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Mannitol Inhalation Powder
• Sugar alcohol

– Used as osmotic diuretic
– GRAS by enteral route

• Proposed indication: management of cystic fibrosis in 
patients aged 6 years and older to improve pulmonary 
function
– Dose 400 mg (10 capsules) by inhalation twice daily

• Also approved to assess airway hyperresponsiveness
• Other mucus clearance agents used for CF

– Inhaled hypertonic saline
– DNase
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Cystic Fibrosis

• Autosomal recessive disorder
• Caused by mutations in CFTR

• Loss of CFTR function leads to the multi-organ 
abnormalities associated with CF
– Airway obstruction, infection, pancreatic insufficiency/GI 

manifestations, reproductive problems
• 30,000 pts with CF in US
• Despite significant advances, CF remains a fatal 

disorder
– Therapies Rx symptoms and complications of disease
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Clinical Program for Cystic Fibrosis 
- Trial ID, duration, (number), [primary endpoint]

• Dose selection trial
– CF-202, 2 weeks (48), [% FEV1]

• Selected 400 mg twice daily dose
• 50 mg selected as control based on lack of effect

• Phase 3 trials
– CF-301, 26 weeks, (295), [absolute FEV1]
– CF-302, 26 weeks, (305), [absolute FEV1]
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Issues with Program
• Missing data

– Differential drop-out 
• Sensitivity analyses required

• Treatment effect
– Single study demonstrated efficacy, second 

negative/equivocal
– Is treatment effect clinically meaningful?

• Safety
– Known bronchoprovocation agent
– Hemoptysis

• Pediatrics
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Topics for Discussion
• Efficacy determination

– Is there substantial evidence of efficacy
• Impact of missing data/differential drop-out
• Sensitivity analyses suggest a range of effect on FEV1
• Clinical relevance of treatment effect

• Safety data
– Potential safety concerns

• Pediatrics
– Sufficient evidence of efficacy and acceptable safety 

profile
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Thank-you
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Outline
• Overview of the Clinical Program 

Kimberly Witzmann, MD
Clinical Reviewer, DPARP, OND, CDER, FDA

• Statistical Review of Efficacy 
Feng Zhou, MS
Statistical Reviewer, Division of Biostatistics II, OTS, CDER, FDA
Thomas Permutt, PhD
Director, Division of Biostatistics II, OTS, CDER, FDA

• Clinical Review of Efficacy, Safety, and 
Risk/Benefit
Kimberly Witzmann, MD
Clinical Reviewer, DPARP, OND, CDER, FDA
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Therapies for CF
Active Ingredient Trade Name FDA-approved for CF Indication?

Treatment of CF in patients 6 years and older with a G551D mutation in the CFTR gene
Ivacaftor Kalydeco Yes
Inhaled Antibiotics for the Treatment of Pseudomonas aeruginosa
Tobramycin (nebulized) TOBI Yes
Aztreonam (nebulized) Cayston Yes
Polymyxin E (IV form) Colistin No

Inhaled Treatments Used as Mucolytics
Dornase alpha (DNase) Pulmozyme Yes
Hypertonic Saline (7%) ---- No
Inhaled Bronchodilators
Albuterol sulfate Pro-Air, Ventolin, 

Proventil, Albuterol™, etc.
Approved as bronchodilator

Levalbuterol hydrochloride Xopenex Approved as bronchodilator

Anti-Inflammatory Agents
Oral azithromycin Zithromax No
Oral high-dose Ibuprofen Motrin, Advil, etc. No
[Source: Approved labeling data from Drugs@FDA,.gov]
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Dry Powder Mannitol (DPM) for CF
• Proposed trade name- Bronchitol®
• Related product- Aridol® Test kit

– Assessment of bronchial hyper-responsiveness
• Proposed indication:

For the management of cystic fibrosis (CF) in 
patients aged 6 years and older to improve 
pulmonary function 

• Proposed dosage and administration:
– 400mg (10 capsules) twice a day 
– administered with a dry powder inhaler device
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Relevant Regulatory History
11/22/2004: IND Opened

- Orphan Drug status granted
- Fast Track status granted

2/15/2006: End of Phase 2 Meeting
- Phase 3 study duration depends on primary outcome
- Need for 1 year safety data
- FEV1 variable is reasonable, but small changes in FEV1 alone  
would not be sufficient to support approval, additional co-primary or 
secondary outcomes required

