.1 Safety Review Approach 
The assessment of safety is primarily based on data from the double-blind phase (DBP) of 
studies 301, 302; and study 303, in patients who were randomized and received at least one 
dose of study drug.  Studies 301 and 302 included patients ≥6 years of age and study 303 
included patients ≥18 years of age.  As the proposed indication includes only those ≥18 years of 
age, this document only reviews and presents safety data from the ≥18-year-old population in 
these studies.  While safety data from studies 301 and 302 were reviewed in the previous NDA 
cycle, that review did not include separate analyses of the ≥18-year-old subgroup. As such it is 
presented here.  Long term safety is supported by the 52 and 26 -week open label extension 
phases (OLP) of studies 301 and 302, respectively; study 303 lacked an extension phase.  The 
DBP of studies 301, 302, and 303 were very similar in design and study population.  Therefore, 
these studies were pooled for safety analysis. 

3.6.2 Overall Exposure 
In the phase 3 studies, 414 patients were exposed to DPM 400 mg BID and 347 patients to 
control during the DBP with a median exposure of approximately 6 months across studies 
(mean range 4-6 months).  Of the 207 patients who received DPM in studies 301 and 302, 130 
patients continued receiving DPM in the OLP.  Of the 134 control patients, 94 switched to 
DPM in the OLP.  The median exposure in the OLP was an additional 6 months (mean range: 
5.9-6.6).  Exposure data during the DBP are summarized in Table 23. 
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three phase 3 studies, two deaths occurred, both in control treated patients.  With regard to 
SAEs, overall, they were balanced between arms, however, for the SAE CF exacerbations, 
events were slightly more common in the DPM versus control treated patients.  AEs leading to 
treatment discontinuation were more common in DPM treated patients compared to control, 
with cough and CF exacerbations accounting for the majority of events.  This suggests that 
there may be tolerability issues associated with DPM.  For severe AEs, overall events were 
similar between groups, however, there were slightly more severe CF exacerbations in DPM 
treated patients than control.  Common AEs occurring more frequently in DPM patients than 
control were cough, oropharyngeal pain, hemoptysis, bacteria sputum identified, and pyrexia. 
 
Focused analyses of hemoptysis, cough, bronchospasm, and CF exacerbations were also 
performed.  Hemoptysis had been a concern in the prior review cycle (primarily in patients <18 
years of age) due to imbalances observed in DPM versus control patients.  However, in the 
analyses of the pooled studies of patients ≥18 years of age and in study 303 alone, the 
differences were smaller suggesting that hemoptysis is less of a concern in the ≥18-year-old 
population.  Cough occurred more frequently in DPM patients than control, particularly in 
events that led to study and drug discontinuation.  Given the known airway effects of mannitol, 
bronchospasm was also explored but that analysis did not reveal major differences between 
groups.  
 
With regard to CF exacerbation, it was the most common AE across the phase 3 studies and 
was slightly greater in frequency in DPM patients compared to controls in most of the safety 
categories (SAEs, AEs leading to study and drug discontinuation, and severe AEs). This finding 
was accentuated when examining CF exacerbation in U.S. patients.  These exacerbation-related 
safety data were also consistent with PDPE data from two of the three phase 3 studies where 
results numerically favored control.  Taken together, the data may suggest a potential 
exacerbation related safety concern for DPM. 
 
Overall, the pooled adult safety data from the phase 3 studies are sufficient to evaluate the 
safety of DPM in the proposed population. Based on these data, DPM may have tolerability 
issues in some patients and is likely associated with cough. Additionally, these data also suggest 
an exacerbation related safety concern based on differences between DPM and control treated 
patients.  The primary safety concern of hemoptysis raised in the previous NDA review cycle 
appears to have been largely addressed.  
 

3.7 Benefit/Risk Considerations  
The efficacy evaluation of DPM in adult CF patients is based on three phase 3 studies (301, 
302, and 303).  Studies 301 and 302 included patients ≥6 years of age. Study 303 included only 
patients ≥18 years of age due to safety concerns raised in studies 301 and 302. Based on the 
Applicant’s pre-specified analyses, results from 302 did not achieve statistical significance in 
the overall population for the primary endpoint of change from baseline in FEV1 over 26-
weeks, whereas studies 301 (overall population) and 303 did.  However, study 301 results are 
complicated by the extent of differential missing data due to differential drop-out raising 
concerns regarding the statistical robustness of the results.  For the ≥18-year-old population in 
studies 301 and 302, while post-hoc analyses may have suggested an FEV1 treatment effect, 
these were post-hoc analyses of a trial that lost (302) and a trial with significant statistical issues 
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(301). Moreover, regardless of the analyses used, the treatment effect size across all studies in 
all age groups was modest.  In study 303, the effect size in terms of the primary endpoint of 
change from baseline in FEV1 over 26-week was approximately 50 mL.  In terms of percent 
predicted FEV1, this milliliter value corresponds to approximately 1.2%. In studies 301 and 
302, in the post-hoc analysis of patients ≥18 years of age, the estimated effect sizes were 
approximately 80 mL.  Whether or not this modest effect size represents a clinically meaningful 
benefit is uncertain.   
 
