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1. Introduction

This application is for inhaled dry powder mannitol (DPM) as add-on maintenance therapy to
improve pulmonary function in adult patients 18 years of age and older with cystic fibrosis. The
proposed dose is 400mg (10x40 mg capsules) twice daily for a maximum daily dose of 800mg.
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.
Inhaled mannitol can cause severe bronchospasm in susceptible individuals. As such, the
proposed population is limited to those patients who can tolerate DPM based on a mannitol
tolerance test (MTT) in which patients are given sequentially increasing doses of mannitol in a
stepwise manner, up to 400mg, by a healthcare provider and monitored for decreases in
oxygen saturation and pulmonary function.

The current submission, dated May 1, 2020, is the Applicant’s complete response to a Complete
Response (CR) action taken on June 19, 2019. While, during the previous review cycle, the risk-
benefit assessment was determined to be favorable in the patients who passed the MTT, the CR
action was taken because results from human factors studies had not demonstrated that
healthcare providers (HCP) could reliably perform the MTT to identify CF patients who could
safely take this medication. In this submission, the Applicant has submitted a new completed
human factors (HF) validation study and revisions to the user interface to address the CR
deficiencies. No new clinical data were submitted.

2. Regulatory History
On May 18, 2012, the Applicant submitted the initial NDA for the use of inhaled DPM for the
management of CF in patients 6 years of age and older to improve pulmonary function. During
this initial review cycle, the NDA received a CR action as the data submitted from the two phase
3 studies, studies 301 and 302, did not provide a favorable benefit-risk for the proposed
population due to lack of substantial evidence of efficacy as well as safety concerns particularly
in pediatric patients. Results from study 302 were not statistically significant for the primary
endpoint of change from baseline in FEV1 over 26-weeks when comparing DPM to control
patients. While study 301 did appear to demonstrate a statistically significant increase for the
primary endpoint (change from baseline in FEV1) based on the Applicant’s prespecified analysis,
the results could have been biased by substantial missing data and differential withdrawal for
which the prespecified analysis did not account. Multiple additional sensitivity and responder
analyses were performed which failed to confirm substantial evidence of a treatment effect of
DPM for the primary endpoint. Moreover, the estimated FEV1 treatment effect was
modest/small and there was no support from other clinically relevant secondary endpoints.
With regard to safety, there was a small, but clear safety signal for hemoptysis, particularly in
the pediatric population.

This was discussed at a Pulmonary Allergy Drug Advisory Committee (PADAC) meeting, in which
the PADAC voted unanimously against approval. After considering the input from the PADAC
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meeting and review of the clinical data, the Division took a CR action on March 18, 2013. Post-
CR, the Division recommended that the Applicant conduct at least one additional study that
addressed the statistical, safety, and efficacy issues raised in the initial 2012 review cycle (see
reviews from Dr. Kimberly Witzmann, Dr. Anthony Durmowicz, and Dr. Badrul Chowdhury
dated February 11, 2013, February 25, 2013, and March 18, 2013, respectively, and statistical
review from Dr. Feng Zhou dated February 19, 2013). Based on these recommendations, the
Applicant conducted an additional phase 3 study, very similar in design to the prior two studies,
that addressed these concerns (steps taken to minimize missing data, study population limited
to adults).

To address the deficiencies in the 2013 CR action, on December 27, 2018, the Applicant
submitted data from an additional phase 3 study (study 303) as well as post-hoc analyses of the
adult data from the prior two phase 3 studies (301 and 302). Additionally, the indication was
limited to only CF patients >18 years of age. Studies 301, 302, and 303 were largely similar in
design in that they all included a double-blind, randomized, controlled 26-week treatment
period. Across all three trials, the primary endpoint was change from baseline in FEV, over the
26-week treatment period (assessed at week 6, 14, and 26), and secondary endpoints included
exacerbation-related and symptom-related endpoints. Relevant differences included that study
303 had specific provisions to minimize missing data (even if a patient discontinued treatment,
they continued to be followed) and only enrolled adult patients due to the hemoptysis safety
concern. Review of study 303 demonstrated a modest (51 ml), but statistically significant
improvement in the primary endpoint (change from baseline in FEV1 over 26 weeks). Results
from post-hoc analyses from the adult populations in studies 301 and 302 demonstrated point
estimates of 78 mL across both studies and 95% CI excluding null. While these results are
generally consistent with study 303, they must be interpreted with caution given their post-hoc
nature and missing data issues. Overall, based primarily on study 303 results, with some
support from the post-hoc adult analyses of studies 301 and 302, the Division concluded that
DPM treatment resulted in modest improvement in FEV; over the 26-week treatment period.
However, secondary endpoint results for endpoints such as exacerbation and symptoms were
not statistically significant and did not offer additional support for efficacy. Moreover, point
estimates for exacerbations favored the control arm, accentuated in post-hoc subgroup analysis
of U.S. only patients. This accentuation may be explained by a higher percentage of DPM
treated U.S. patients versus U.S. control treatment patients having a history of >1 exacerbation
in the previous 12 months (a known risk factor for exacerbation). Safety analyses of
exacerbation related adverse events were consistent with the exacerbation efficacy endpoint.
These data were discussed at a PADAC meeting on May 8, 2019, in which the majority of PADAC
panelists favored approval (9 vs. 7).