12/10/2010: Pre-NDA meeting
- Sponsor proposed post hoc changes to statistical analyses
- Premature to comment on adequacy of proposed methods
- Post hoc analyses are generally hypothesis-generating/exploratory
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DPM CF Development Program
• 7 studies: two Phase 3, five Phase 1 or 2 
• Majority of Phase 1 & 2 were open-label  
• Single dose-ranging: Study 202

Study Test product N Duration Countries

Phase 2 open-label crossover

CF-202 DPM 400mg BID, then 
randomized to 40, 120 or 240mg BID

48† 2 weeks 
each arm

Canada, 
Argentina

†= 85 patients received Mannitol Tolerance Test, 48 patients completed 400mg arm, 44 completed all dosing arms, 38 patients completed with 
no missing data
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DPM Program Dose Selection-Study 202

DPM Dose
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Phase 3 Studies for DPM Program
Study
(Years 

conducted)

Test Product N Duration Countries

Phase 3 randomized, double-blinded, controlled, parallel-group studies of DPM in CF

CF-301

(2007-2009)

DPM 400mg inhaled BID
Control BID

177
118

26 weeks Australia, 
New Zealand, 
UK, Ireland

CF-302

(2008-2010)

DPM 400mg inhaled BID
Control BID

184
121

26 weeks USA, Canada, 
Argentina,Germany, 
Belgium,France, 
Netherlands
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Studies 301 and 302: Design

Visit 0
(Screening)

1
(Baseline) 

2 3 4 5-8

Week -5 to -2 0 6 14 26 52
Phase Double-Blinded Phase OL

Action Screen Assess
Begin Study 

Drug

Assess Assess Assess Assess

Treatment MTT DPM or Control DPM

MTT= Mannitol Tolerance Test, OL= Open Label Phase
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Enrollment Criteria
Study Inclusion Criteria Exclusion Criteria

301
and
302

•Male or female patient with CF, aged > 6 
years
•FEV1 > 30% and < 90% predicted (301)
•FEV1 > 40% and < 90% predicted (302)
•No intolerance to mannitol or beta-agonists
•Able to perform PFTs

•“MTT test positive” (as evaluated by 
first dose)
•Use of beta-blockers
•Hypertonic saline use 
•History of significant hemoptysis 
(>60mL) within 3 months before 
enrollment

FEV1= Forced Expiratory Volume in 1 Second, PFT= Pulmonary Function Testing
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Patient Disposition

Disposition Category Studies 301 and 302 Combined
N (%)

All Enrolled 731 (100)

Ineligible at enrollment 12 (2)

All Screened/given MTT 719 (98)

Subjects MTT positive (41)/ couldn’t complete (27) 68 (10)

Subjects MTT negative but not Randomized 10 (1)

All Subjects Randomized 642 (88)

Did not get drug Visit 1 42 (6)

Safety/ ITT Total 600 (82)

MTT= Mannitol Tolerance Test, ITT= Intent-to-Treat Population
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Baseline Characteristics

Baseline 
Characteristic

Study 301 Study 302
DPM

N=177
Control
N=118

DPM
N=184

Control
N=121

Age Mean 
(SD)

23.1
(11.7)

22.8
(10.8)

19.6
(9.3)

20.4
(10.2)

Race:
Caucasian

169 (95) 115 (97) 182 (98) 119 (98)

FEV1 (L), Mean 
(SD)

2.07 
(0.82)

1.95 
(0.69)

2.06 
(0.77)

1.96 
(0.74)

FEV1 % Predicted 
Mean  (SD)

62.4% 
(16.4)

61.4% 
(16.1)

64.7%
(15.7)

62.3%
(16.0)

Pancreatic 
Insufficiency

107 (61) 74 (63) 160 (87) 106 (88)

P. aeruginosa 
(mucoid)

58 (33) 48 (41) 49 (27) 39 (33)

P. aeruginosa= Pseudomonas aeruginosa, mucoid strain
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Efficacy Endpoints
Study Primary Endpoint Secondary Endpoints

301
and
302

Absolute change in 
FEV1 across 26 

weeks

•

 

Change in absolute FEV1 in the rhDNase group
•

 