To assist in the evaluation of benefit, relevant secondary endpoints were assessed such as 
exacerbation and CFQ-RRD score. Across all three studies, there were no statistically 
significant differences between DPM and control groups. Moreover, in the most statistically 
robust of the three studies (303), for the majority of the exacerbation related endpoints, results 
numerically favored control over DPM.  This unfavorable trend was accentuated in the 
subgroup analysis of U.S. patients. To add perspective to these data, for the most recently 
approved CF products, the effect size in terms of percent predicted FEV1 over a 6-month period 
ranged from 2.6% to approximately 12%. Additionally, for these products, the FEV1 
improvements were generally further supported by other clinically relevant endpoints such as 
exacerbation. Overall, while DPM may have an effect on FEV1, it is modest at best, not 
supported by other clinically meaningful endpoints, and smaller than observed in other 
approved CF products.  
 
With regard to risk, based on the adult data from the same three studies, DPM has tolerability 
issues likely related to its known effects on the airways. The hemoptysis safety concern raised 
in the previous review cycle have been largely addressed given the proposed patient population 
(≥18years) and safety data from study 303. Given the unfavorable trends observed for PDPE in 
study 303, as well a higher incidence of adverse events of CF exacerbation (SAE, AE leading to 
discontinuation, and severe AEs) observed in DPM versus control patients, and subgroup 
analyses suggesting that these unfavorable trends were more prominent in the U.S. population, 
an exacerbation-related safety concern has been raised. 
 
In summary, DPM has a modest effect in terms of lung function, has no clear benefit in terms of 
other clinically meaningful parameters such as exacerbation, has tolerability issues, and has a 
potential exacerbation related safety concern. Whether or not the benefit-risk for such a product 
is considered favorable is the primary purpose of this PADAC meeting.  
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3.8 Appendix – FDA Division Memorandum From January 2013 PADAC 
Meeting  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

DIVISION MEMORANDUM 
 
 
Date:  December 28, 2012  
 
From:  Anthony Durmowicz, MD 

Clinical Team Leader, Division of Pulmonary, Allergy, and Rheumatology 
Products, CDER, FDA 

 
To:  Members, Pulmonary-Allergy Drugs Advisory Committee 
 
Subject: Overview of the FDA background materials for NDA 202049, dry powder 

mannitol (proposed name Bronchitol), 400 mg twice daily, indicated for the 
management of cystic fibrosis in patients aged 6 years and older to improve 
pulmonary function. 

 
Introduction 
Thank you for your participation in the Pulmonary-Allergy Drugs Advisory Committee 
(PADAC) meeting to be held on January 30, 2012.  As members of the PADAC you provide 
important expert scientific advice and recommendation to the US Food and Drug 
Administration (the Agency) on the regulatory decision making process related to the 
approval of a drug product for marketing in the United States.  The upcoming meeting is to 
discuss the New Drug Application (NDA) from Pharmaxis, Ltd., seeking an approval for 
mannitol inhalation powder (proposed tradename Bronchitol) 400 mg to be administered 
twice daily for the management of cystic fibrosis (CF) in patients aged 6 years and older to 
improve pulmonary function.   
 

The materials to be discussed in this meeting and the opinions we are seeking are primarily 
related to the statistical and clinical issues related to the efficacy and safety of mannitol 
inhalation powder.  Keep in mind that in the regulatory decision making process to determine 
approvability of a product, the Agency takes into consideration various factors in addition to 
clinical issues, including manufacturing and controls of a product and preclinical 
considerations.  These will not be the focus of this Advisory Committee meeting.   
 
This memorandum summarizes the contents of the Agency background materials and the key 
issues and topics for discussion at the meeting.  The materials prepared by the Agency 
contain findings and opinions based on reviews of information submitted by Pharmaxis, Ltd.  
These background materials represent preliminary findings, and do not represent the final 
position of the Agency.  An important piece in our decision on this application will be the 
opinions and input that we receive from you at this meeting. 
 