After considering the PADAC panel discussion and reviewing clinical trial data, the Division
ultimately concluded that there was adequate demonstration of safety and efficacy for DPM in
the proposed population (i.e., adult CF patients who passed the MTT) (see NDA 202049 Multi-
Disciplinary Review and Evaluation dated June 19, 2019). However, there were significant
concerns with the appropriate identification of the indicated population by use of the MTT. As
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reviewed by the Division of Medication Error Prevention and Analysis (DMEPA) during the
review cycle of the December 27, 2018 submission, there were use errors with critical tasks in
the human factors (HF) validation study which could result in unindicated patients receiving
DPM. In light of these concerns, the Division took a CR action on June 19, 2019, recommending
revisions to the user interface and a repeat HF validation study to assess the effectiveness of
the revisions to the user interface.

3. Current Submission
To address the deficiencies in the June 19, 2019 CR letter, the current submission, dated May 1,
2020, includes results from a new HF study (P3235-R-007 v 1.1) and product labeling which
includes a revised user interface for the MTT (i.e., MTT HCP Instructions for Use [HCP-IFU]).

As previously noted, the MTT is designed to determine which patients tolerate DPM and are
candidates for DPM therapy. During the MTT, patients are given sequentially increasing doses
of mannitol in a stepwise manner, up to 400mg, by a healthcare practitioner (HCP). Between
each step of the sequentially increasing mannitol dose administration, a patient’s oxygen
saturation and pulmonary function are assessed. If at any step a patient experiences a
decrease in oxygen saturation or pulmonary function (forced expiratory volume in 1 second;
FEV1) of greater than a prespecified amount from that day’s baseline (i.e., the “Stop” value —
80% baseline FEV1, 90% baseline oxygen saturation), the patient has failed the MTT and should
not receive DPM.

The new HF study was reviewed by the Division of Medication Error Prevention and Analysis
(DMEPA). Their review of the study is summarized here; for full details see DMEPA review dated
October 22, 2020. In brief, the HF study included 45 study participants consisting of 15
untrained healthcare HCPs, 15 untrained respiratory therapists, and 15 trained HCPs. Each
participant participated in a simulated use session, simulating performing the MTT with a
patient actor. Prior to the simulated use session each participant was given, on average, 15
minutes to acclimate themselves to the product user interface with the option to review the
MTT user interface (including revised MTT HCP-IFU), the fact sheet, an instructional video,
prescribing information, medication information phone line, and a patient chart similar to what
they may see in practice. During the simulated use session, each participant had access to the
following materials: simulated clinic office, MTT user interface, spirometer, pulse oximeter,
inhaled short-acting beta-agonist bronchodilator, spacers, nose clips, timer, calculator, paper,
pen hand sanitizer, stethoscope, blood pressure cuff, and medications and equipment to
manage acute bronchospasm were it to occur (e.g. bronchodilator, crash cart).

Results of the HF study showed that despite revisions to the MTT user interface, some MTT use
errors remained. These included improper calculation/recording of “Stop” values, improper
timing of FEV1/oxygen saturation measurement, and improper timing of administration of
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inhaled short acting beta-agonists and stopping MTT prior to completion. While these use
errors do result in some residual risk, these would not be expected to result in
direct/immediate patient harm as they would likely result in erroneously concluding that a
patient failed the MTT (e.qg., errors would result in stopping for more conservative decreases in
FEV1 and oxygen saturations), rather than erroneously concluding that the patient had passed.
While such errors may result in patients who are eligible to receive DPM to be excluded from
therapy, in clinical practice, such patients may be screened again if clinically indicated. These
types of use errors are not a significant clinical safety concern. However, it was observed that
some study participants failed to correctly identify that the patient was not a DPM candidate,
despite oxygen saturation and FEV1 values that were “stop” criteria. These study participants
were generally limited to the respiratory therapists and not an HCP who would write the actual
DPM prescription. Additionally, the oxygen saturation and FEV1 values were properly recorded;
thus, in clinical practice, the prescribing HCP would have the relevant information to determine
that the patient was not a DPM candidate. Thus, the residual risk of a patient inappropriately
passing the MTT and being prescribed DPM is low and acceptable. Additionally, some study
participants did not confirm that patients returned to baseline for oxygen saturation/FEV1 in
situations where these values decreased. This could potentially result in harm. However, in the
simulated HF study setting, these patients were not exhibiting symptoms of respiratory
discomfort or distress. This is in contrast to a true clinical setting where it is likely that a patient
would exhibit overt symptoms and be treated accordingly until medically stable. It was also
observed that some participants failed to administer the correct number of capsules during the
MTT or recorded oxygen saturation values prior to the instructed 1-minute post-mannitol dose.
Such errors could potentially result in recording incorrect less conservative “stop” values.
However, as these patients would be monitored in a clinical setting and given the Applicant
amended the user interface to address this, the residual risk associated with these errors is low
and acceptable.