Pulmonary exacerbations
•

 

Quality of Life scores using the Cystic Fibrosis 
Questionnaire

•

 

Rescue antibiotic use
•

 

Change in FVC from baseline 
•

 

Change in FEF25-75% from baseline
•

 

Days in the hospital due to pulmonary exacerbations
•

 

Change in Sputum Weight (302 SAP only)

FEV1= Forced Expiratory Volume in 1 Second, FVC= Forced Vital Capacity, 

FEF 25-75%= Forced Expiratory Flow Between 25 and 75% of the Forced Vital Capacity
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Outline
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Kimberly Witzmann, MD
Clinical Reviewer, DPARP, OND, CDER, FDA

• Statistical Review of Efficacy 
Feng Zhou, MS
Statistical Reviewer, Division of Biostatistics II, OTS, CDER, FDA
Thomas Permutt, PhD
Director, Division of Biostatistics II, OTS, CDER, FDA

• Clinical Review of Efficacy, Safety, and 
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Clinical Reviewer, DPARP, OND, CDER, FDA
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Outline
• Study design
• Differential early study discontinuation
• Primary efficacy analysis

– Treatment-related missing data and pre-specified 
statistical models

– Cumulative responder analysis as a post-hoc 
alternative analysis

• Secondary efficacy endpoints
• Subgroup analyses of the primary efficacy 

endpoint in pediatrics

2



Study Design (301 and 302)
• Double blind, parallel group, randomized (3:2)

– DPM (mannitol 40 mg x 10 capsules, BID)
– Control (mannitol 5 mg x 10 capsules, BID)
– Stratified by rhDNase user (yes or no) and region (301) 

or country (302)
• Screening procedures and mechanisms in place 

to deter early study discontinuation differed 
between studies
– Studies were not conducted concurrently
– Screening MTT 2-5 weeks before baseline

• 301: 5mg, 10mg, 20mg, and 40mg until total dose of 395mg
• 302: 40mg until total dose of 400mg
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Study Design (301 and 302)
• Primary endpoint

– Absolute change in FEV1 from baseline across 26-week 
double-blind treatment period

– Primary analysis: Mixed model for repeated 
measurements (MMRM) with following predictors:

• Treatment, visit, rhDNasae use, region/country, age, gender, 
baseline FEV1, and disease severity

• Treatment-by-visit interaction in addition for study 302

– ITT:  All subjects randomized who received at least one 
dose of study drug

– One efficacy interim analysis (0.0498 final two-sided 
significance level)
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Study Design (301 and 302)

• Secondary Endpoints
– Study 301 did not apply multiple adjustment to the 

secondary endpoints.
– Study 302 applied the Holm’s method to control the 

type-I error for following key secondary endpoints. 
• Mean change in absolute FVC from baseline over 26 weeks
• Mean change from baseline in %predicted FEV1 over 26 weeks 
• Sputum weight post-treatment at baseline
• Mean change from baseline in absolute FEV1 over 26 weeks in 

rhDNase use group
• Mean change in absolute FEF25-75 from baseline over 26 weeks  
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Differential Early Study Discontinuation
 Study 301 (N=295) Study 302 (N=305) 

 DPM Control DPM Control
Population 

ITT 176 (100%) 118 (100%) 184 (100%) 121 (100%)
Early study discontinuation (no 
post-baseline measurement) 

 
20 

 
6 

 
7 

 
1 

MITT 156 (89%) 112 (95%) 177 (96%) 120 (99%) 
Additional early study 
discontinuations 

 
44 

 
26 

 
24 

 
13 

Completed 26 week treatment 
period 

 
112 (64%) 

 
86 (73%) 

 
153 (83%) 

 
107 (88%) 

Reason for early study discontinuation 
Withdrew by patient 28 (16%) 22 (19%) 13 (7%) 7 (6%)
Adverse event 29 (16%) 10 (8%) 13 (7%) 5 (4%)
Physician decision 6 (3%) 0 (0%) 2 (1%) 1 (<1%)
Applicant decision 1 (<1%) 0 (0%) 0 (0%) 0 (0%)
Other reasons 1 (<1%) 0 (0%) 3 (2%) 1 (<1%)
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Primary Efficacy Analysis using MMRM
Change from Baseline in FEV1 (mL) (MITT)