Following are the background materials for this meeting. In addition to this memorandum, 
the FDA background materials include the statistical and clinical briefing documents. Note 
that, for consistency, in the text and figures in the remainder of this memorandum, the 400 
mg mannitol for inhalation study drug product will be referred to as dry powder mannitol 
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• February 15, 2006: End of Phase 2 meeting: Issues discussed include Phase 3 study 
duration, the need for 1-year of safety data to support a chronic use indication, 
suitable primary and secondary endpoints, clinical pharmacology and nonclinical data 
needed to support the program, and drug product specifications for both capsules and 
inhaler device. 

 
• August 15, 2006: Special Protocol Assessment* (SPA) Request for study 301: 

Issues included study duration, endpoints, pooling of control subject data, definition 
of CF exacerbation, and statistical analyses regarding imputation of missing data. No 
agreement was reached with the Agency. 
* Concurrence on a SPA creates a binding agreement between a sponsor and the Agency regarding the design, 
conduct, and analysis of certain types of study protocols, including Phase 3 protocols conducted to support product 
approval. See: Guidance for Industry: Special Protocol Assessment, May 2002 
(http://www.fda.gov/cder/guidance/index.htm). 

 
• August 6, 2007: SPA Request for study 302 and subsequent Type A meeting 

(telecon): Issues included study duration to support lung function claim (FEV1) and 
exacerbation claims, definition of CF exacerbation, acceptability of the proposed 
control, and inclusion of children 6 years and older with CF.  Specifically, the 
Agency noted that a study of 6 months duration would not be sufficient to support an 
exacerbation claim and if labeling claims based on secondary endpoint(s) are desired, 
pre-specification of these specific endpoints and plans to control type I error for 
multiplicity would be needed. The Agency also noted that, in general, a clinical 
program is conducted first in adults before studying children and Pharmaxis will need 
to justify using the same dose as adults (400 mg twice daily) in the pediatric 
population. While no agreement was made, the Agency mentioned: 

 
“that some development programs lend themselves to an SPA agreement, while 
other programs are not well suited for this type of agreement as certain questions 
cannot be answered with a “yes” or “no” response, and therefore cannot be part 
of a binding SPA agreement. These questions will become review issues. 
However, even though the Agency does not agree with the sponsor on a specific 
approach, this does not mean that the study cannot be conducted in the manner in 
which Pharmaxis proposed. 

 
• December 10, 2010, Pre-NDA meeting: Pharmaxis and the Agency discussed 

changes to the statistical analyses that could be used to support registration of DPM. 
Pharmaxis proposed several post-hoc changes to the statistical analysis plan which it 
felt would provide a more accurate reflection the efficacy of DPM. These included:  

o After unblinding it was discovered that study 302 had an imbalance between 
treatment groups in FEV1 at baseline but not at screening. As a result, 
Pharmaxis proposed characterizing the effect of DPM on the primary efficacy 
endpoint with post-hoc analyses utilizing change from screening or change 
from the average of baseline and screening as the response variable instead of 
the baseline measurement as in the prespecified analysis plan. The Agency 
mentioned that such post hoc manipulations were generally not acceptable for 
regulatory purposes and stated that the discrepancy between the screening and 
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baseline FEV1 for control group versus treatment group in study DPM-CF-
302 (study 302) creates a significant problem, and raises a question about the 
study conduct (i.e., problem with blinding). The Agency noted that even 
though Pharmaxis feels this issue could be addressed by adjusting the baseline 
measurement, the potential conduct issue creates a large regulatory obstacle to 
overcome. 

o Pharmaxis also proposed a change to the analysis of the primary efficacy 
endpoint for study 301.  In the original analysis of the primary endpoint for 
study 301, the response variable in a mixed model for repeated measurements 
incorporated the change from baseline at baseline (i.e., a zero for all subjects).  
The sponsor’s proposal at the pre-NDA meeting was to re-analyze the primary 
endpoint utilizing only the post-baseline measurements.  The Agency 
acknowledged the sponsor’s intention to reach agreement on proposed types 
of post-hoc analyses; however, the Agency indicated that it is premature to 
comment on the adequacy of the proposed methods, stating that this would be 
determined as part of the review of the NDA.  However, the Agency also 
stated that: 

 
“Pre-specified primary analysis methods are generally relied upon 
heavily in regulatory decision making.  Post-hoc analyses are often 
considered hypothesis generating, and conclusions of such analyses 
usually require confirmation in a subsequent study.” 