The MTT is complicated and despite modifications to the user interface, use errors continued to
be noted in the repeat HF study. As described above and in the DMEPA review, some of these
errors could result in an erroneous conclusion that a patient passed the MTT and has the
potential to result in patient harm. Given the complexity of the MTT, further enhancement of
the user interface is not expected to completely eliminate the use errors. While these errors
result in residual risk and some uncertainty, the likelihood of serious harm is low. Patients are
to pre-medicate with albuterol before administration of Bronchitol. If bronchospasm does
occur, patients can treat with albuterol. Additionally, the vast majority of U.S. patients with CF
are closely followed at specialized medical centers by multidisciplinary clinical care teams
skilled in the care of patients with CF and management of CF patient safety. Taken together,
despite the observed errors, the residual risk of patient harm associated with errors in
administration of the MTT are acceptable given potential benefit in this patient population. The
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results of the HF study have adequately addressed the deficiency to revise the user interface
and repeat the HF study conveyed in the CR letter dated June 18, 2019.

With regard to product labeling, additional measures were taken to optimize patient safety.
Specifically, the Applicant proposed labeling in section 2 was edited to more clearly and
concisely convey the importance of performing the MTT prior to prescribing DPM and that it
was required to identify patients suitable for DPM maintenance therapy. Additionally, given the
known difficulties with administering the MTT, the Applicant’s proposed 0

@ in section 2 were deleted and reference was made to the MTT HCP-IFU
(user interface). This was done to decrease potential confusion that may arise from Rl

@@ Moreover, the MTT HCP-IFU had been formally assessed by HF

studies and DMEPA ®® The sponsor had also
initially proposed to include the MTT user interface as a @@ rather
than an HCP-IFU, which would not have been included in the SPL label. To increase oversight of
the user interface and to allow for its inclusion in the SPL label, the @ was re-titled as an
HCP-IFU. To ensure that the operational characteristics for the HCP-IFU remained the same, the
format of the HCP-IFU was identical to the. @ aside from the title.

Given the exacerbation related safety concerns raised during the previous review cycle, section
6 of the label was also edited to communicate these concerns to prescribers, in particular, the
numerical imbalance in exacerbations reported as serious adverse event observed in the U.S.
adult subpopulation. While the numerical differences in the U.S. adult subpopulation are
included in the labeling; it should be noted that this observation in U.S. patients may be
explained by a higher percentage of DPM treated U.S. patients versus U.S. control treatment
patients having a history of >1 exacerbation in the previous 12 months (a known risk factor for
exacerbation), this difference was not observed in the non-U.S. population, and CF standard of
care is largely similar between U.S. and non-U.S. populations at the time the trials were
conducted. As such, while this is a potential safety concern that warrants inclusion in labeling, it
does not rise to the level of a warning and precaution, nor does it warrant a PMR study.

In addition to edits to the Applicant’s proposed labeling, to further optimize patient safety and
avoid confusion, the Applicant was instructed to include the HCP-IFU only with the MTT kit
presentation. The Applicant agreed. Further, as the MTT must be administered only by an HCP,
the Applicant was instructed that the MTT kits should not be directly provided to patients. The
Applicant agreed and stated that MTT kits would be provided to the prescribing HCP, rather
than directly to the patient.

4. Conclusions and Recommendations
In summary, the deficiencies that resulted in the previous CR action have adequately been
addressed and the recommendation is Approval of DPM as add-on maintenance therapy to
improve pulmonary function in adult patients 18 years of age and older with cystic fibrosis who
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have passed the MTT at a dose of 400mg (10x40 mg capsules) twice daily (maximum daily dose
800mg).