*MITT population excludes subjects with no post-baseline data and statistical analysis methods 
assume missing data is missing at random

 DPM 
 

Control 
 

Treatment Comparison 
DPM - Control 

   LS Mean 
(SE) 

95%CI p-value

Average effect from week 6 to week 26 (LS mean (SE)) 
Study 301         
(m=156, c=112)* 

 
118 (15) 

 
35 (17) 

 
83 (22) 

 
(39, 127) 

 
<0.001 

Study 302 
(m=177, c=120)* 

 
107 (22) 

 
52 (26) 

 
54 (29) 

 
(-2, 110) 

 
0.059 
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Sensitivity Analysis for Primary Endpoint 
(Baseline Observation Carried Forward)
Change from Baseline in FEV1 (mL) (ITT)

 DPM 
 

Control 
 

Treatment Comparison 
DPM - Control 

   LS Mean 
(SE) 95%CI p-value

BOCF      
Study 301            
(m=176, c=118)  

 
81 (14) 

 
19 (18) 

 
62 (24) 

 
(15, 107) 

 
0.010 

Study 302 
(m=184, c=121) 

 
76 (22) 

 
12 (28) 

 
65 (35) 

 
(-5, 134) 

 
0.070 
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Post-hoc Analysis of Primary Efficacy Endpoint

Study 301 Study 302

Responder Analysis: Change from Baseline in FEV1 (mL) 
at Week 26 (ITT)

9
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Post-hoc Analysis of Primary Efficacy Endpoint

Responder Analysis: Change from Baseline in FEV1
at Week 26 (ITT)

Response Threshold DPM Control 
Odds Ratio 
(95%CI) 

(DPM vs. Control)
Study 301 
(m=176, c=118) 

  

FEV1 absolute increase≥50mL 73 (41%) 42 (36%) 1.2 (0.8, 2.0)
FEV1 absolute increase≥75mL 66 (37%) 35 (30%) 1.3 (0.8, 2.2)
FEV1 absolute increase≥100mL 62 (35%) 33 (28%) 1.3 (0.8, 2.2)

Study 302 
(m=184, c=121) 

  

FEV1 absolute increase≥50mL 97 (53%) 48 (40%) 2.0 (1.2, 3.3)
FEV1 absolute increase≥75mL 92 (50%) 44 (36%) 2.0 (1.2, 3.4)
FEV1 absolute increase≥100mL 84 (46%) 43 (36%) 1.7 (1.0, 2.8)

 

 



Selected Secondary Efficacy Endpoints

• Protocol defined pulmonary exacerbations 
(PDPE)
– Rescue antibiotic use for PDPE
– Hospitalizations associated with PDPE

• Quality of life

11
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Selected Secondary Efficacy Endpoints
Annual Rate of Protocol Defined Pulmonary Exacerbations 
(PDPE) (ITT)

 
DPM 

Mean (SD)
Control 

Mean (SD) 

Rate Ratio 
(95%CI)  

(DPM. vs. Control)
p-value 

Study 301  
(m=177, c=118) 

PDPE 0.78 (1.98) 1.05 (2.15) 0.78 (0.51, 1.19) 0.251
Study 302  
(m=184, c=121) 

PDPE 0.52 (1.70) 0.50 (1.14) 0.85 (0.51, 1.41) 0.520
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Selected Secondary Efficacy Endpoints
Annual Rate of Rescue Antibiotic Use or Hospitalization due to 
PDPE (ITT)

Secondary Endpoints Study 301 Study 302 
Episodes of Rescue Antibiotic Use 
due to PDPE 

95%CI 
p-value

 
RR=0.76 

(0.50, 1.16) 
0.197 

 
RR=0.89 

(0.69, 1.15) 
0.368

Hospitalization due to PDPE 
95%CI 
p-value 

 
RR=1.00 

(0.59, 1.68) 
0.992 

 
RR=0.75 

(0.42, 1.33) 
0.328
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Selected Secondary Efficacy Endpoints

QoL – CFR-Q-Respiratory Domains Score (Subset of MITT)

Secondary Endpoints Study 301 Study 302 
N DPM=114, Ctrl=87 DPM=156, Ctrl=110 

QoL – CFR-Q-Respiratory 
domains  

95%CI 
p-value

 
TRT Diff=0.0 
(-2.0, 2.0) 