 

Product Information 
D-Mannitol is a well known, naturally occurring sugar alcohol found in most vegetables. It is 
used as a nutrient and/or dietary supplement and as an ingredient in numerous drug products. 
As a dietary supplement, it is generally recognized as safe. As an inhaled product, mannitol 
inhalation powder is a bronchoprovocation agent approved in the United States as part of a 
kit (Aridol) for the assessment of bronchial of bronchial hyperresponsiveness in patients 6 
years of age or older who do not have clinically apparent asthma. As such, mannitol, when 
inhaled, has the ability to cause severe bronchoconstriction in susceptible subjects. For the 
treatment of CF, the proposed drug product consists of hard gelatin capsules containing 40 
mg of mannitol, without additional excipients, and a breath-actuated hand held dry powder 
inhaler capable of processing one capsule at a time. 
 
The drug product package (14 day supply) includes 280 clear hard gelatin mannitol-filled 
capsules, which are sealed individually in aluminum blisters (28 blister strips each containing 
10 capsules) and two hand held dry powder inhalation devices. Each dose consists of 
inhaling the contents of ten, 40 mg capsules in succession. The proposed dose is 400 mg (10 
capsules) inhaled twice daily.  
 

Nonclinical Pharmacology/Toxicology 
The toxicology of mannitol by non-inhalation use is well understood. Mannitol is non-
mutagenic, non-carcinogenic and non-teratogenic. Because of the extensive clinical and 
nonclinical data available on mannitol, the toxicology program focused on effects of inhaled 
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mannitol, particularly its effect on the respiratory system. The program included inhalation 
toxicity studies up to 3 and 6 months in rats and dogs, respectively. The studies identified the 
respiratory tract as the target organs of toxicity of inhaled mannitol with increased incidences 
of macrophage aggregation and alveolitis in the 3 month rat study and coughing, laryngeal 
ulceration and sinus histiocytosis in the 6 month dog study. The no observed adverse effect 
level (NOAEL) in the 6 month dog study was 43 mg/kg/day.    
 

Clinical Pharmacology 
While the exact mechanism of its action in the lungs of CF patients is unknown, mannitol, as 
a hyperosmotic agent, when inhaled into the bronchial tree, may increase hydration of mucus 
and the periciliary fluid layer thus facilitating clearance of secretions. As a known bronchial 
irritant, increased cough as a result of its inhalation may also facilitate increased mucus 
clearance. 
 
The rate and extent of absorption of mannitol after oral inhalation is similar to that observed 
after oral administration with a 96% relative bioavailability of inhaled mannitol compared to 
orally administered mannitol. After oral inhalation, the mean time to peak plasma 
concentration is 1.5 hour. Following oral inhalation, the elimination half-life of mannitol is 
4.7 hours regardless of the route of administration (oral, inhalation, and intravenous). It is 
primarily excreted unchanged via the kidney. 
 

Clinical and Statistical 

Overview of the Clinical Program 
The overall cystic fibrosis clinical development program for DPM was relatively small as 
would be expected for a relatively rare disease with orphan designation. Pharmaxis 
Pharmaceuticals Ltd., has submitted the results from two Phase 3 studies (301 and 302) to 
support the regulatory approval of DPM (proposed tradename Bronchitol) at a dose of 400 
mg twice daily for the management of CF in patients aged 6 years and older to improve 
pulmonary function. Support for the dose selected is primarily provided by the findings from 
a small dose selection study (study 202). The general design of the clinical studies relevant 
for DPM in patients with CF can be found in Table 2. 





  

sweet taste) and appearance, Pharmaxis chose a 50 mg inhaled mannitol twice daily dose 
(5mg x10 capsules) as control treatment for phase 3 studies. 

 

Trial Design 
 The main efficacy and safety studies, 301 and 302, were very similar in design. Both were 
randomized, double blind, controlled, parallel group trials designed to assess the efficacy 
and safety of 26 weeks of treatment with DPM 400 mg twice daily in patients ages 6 years 
and older. The double-blind phase was followed by an open-label phase of up to 52-weeks 
and 26 weeks duration for trials 301 and 302, respectively. Patients were required to have 
an FEV1 between 30-90% predicted for trial 301 and between 40-90% predicted for trial 
302. Patients with lung transplants or listed for lung transplant, and those with a history of 
significant hemoptysis (> 60 mL within 3 months of enrollment), were excluded. In 
general, patients were allowed to continue their chronic medication regimens, however, the 
use of inhaled hypertonic saline, a commonly used but not FDA-approved 
mucolytic/expectorant, was excluded. 
 