The previously submitted and reviewed phase 3 studies (301, 302, and 303) taken as a whole
provide substantial evidence of efficacy and safety of DPM in the indicated population. The
results of the HF validation study included in the current submission have adequately
demonstrated that the HCPs can reliably perform the MTT to identify patients who are suitable
for DPM therapy. While there remains some residual risk of error in administration of the MTT,
that residual risk is acceptable as patients will be clinically monitored during MTT, the Applicant
has mitigated the risks to the extent possible, and in the context of the patient population. The
HF validation study has adequately addressed the deficiencies convey in the June 19, 2019 CR
letter. The recommendation is Approval.
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LABELING REVIEW

Edits to the nonclinical sections and subsections of the proposed Bronchitol (NDA
202,049) label are recommended. The edits are made to ensure that the Bronchitol
label complies with the current Agency labeling policies. Briefly, edits are
recommended in the following sections: 8.1, 8.3, 12.1, and 13.2. The recommended
edits include a) text edits in Sections 8.1, b) removal of Sections 8.3 and 13.2, and c)
rewrite of Section 12.1. Annotated and clean versions of the recommended labeling
are provided at the end of the document.

l.  INTRODUCTION AND BACKGROUND INFORMATION

This labeling review evaluates the nonclinical sections/subsections of the Bronchitol
(mannitol) labeling proposal submitted by Chiesi (the Applicant) on May 1, 2020 (NDA
#202,049, SDN 043).! The proposal was a part of resubmission of the application
(SDN 025 submitted on December 19, 2018), for which the Agency issued a Complete
Response (CR) Letter on June 19, 2019. The CR-Letter contained no outstanding
nonclinical issues.

This review evaluates specifically the following sections of the labeling proposal: 8.1,
8.3,12.1, 13.1, and 13.2. The review finds necessary to edit content and/or text of the
proposed language of these sections. The edits are made to ensure that the Bronchitol
label complies with the current Agency labeling policies. The review discusses
rationales and justifications for the recommended edits.

The review discusses the history of labeling review of inhaled mannitol products
because the Division of Pulmonology, Allergy, and Critical Care (DPACC, previously
known as DPARP) has evaluated previously the nonclinical data relevant to this review.
The Division approved a Physician Labeling Rule (PLR)-compliant label of Aridol
(inhaled mannitol) on October 5, 2015 (NDA 22-368). Further, the review evaluates
the necessity of revising mannitol dose ratios between animals and humans in the
Bronchitol label because Bronchitol and Aridol differ in the maximum recommended
total daily dose of mannitol in humans (i.e., 800 and 635 mg for Bronchitol and Aridol,
respectively). The evaluation concludes unnecessary to revise the dose ratios.

.1 Labeling Review History

This is the first labeling review of the Bronchitol application (NDA 202,049). A
nonclinical labeling review in the original submission was deemed unnecessary
because of the Complete Response action taken on the application.

Although no labeling review was completed in the current application, the Division
completed a comprehensive nonclinical labeling review of mannitol (the active

! Chiesi Pharmaceuticals is the current owner of NDA 202,409. Pharmaxis (previous owner) submitted
the original NDA on May 18, 2012. Chiesi took over the ownership on April 25, 2018.
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pharmaceutical ingredient, API) previously for the Aridol application (NDA 22-368).
See a nonclinical labeling review completed by Dr. Lugi Pei in the Aridol application
on November 13, 2009. Aridol was approved on October 5, 2010.

Both Bronchitol and Aridol contain mannitol as the API as alluded to earlier. Also, both
products use the same set of nonclinical data from the literature to support their
product approval. Chiesi (the Applicant) owns both products. Dr. Pei’s review dated
November 13, 2009 will be used to support this label under NDA 202,049.

.2 Dose Ratios

This review discusses mannitol dose ratios between animals and humans in the
Bronchitol label because Aridol and Bronchitol differ in mannitol doses as alluded to
earlier. The review finds that the proposed dose ratios between animals and humans
are acceptable because Bronchitol is to-be-approved for adults use only. Chiesi
proposed the same dose ratios between animals and humans for the nonclinical
sections of Aridol and Bronchitol labels, although the two products have different
clinical doses. Specifically, the maximum recommended mannitol dose in humans is
635 and 800 mg/day in Aridol and Bronchitol, respectively. Because the dose ratios
were derived from the same set of nonclinical data, an increase in clinical dose in the
Bronchitol case (approximately 20%) would result in smaller dose ratios in the same
animal dose (Table 1). However, Aridol and Bronchitol also differ in patient
populations: = 6 years and adults for Aridol and Bronchitol, respectively. Because the
Aridol dose ratios provide more conservative coverage for both Aridol and Bronchitol
populations, the proposed dose ratios for the Bronchitol label are acceptable and no
revisions are necessary. N