0.996 

 
TRT Diff=-3.88 

(-8, 0.22) 
0.063

 



Subgroup Analyses of the Primary 
Efficacy Endpoint in Pediatrics
Responder Analysis: Change from Baseline in FEV1 at Week 
26 (ITT), Study 301

Age 6 – 17

DPM = 63

Control = 42 

Age 18+

DPM = 114

Control = 76
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Subgroup Analyses of the Primary 
Efficacy Endpoint in Pediatrics
Responder Analysis: Change from Baseline in FEV1 at Week 
26 (ITT), Study 302

Age 6 – 17

DPM = 91

Control = 63 

Age 18+

DPM = 93

Control = 58

16



Summary
• Differential Early Study Discontinuation

– 64% of DPM and 73% of control subjects completed 
the 26 week treatment period in study 301

– 83% of DPM and 88% of control subjects completed 
the 26 week treatment period in study 302

• Primary Efficacy Endpoint
– Pre-specified MMRM statistical models may not provide 

an accurate estimate of the treatment effect
– Cumulative responder analyses suggest numerical 

differences in efficacy between treatment groups
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Summary
• Secondary efficacy endpoints

– No statistically significant differences between 
treatment groups in non-spirometric endpoints were 
observed in either study, but numerically the results 
sometimes favored DPM 

• Subgroup analyses of the primary efficacy 
endpoint in pediatrics
– In Study 301, numerical differences between 

treatment groups in the cumulative responder plots 
for the primary efficacy endpoint appear to be smaller 
in the age 6-17 group compared to that in the age 18 
and over group. This trend is not replicated in Study 
302.
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Summary
• Prespecified analysis insufficient here
• Effect in tolerators important but difficult
• Sensitivity analyses are persuasive
• Effect best described by responder profile
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Prespecified Analysis
• MMRM ~ average of available 

observations
• Sound method, wrong question
• Respond then drop out good score

– but not good outcome
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Effect in Tolerators
• Important if …

– treatment can be modified or discontinued, 
and …

– toxicity is reversible
• Not analysis of completers

– because can’t identify tolerators in control 
group

• Even “FAS” problematic for same reason
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Sensitivity Analyses
• Important
• Include some with bad scores for dropouts
• We believe effect on FEV1 is real but

– not large
– probably overestimated by the primary 

analysis
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0

Study Week

6 14 26

Change 
from 
Baseline 
in FEV1

0

150

Observed          Multiple Imp.          Pattern Mixture        Tipping Point          BOCF

Difference btw
DPM and control
is assumed constant

Observed          Multiple Imp.          Pattern Mixture        Tipping Point          BOCF

Credit being carried
forward for early
response which is
generally larger and
more frequent on
DPM than control

DPM

Control

BOCF does not
suffer from these
faults but may not
adequately capture
variance
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Sensitivity Analyses
• Important
• Include some with bad scores for dropouts
• We believe effect on FEV1 is real but

– not large
– probably overestimated by the primary 

analysis
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How Much Effect? (301)



99

But … (302)



1

Outline
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Clinical Review of Efficacy, Safety, 
and Risk/Benefit
• Efficacy review: clinical implications 
• Safety review 

– Extent of exposure 
– Main safety results 

• Deaths 
• Nonfatal serious adverse events (SAEs) 
• SAEs of interest
• Common adverse events (AEs)
• Safety in Subgroups

• Risk/Benefit 



3

Efficacy Summary

Study 301 Study 302
Post hoc Sponsor’s MMRM- Average Treatment effect from week 6-26, MITT

N DPM=157 C=112 DPM=177 C= 120
LS Mean (SE) 83.1mL (22.2) 54.1mL (28.5)
95% CI (39.5, 126.8) (-2.0, 110.3)
p-value <0.001 0.059

Sensitivity Analysis-BOCF, ITT†

N DPM=172 C=118 DPM=184 C= 121
LS Mean (SE) 62mL (24) 65mL (35)
95% CI (15, 107) (-5, 134)
p-value 0.010 0.070
†= Baseline Observation Carried Forward, change from baseline in FEV1
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FEV1 in the Context of DPM for CF
• Inhaled Mannitol

– Not a bronchodilator
• Facilitates airway clearance
• Chronic use should result in improved pulmonary outcomes