At the initial screening, eligible patients were screened for airway hyperresponsiveness by 
receiving a MTT under medical supervision. Patients who were able to complete the MTT 
successfully were subsequently randomized 3:2 to receive either DPM 400 mg (contents of 
ten 40 mg capsules) or control (50 mg inhaled mannitol as ten 5 mg capsules) twice daily 
using a breath-actuated hand held dry powder inhaler. As noted above, a true placebo was 
not employed primarily due to the need for the control to match the sweet taste of mannitol 
in the active drug product. Prior to dosing patients were to self-administer a short-acting 
bronchodilator in order to minimize acute bronchoconstriction. Because patients with CF 
typically use several inhaled therapies, the following standardized order of treatment was 
recommended: 

 

1. Short acting bronchodilator 

2. Study drug 

3. Chest physiotherapy 

4. rhDNase (if used) 

5. inhaled antibiotics (if used) 

6. inhaled corticosteroids (if used) 

 

Evaluations were made at screening to assess for eligibility and, once randomized, at 
baseline, week 6, week 14, and week 26. For the open-label extension periods, additional 
evaluations were made at weeks 38, 52, 64, and 78 in study 301 and at weeks 38 and 52 
only for study 302. 
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The primary efficacy endpoint was absolute change from baseline (mL) in FEV1 at week 
26. Baseline FEV1 was obtained at week 0 (visit 1).  

 

Other efficacy endpoints included: 

• Additional spirometry assessments (FVC, FEF25-75) 
• Pulmonary exacerbations (PE) based on adverse events entered into the eCRF 
• Protocol defined pulmonary exacerbation (PDPE) defined as occurring when 

patients were treated with IV antibiotics and experienced at least four of the 
following 12 signs or symptoms: change in sputum production (volume, color, 
consistency), dyspnea, new or increased hemoptysis, malaise, fatigue or lethargy, 
fever (> 38°C), anorexia or weight loss, sinus pain or tenderness, change in sinus 
discharge, FVC or FEV1 decreased by ≥ 10% from previous recorded value, 
radiographic signs indicative of pulmonary infection, increased cough, changes in 
physical examination of the chest) 

• Quality of life using Cystic Fibrosis Questionnaire-R (CFQ-R) (completed at weeks 
0, 14, and 26 

• Rescue antibiotic use (recorded in the study diary)  
• Days in hospital due to pulmonary exacerbation 

 

Efficacy Statistical Analyses Issues 
In this application there are several data analysis issues that are concerning from a 
statistical perspective. The most significant is the treatment-related early discontinuations 
that occurred disproportionally more often in the DPM-treated groups than the control 
groups. This resulted in the post hoc creation by Pharmaxis of a “modified” intent to treat 
population (MITT) that included only ITT patients who attended the week 6 study visit. As 
a result, patients who dropped out before week 6 of either study are entirely excluded from 
efficacy analyses. The effect of early drop-outs is more pronounced for study 301 and 
results in only 88% (156 of 177) DPM patients being included in the MITT analysis 
compared to 95% (112 of 118) of control patients. For study 302, 96% (174 of 184) of 
DPM patients and 99% (120 of 121) of control patients were included in the MITT 
population.  

 

Another factor that contributed to the problem regarding differential missing data is the fact 
that throughout the conduct of the studies there was additional missing data as a result of 
differential drop-out at weeks 14 and 26 when efficacy assessments (FEV1 determinations) 
were made. For example, in study 301, at week 26, 66% (116 of 177) of DPM patients 
compared to 77% (89 of 116) of control patients have observed data while in study 302, 
85% (157 of 184) of DPM patients and 92% (111 of 121) of control patients have observed 
data. While the analyses using the MITT population do not exclude these patients as the 
MITT population does with the early dropouts prior to week 6, because the pre-specified 
analysis plan used a mixed model for repeated measurements (MMRM), missing data were 
not to be imputed. This method is valid only if any missing data occurs at random which 
was not the case for DPM, a product with known side effects making it difficult to tolerate 
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for many patients. As a result, from a statistical perspective, any MMRM estimate of the 
treatment effect using the continuous change from baseline in FEV1 outcome would not be 
reliable. Because continuous responder analyses that illustrate the proportion of DPM and 
control patients who achieve a certain threshold of treatment effect in the primary endpoint 
represent the true ITT population and account for missing data from both groups, the 
Agency feels this representation of data is a more accurate reflection of the efficacy of 
DPM in that patients who cannot tolerate the treatment cannot be expected to receive any 
efficacy from it. 

 

Another analysis issue was that for study 302 the control group’s screening FEV1 value 
was higher by 60 mL (2016 mL vs 1956 mL) than the baseline value. This issue was 
discussed at the pre-NDA meeting, at which time Pharmaxis proposed to adjust the baseline 
value for FEV1 by averaging the screening and baseline FEV1 values to arrive at a new 
“adjusted” baseline. As the screening and baseline values for all other groups for both trials 
301 and 302 were very similar, the functional effect of this proposal would be that the 
difference between treatment groups in the change from baseline in FEV1 would be larger 
if the baseline was “adjusted” to try to account for the difference between the baseline and 
screening values. The Agency mentioned that such post hoc manipulations were generally 
not acceptable and stated that the discrepancy between the screening and baseline FEV1 for 
control group versus treatment group in DPM-CF-302 (study 302) creates a significant 
problem, and raises a question about the study conduct (i.e., problem with blinding). The 
Agency noted that even though Pharmaxis feels this issue could be addressed by adjusting 
the baseline values, the potential conduct issue creates a large regulatory obstacle to 
overcome. 

 

One interim efficacy analysis was conducted for each study; therefore, the alpha level for 
declaring significance of the primary efficacy analysis has been adjusted downwards to 
0.0498. 

 

Efficacy Findings 
About 66% of enrolled patients completed the 26-week double-blind portion study 301 and 
85% in study 302. Early discontinuation occurred more frequently in the DPM group (37% 
in study 301 and 17% in study 302) than in the control group (28% in study 301 and 12% in 
study 302) in each study. The primary reasons for premature discontinuation were adverse 
events (including CF exacerbations) and withdrawal by patient. 
 
The pattern of withdrawal illustrating the greater and more rapid withdrawal in the DPM 
groups is shown in Table 3. 
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o Change in absolute FEF25-75 from baseline across the 26 weeks of blinded 
treatment overall and by rhDNase use 

 
• Secondary Spirometry Endpoints 

Spirometric endpoints other than FEV1 (FVC, FEF25-75) and were included as secondary 
endpoints in the 2 studies. However, as described above, the analysis of other spirometric 
endpoints in a continuous form is also problematic due to the treatment-related early 
discontinuations. When responder analyses in the ITT population using a relative change of 
5% were employed, the results are consistent with those for the primary efficacy endpoint, 
FEV1, in the ITT population; no difference between treatment groups is observed for study 
301 while some marginal differences between treatment groups favoring DPM over control 
were observed for study 302. Nevertheless, as these endpoints are spirometry-based 
pulmonary function tests as is the primary endpoint, they would be expected to trend with 
FEV1 and therefore add little independent support to the primary endpoint. 
 

o Pulmonary Exacerbations 
 As noted above, the protocols outlined a specific definition of pulmonary exacerbations 
(PDPE) to assess as an efficacy parameter. In addition, the treatment-related early 
discontinuations previously described may have also impacted these results as patients who 
discontinued study participation early were not available to report the occurrence of these 
events. For study 301, the annual rate of PDPE was numerically lower in the DPM group 
than in the control group (0.78 and 1.05 events per patient per year, respectively) while for 
study 302 the annual rate of PDPE was very similar between groups (0.52 vs. 0.50 for 
mannitol and control, respectively). The results for either study were not statistically 
significant. The determination of PDPE was also problematic in that exacerbations were 
only assessed for a 26-week period, which is felt to be too short to generate reliable 
exacerbation data. This was communicated to Pharmaxis at an August 6, 2007, meeting 
when it was communicated that a study of 6 months duration would not be sufficient to 
support an exacerbation claim. 
 
The time to first PDPE was also analyzed and there were no statistically significant 
differences between DPM and control treatment groups.  In study 301, the hazard ratio for 
DPM compared with control was 0.77 (95%CI: 0.47, 1.26, p=0.295) while in study 302, the 
hazard ratio for DPM compared with control was 0.74 (95%CI: 0.42, 1.32, p=0.308). 
 

o Other Endpoints 
Sputum weight post treatment at week 14 for study 302 was not specified in the protocol 
but was added as a key secondary endpoint in the SAP. Sputum weight was not specified as 
a key secondary endpoint in either the SAP or protocol for study 301. For study 302 there 
was a 1.4 gram increase in expectorated sputum weight in the DPM group at week 14 study 
visit compared to control and a 4 gram difference in study 301. From a statistical 
standpoint, despite the designation of sputum weight as a key secondary endpoint for study 
302, it was not part of the multiplicity-corrected set of endpoints so that interpretation of 
the p-values are difficult in that the appropriate significance level for comparison is 
unknown. Nevertheless, the clinical benefit of any difference in expectorated sputum 
weight at a single study visit cannot be determined. 
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There were no significant differences in hospitalizations, rescue antibiotic use, or quality of 
life as determined by the CFQ-R between the DPM and control treatment groups when 
analyzed in the MITT population without correction for multiplicity.  
 
Safety Findings 

• Overview of the Safety Database 
The safety database for DPM 400 mg twice daily is comprised primarily of the two efficacy 
and safety trials and their two open-label extension periods. The study designs for the main 
trials are described in the preceding section. Safety assessments conducted throughout the 
Phase 3 program included assessments of pulmonary function during the MTT to determine 
the presence and extent of bronchial hyperreactivity that would preclude randomization and 
further dosing and the occurrence of adverse events throughout the studies. Given the 
known safety profile and metabolism of mannitol, laboratory assessments such as blood 
chemistry and hematology were minimal. 