• FEV1 
– Measure for overall improved pulmonary function
– Meaningful improvement should be reflected in other endpoints

• Fewer infections, hospitalizations, exacerbations
• Better quality of life

– Studies 301/ 302 numerical, but no significant changes:
• Incidence or time to first pulmonary exacerbation
• Rescue antibiotic use
• Days in the hospital due to exacerbation
• Quality of life scores
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Pediatric Efficacy: 6-17 years
Study 301 Study 302
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Clinical Perspective
• Study 301

– Missing data due to differential dropout (36%DPM and 27% control)
– Primary analysis met statistical significance
– Sensitivity analyses- effect not due to chance alone

• FEV1 point estimates range from 59 to 83mL

• Study 302
– Missing data not as problematic (17% DPM and 12% control)
– Primary analysis does not meet usual standard for statistical 

significance (p= 0.059)
– Sensitivity analyses 

• FEV1 point estimates range from 49 to 63mL

• Secondary endpoints
– Sometimes numerically favors DPM, but not statistically significant

• Pediatrics
– 301 suggests a problem for efficacy in pediatrics, 302 cannot confirm
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Clinical Review of Efficacy, Safety, 
and Risk/Benefit
• Efficacy review: clinical implications 
• Safety review 

– Extent of exposure 
– Main safety results 

• Deaths 
• Nonfatal serious adverse events (SAEs) 
• SAEs of interest
• Common adverse events (AEs)
• Safety in Subgroups

• Risk/Benefit 
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Safety: Extent of Exposure
Treatment duration N

Overall exposure 541

Double-blinded to 26 weeks 244

All to 26 weeks 308

All to 48 weeks† 240

All to 52 weeks 117

†= Taken from Sponsor’s AC Briefing Document, page 161
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Major Safety Overview
Double-Blinded Period

DPM 
N=361

Control
N=239

Category N (%) N (%)

Deaths 0 0

Subjects with at least one SAE 77 (21) 65 (27)

Subjects who Discontinued from 
Study for Any Reason

96 (27) 46 (19)

Subjects with any AE Leading to 
Study Discontinuation

41 (11) 15 (6)

Subjects with at least one 
Adverse Event Reported

319 (88) 215 (90)
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Serious Adverse Events
Phase 3 Controlled Studies Double-Blinded Period

DPM  N=361 Control N= 239

System Organ Class/ Preferred Term Total # Subjects (%) Total # Subjects (%)

Any SAE 77 (21) 65 (27)

General Disorders and Administration Site Cond. 60 (17) 45 (19)

Condition Aggravated 60 (17) 45 (19)

Respiratory, Thoracic and Mediastinal Disorders 11 (3) 7 (3)

Hemoptysis 8 (2) 2 (1)

Pleuritic Pain 1 (0.3) 1 (0.4)

Pneumothorax 0 2 (1)

Gastrointestinal Disorders 4 (1) 7 (3)

Constipation 0 2 (1)

DIOS 2 (0.6) 1 (0.4)

Intestinal Obstruction 0 2 (1)

Infection and Infestations 7 (2) 13 (5)

Lower Respiratory Tract Infection 4 (1) 5 (2)

Pneumonia 0 2 (1)
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Discontinuations Due to AE
Phase 3 Controlled Studies Double-Blinded Period

System Organ Class/ Preferred Term DPM  N= 361 (%) Control N= 239 (%)

Patients with Any AE Leading to Study Drug Discontinuation 41 (11) 15 (6)

General Disorders and Administration Site Cond. 12 (3) 3 (1)

Condition Aggravated 8 (2) 3 (1)

Chest Discomfort 3 (1) 0 

Respiratory, Thoracic and Mediastinal Disorders 32 (9) 9 (4)

Hemoptysis 6 (2) 0

Cough 18 (5) 6 (3)

Bronchospasm 2 (0.6) 0

Pharyngolaryngeal Pain 3 (1) 0

Throat Irritation 1 (0.3) 1 (0.4)

Wheezing 0 2 (1)

Nervous System Disorders 1 (0.3) 1 (0.4)

Headache 1 (0.3) 1 (0.4)

Infection and Infestations 0 2 (1)

Lower Respiratory Tract Infxn. 0 1 (0.4)