 

CF is regarded as an orphan disease with approximately 30,000 persons with the disease in 
the US. For the DPM 400 mg twice daily program, the safety population includes 361 
patients exposed for at least 6 months and 117 patients exposed for at least one year. 

 

 For the study 301 and 302 combined safety population, a total of 719 patients were 
administered the MTT to assess for airway hyperreactivity to determine eligibility for 
randomization. A total of 77 patients either failed the test outright as a result of decreased 
FEV1, could not tolerate the dose as demonstrated by the inability to complete inhalation of 
the 10 mannitol capsules that comprised the 400 mg dose, or otherwise withdrew prior to 
randomization. As a result 642 patients were randomized. An additional 42 patients 
withdrew in the 2-5 week period between randomization and the start of study drug 
administration. This left 600 randomized patients who received at least one dose of study 
drug and comprised the main safety population.  
 
Approximately 23% per cent of the study population was from the United States with the 
rest from the European Union or Australia/New Zealand. As would be expected for CF, the 
demographics of the overall patient populations are notable for a study population that was 
almost exclusively Caucasian (97% for the combined studies). Males and females were 
generally evenly matched except for a modest preponderance of males (60%) in the DPM 
treatment group in study 301. Mean age for the study populations was similar, 
approximately 23 years for study 301 and 20 years for study 302. Across both studies, more 
than 50% of the patients were adults (≥18 years), with 25% and 18% of patients being 
adolescents (12-17 years of age) and children (6-11 years of age), respectively. As you 
would expect from the greater mean age, there were more adults in study 301 (64%) than in 
study 302 (50%). Baseline FEV1, both as absolute volume and as per cent predicted, were 
generally well matched across both studies with mean values of approximately 2 L and 
63% predicted, respectively. Weight, height, body mass index were also well matched 
across treatment groups for both studies. However, more patients in study 302 reported use 
of DNase at screening (≈75%) compared to trial 301 (≈55%). 
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• Deaths 

There was one death reported during the conduct of the DPM program. A 15 year old 
adolescent with severe CF lung disease in the control group for study 302 received 
treatment for approximately 5 months; his illness progressed and study drug was halted 
after hospitalization and pneumothorax.  He continued to deteriorate and died of respiratory 
failure despite mechanical ventilation and a trial of extracorporeal membrane oxygenation. 
 

• Serious Adverse Events and Discontinuations due to Adverse Events 
In the placebo-controlled trials, overall more patients in the control group experienced 
SAEs than in the DPM group, 27% vs 21%, respectively. A wide range of events were 
reported and most events occurred in just 1 or 2 patients. CF exacerbations (described by 
the term, “condition aggravated”) was the most frequent SAE and occurred in 19% and 
17% of control and DPM patients, respectively. Hemoptysis was reported more frequently 
as an SAE in the DPM group compared to control with 8 patients (2%) with hemoptysis 
compared to 2 patients (1%) of control patients. Other SAEs were infrequent and primarily 
related to other systemic manifestations of CF such as diabetes, respiratory infections, and 
intestinal obstruction.  
 
During the several weeks between screening and randomization, several SAEs were 
reported in patients who had received the MTT as an assessment of airway hyperreactivity. 
These SAEs, typically CF exacerbations, generally occurred at least several days after the 
MTT and felt not related.  
 
For the 430 patients who continued into the open-label extension periods, except for 
hemoptysis, the types and numbers of patients who reported SAEs in the open-label 
extension were similar as in the 26-week double-blinded period (Table 22, below). While it 
did not appear as if the incidence of hemoptysis increased over time in patients who 
received DPM in the double-blind phase and continued receiving it in the open-label 
periods, for control patients, the number of cases of hemoptysis increased from less than 
1% in the double-blind period to about 3% in the open-label extension period. 
 
A total of 41 (11.4%) patients from the DPM group and 15 (6.3%) from the control group 
withdrew from studies 301 and 302 due to adverse events. Most of the increased number of 
discontinuations in the DPM group was from respiratory system AEs likely to be associated 
with inhaled mannitol, including cough, hemoptysis, bronchospasm, chest discomfort, and 
pharyngolaryngeal pain. 
 