Pneumonia 0 1 (0.4)
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Specific Safety Concerns

• Bronchospasm

• Hemoptysis

• Overall Tolerability
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Bronchospasm
System Organ Class
Preferred Term

Double-Blinded Period

DPM 
N= 361

Control
N= 239

Any bronchospasm-related AE 21 (6) 13 (5)
General Disorders and 

Administration Site Cond.
Chest Discomfort 10 (2.8) 4 (1.7)
Respiratory, Thoracic and 

Mediastinal Disorders
Asthma 2 (0.6) 3 (1.3)
Asthmatic Crisis 0 1 (0.4)
Bronchial Hyperreactivity 1 (0.3) 0
Bronchospasm 2 (0.6) 0
Wheezing 6 (1.7) 5 (2.1)
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Hemoptysis
Double-Blinded Phase

Category DPM 
N=361 (%)

Control
N=239 (%)

SAE
Hemoptysis

8 (2.2) 2 (0.8)

Withdrawal due to 
AE- Hemoptysis

6 (1.7) 0

AE 
Hemoptysis

34 (9.4) 13 (5.4)

Severe AE
Hemoptysis

4 (1.1) 1 (0.4)
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Common Adverse Events

Double-Blinded Period

Event by Preferred Term DPM 
N=361

Control
N=239

Cough† 93 (26) 49 (21)
Pharyngolaryngeal Pain 44 (12) 18 (8)
Nasopharyngitis 37 (10.2) 23 (9.6)
Hemoptysis 34 (9) 13 (5)
Vomiting‡ 30 (8) 8 (3)
Pyrexia 24 (7) 15 (6)
Diarrhea 17 (5) 6 (3)
Arthralgia 14 (4) 7 (3)
†Cough includes terms “cough” and “productive cough”
‡Vomiting includes terms “vomiting” and “post-tussive emesis”

Incidence of Adverse Events in >4% of DPM-Treated Patients and Greater 
than Control in Controlled Phase 3 Trials of 26 Weeks’ Duration
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Subgroups

• Pediatrics
– Overall safety
– Hemoptysis

• Severe Lung Disease (FEV1 <40% predicted)
– SAEs similar
– Discontinuation due to AE  29% vs. 15%
– AE of hemoptysis 19% vs. 10%
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Pediatric Safety-Overall

Double-Blinded Period

Subject group DPM Control

Age 6-17 years N=154 N=105

Subjects with at least one 
SAE

30 (20) 29 (28)

Subjects with any AE 
Leading to Study 
Discontinuation

9 (6) 3 (3)

Subjects with at least one 
Adverse Event Reported

141 (92) 100 (95)
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Pediatric Safety-Hemoptysis
Double-Blinded Period

Category DPM Control Total
Pediatric (6-17 yr) N=154 N=105 N=259 (43%)
Any Hemoptysis 12 (7.8) 2 (1.9) 14 (5.4)

Severe AE 2 (1.3) 0 2 (0.8)

Serious Adverse Event 3 (1.9) 1 (1.0) 4 (1.5)

Withdrawal due to AE 0 0 0

Adult (> 18 yr) N=207 N=134 N=341 (57%)
Any Hemoptysis 22 (10.6) 11 (8.2) 33 (9.7)

Severe AE 2 (1) 1 (0.7) 3 (0.9)

Serious Adverse Event 5 (2.4) 1 (0.7) 6 (1.8)

Withdrawal due to AE 6 (2.9) 0 6 (1.8)
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Pediatric Hemoptysis

Double-Blinded Period

Category DPM Control

Pediatric (6-11 yr) N=66 N=41

Any Hemoptysis Event 4 (6.1) 0

Severe AE 1 (1.5) 0

Serious Adverse Event 0 0

Adolescent (12-17 yr) N=88 N=64

Any Hemoptysis 8 (9.1) 2 (3.1)

Severe AE 1 (1.1) 0

Serious Adverse Event 3 (3.4) 1 (1.6)
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Safety Summary
• Bronchospasm

– 10% of enrolled pts could not complete first dose (MTT)
– Once randomized, little difference between DPM and control

• Hemoptysis
– Significant issue, twice as many SAEs, severe AE vs. control

• Overall tolerability
– An issue even if one can “pass” MTT
– AEs due to cough, throat pain, vomiting, hemoptysis common 

and frequent cause for discontinuation

• Pediatrics
– 3-4 times amount of hemoptysis compared to control

• Appears to be more in 6-11 year old population

• Severe lung disease
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Benefit/Risk Assessment

• Benefit
– Study 301 positive, Study 302 negative/equivocal
– Missing data make it difficult to estimate effect on FEV1

• Is the range of effect clinically meaningful?
– Some secondary endpoints show numerical trend but support 

not robust
• Risk

– Poorly tolerated by many pts
• Unable to complete initial dose
• AEs cough, throat pain, hemoptysis, vomiting

– Hemoptysis substantially greater in DPM treated pts
• Pediatrics

– Data may suggest less efficacy
– Increased hemoptysis



1

FDA Advisory Committee Meeting 
January 30, 2013

New Drug Application (NDA) from Pharmaxis Ltd. 
seeking approval of mannitol inhalation powder 

for Cystic Fibrosis (CF)

Anthony Durmowicz, MD
Division of Pulmonary, Allergy, and

Rheumatology Products
Center for Drug Evaluation and Research

US Food and Drug Administration
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Topics for Discussion
• Efficacy determination

– Is there substantial evidence of efficacy
• Impact of missing data/differential drop-out
• Sensitivity analyses suggest a range of effect on FEV1
• Clinical relevance of treatment effect

• Safety data
– Potential safety concerns

• Pediatrics
– Sufficient evidence of efficacy and acceptable safety 

profile
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Efficacy Standard 
- CFR 314.125 Refusal to Approve an Application

(b) (5) “… substantial evidence consisting of 
adequate and well-controlled investigations … 
that the drug product will have the effect it 
purports or is represented to have under the 
conditions of use prescribed, recommended, or 
suggested in the proposed labeling.”
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Meaning of Substantial Evidence*
• Replicate, well-designed, well controlled studies 

demonstrating an efficacy finding
– 2 studies, appropriate endpoint, both win statistically and 

clinically
– 1 positive study does not meet that bar

• When can one study suffice
– Excellent design, multicenter study showing highly reliable, 

statistically strong evidence on an important clinical benefit 
such as survival

– Single study demonstrating statistically and clinically 
meaningful benefit in multiple unrelated, prespecified 
endpoints

*Guidance for Industry: Providing Clinical Evidence of Effectiveness for Human Drug 
and Biological Products (1998)
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Safety Standard 
- CFR 314.125 Refusal to Approve an Application

(b) (2) “… do not include adequate tests… to show whether 
or not the drug is safe for use under the conditions 
prescribed, recommended, or suggested in its proposed 
labeling.”

(b) (3) “The results of tests show that the drug is unsafe for 
use under the conditions prescribed, recommended, or 
suggested in its proposed labeling or the results do not 
show that the drug product is safe for use under those 
conditions.”

(b) (4) “There is insufficient information about the drug to 
determine whether the product is safe for use under the 
conditions prescribed, recommended, or suggested in its 
proposed labeling.”
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Risk-Benefit 

• Risk-Benefit determination taken in context that 
CF is a serious disease
– What are acceptable risks for given benefit

• Still need substantial evidence of efficacy
– Evidence standard same for all drugs including those 

for orphan diseases
• Still need adequate evaluable safety profile
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Question 1 
Discussion

Discuss the evidence to support the efficacy of 
dry powder mannitol (DPM) at a dose of 400 mg 
twice daily in improving pulmonary function in 
patients 6 years and older with cystic fibrosis.
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Question 2 
Discussion

Discuss the overall safety profile of DPM.
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Question 3 
Discussion

Discuss the support for efficacy and the safety 
profile of DPM in children and adolescents 6-17 
years of age.
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Question 4 
Voting Question

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?
a) If not, what further efficacy data should be 

obtained?
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Question 5 
Voting Question

Is the safety profile for DPM for the maintenance 
treatment of patients with cystic fibrosis sufficient 
to support approval?
a) If not, what further safety data should be 

obtained?



12

Question 6 
Voting Question

Do the efficacy and safety data provide 
substantial evidence to support approval of DPM 
at a dose of 400 mg twice daily for the 
management of cystic fibrosis in patients aged 6 
years and older to improve pulmonary function?
a) If not, what further data should be obtained?
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