Following are brief discussions regarding adverse events of interest observed in patients 
treated with DPM 400 mg twice daily. 
 

o Hemoptysis 
Patients with a previous history of significant hemoptysis episode (>60mL) within the 3 
months prior to study enrollment were excluded from phase 3 studies. Nevertheless, during 
the double-blind, controlled phase of the studies, the occurrence of hemoptysis was 2 to 4 
times higher for serious adverse events, adverse events leading to withdrawal, severe AEs, 
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Benefit-Risk Assessment 
The determination of efficacy based on the 2 phase 3 studies is complicated by the extent of 
differential missing data due to patient drop-out higher in the active treatment groups 
(especially for study 301) which Pharmaxis’ statistical analyses do not account for. Using 
these analyses in a modified ITT population, a modest but statistically significant increase 
for the primary endpoint of change from baseline in FEV1 across the 26-week treatment 
period was observed in study 301 while the results of study 302 (p value=0.059) did not 
meet the usual standard for statistical significance. The Agency believes, from a statistical 
standpoint, that responder analyses that incorporate the entire ITT population and therefore 
account for the missing data from drop-outs, provide a more accurate reflection of the 
efficacy of DPM in the CF patients enrolled in the studies. Results based on these analyses 
are not consistent with Pharmaxis’ analyses in a modified ITT population. For example, in 
study 301, there were no statistically significant differences between treatment groups in 
the proportion of patients who achieved the FEV1 change from baseline for any of the 
thresholds examined (≥50, 75, or 100 mL) while in study 302 there were statistically 
significant differences between treatment groups at each of the thresholds examined. 

 

Regarding the safety of DPM, while inhaled mannitol may cause severe bronchospasm in 
persons with airway hyperreactivity and its adverse event profile suggests it is a respiratory 
system irritant, there did not seem to be a significant increase in bronchospasm in patients 
treated with DPM and most adverse events with the exception of hemoptysis, were more 
tolerability issues than major safety issues. However, while hemoptysis is known to occur 
in patients with CF, both adults and children treated with DPM had increased numbers of 
AEs for hemoptysis, including SAEs and severe AEs. 

 

Summary 
The purpose of the PADAC meeting is to discuss the efficacy and safety data that have 
been provided to support the approval of DPM for the management of CF in patients aged 6 
years and older to improve pulmonary function.  The main issues for the PADAC to 
consider when considering the overall risk-benefit assessment of DPM 400 mg twice daily 
are as follows: 1)whether, taking into consideration the high numbers of differential patient 
dropouts in the DPM group, the various statistical analyses for the primary endpoint and 
secondary endpoints, the efficacy data presented for the two Phase 3 studies for 
improvement in lung function (FEV1) in patients with CF meets the standard of substantial 
evidence; and 2) whether the safety and tolerability profile of DPM, especially the 
increased incidence of hemoptysis in both children and adults, is sufficient to support its 
use as a chronic maintenance therapy for CF patients.     

 

At the PADAC meeting, the Applicant will present an overview of the efficacy and safety 
data for DPM, followed by the Agency’s presentation.  
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Please keep in mind the following discussion points and questions, some of which are 
voting questions, upon which you will be asked to deliberate, following the presentations 
and discussion. 
 

Draft Topics for Discussion 
 

1. Discuss the evidence to support the efficacy of DPM at a dose of 400 mg twice 
daily in improving pulmonary function in patients 6 years and older with cystic 
fibrosis. 
a) In adults 18 years of age and older 
b) In children and adolescents 6-17 years of age 

  
2. Discuss the overall safety profile of DPM. 

a) In adults 18 years of age and older 
b) In children and adolescents 6-17 years of age 

 
3. Considering the totality of the data, is there substantial evidence of efficacy for 

DPM at a dose of 400 mg twice daily for improvement of pulmonary function in 
patients 6 years and older with cystic fibrosis? (Voting Topic) 

 
a) In adults 18 years of age and older? If not, what further efficacy data should 

be obtained? 
b) In children and adolescents 6-17 years of age? If not, what further efficacy 

data should be obtained? 
  
4. Is the safety profile for DPM for the maintenance treatment of patients with 

cystic fibrosis sufficient to support approval? (Voting Topic) 
a) In adults 18 years of age and older? If not, what further safety data should be 

obtained? 
b) In children and adolescents 6-17 years of age? If not, what further safety 

data should be obtained? 
 

5. Do the efficacy and safety data provide substantial evidence to support approval 
of DPM at a dose of 400 mg once daily for the management of cystic fibrosis in 
patients aged 6 years and older to improve pulmonary function? (Voting Topic) 
a) In adults 18 years of age and older? If not, what further efficacy data should 

be obtained? 
b) In children and adolescents 6-17 years of age? If not, what further efficacy 

data should be obtained? 
 

We look forward to a very interesting meeting and again thank you for your time and 
commitment in this important public health service. 
 

 