Table 1: Animal-to-Human Dose Ratios for Bronchitol Labeling
Animal-to-Human Ratio @

Section Description Species mgkg Km mg/m? Bronchitol Aridol
Calculated© Round to 9 label
8.1 Pregnancy Mouse 1600 3 4800 9.7 10 10
Rat 1600 6 9600 19.5 20 20
13.1 Carcinogenicity Mouse 7500 3 22500 456 kel 30
Rat 7500 6 45000 91.2 55

a. Dose ratio between animals and humans on a mg/m? basis.

b. Dose ratio for adults. These ratios were derived from a daily dose of 800 mg mannitol for a 60-kg subject
(493 mg/m2). Derived from the maximum recommended human inhalation dose of 493 mg/m?2/day (or 800
mg/day) in an adult subject.

c. Calculated values were rounded to nearest integer of 5 or 10s.

d. Dose ratios in the Aridol label and in the currently proposed label for Bronchitol. The ratios in Aridol label
were based on a pediatric dose of 739.8 mg/m? (or 635 mg/day for a 6-year old child with a 20-kg body
weight).
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.3 Labeling Evaluation in General

Contents of the nonclinical sections of the proposed label are generally acceptable
because they were adopted from the Aridol label, which was PLR-compliant.2 The
recent requirement for labels to be PLLR (Pregnancy and Lactation Labeling Rule) -
compliant renders it necessary to review the Aridol label again. It is expected that the
Aridol label will be converted to a PLLR-compliant format after Bronchitol is approved.
In this review, highlights indicate recommended edits to the proposed label. Underline
indicates addition while strikethrough indicates deletion.

. PREGNANCY (SECTION 8.1)

The review recommends edits to both Risk Summary and Animal data in this section.
In the Risk Summary section, the review recommends adding a statement
summarizing the nonclinical findings. In the animal data subsection, the review
recommends rewording the statement el

Risk Summary

There are no adequate and well-controlled studies of BRONCHITOL in pregnant
women. The available data on BRONCHITOL use in pregnant women are not sufficient
to inform any drug-associated risks for major birth defects and miscarriage. Based on
animal reproduction studies, no evidence of structural alterations was observed when
mannitol was administered to pregnant rats and mice during organogenesis at doses
up to approximately 20 and 10 times, respectively, the maximum recommended daily
inhalation dose (MRDID) in_humans [see Datal. There are risks to the mother
associated with cystic fibrosis in pregnancy [see Clinical Considerations].
BRONCHITOL should be used during pregnancy only if the potential benefit justifies
the potential risk to the mother and fetus.

The estimated background risk of major birth defects and miscarriage for the indicated
population is unknown. All pregnancies have a background risk of birth defect, loss, or
other adverse outcomes. In the United States general population, the estimated
background risk of major birth defects and miscarriage in clinically recognized
pregnancies is 2 to 4% and 15 to 20%, respectively.

Clinical Considerations
Disease-Associated Maternal and/or Embryo/Fetal Risk
Cystic fibrosis may increase the risk for preterm delivery.

Data

Animal Data

In animal reproduction studies, oral administration of mannitol to pregnant rats and
mice during the period of organogenesis did not cause fetal structural alterations. The

2 See http://www.accessdata.fda.gov/drugsatfda docs/label/2010/022368S000Ibl.pdf.
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mannitol dose in rats and mice was approximately 20 and 10 times the maximum
recommended human daily inhalation dose (MRDID) in humans, respectively, (on a
mg/m? basis at maternal doses of 1600 mg/kg/day in both species).

IV. MECHANISM OF ACTION (SECTION 12.1)

The review recommends edits to the proposed text for Section 12.1 MECHANISM OF
ACTION. Specifically, the review recommends

€ recommendation was based on the Ariaol lapbel and avallable qata. aple

presents both the approved Aridol label and the proposed label for Bronchitol. It

appears that a slight modification to the Aridol label would also be sufficient for
Bronchitol as discussed below.

Table 2: Labels for Aridol (approved) and Bronchitol (proposed)

Aridol 2 Bronchitol
The precise mechanism
inhaled mannitol cause
are not

nown.
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(b) (4)

Overall, the review finds that the applicant’s arguments are inadequate to support the
proposed text for the Mechanism of Action from the nonclinical perspective. The review
recommends revising the text in Section 12.1 as below:

12.1 Mechanism of Action:

The precise mechanism of action of BRONCHITOL in improving pulmonary
functions in cystic fibrosis patients is not known.

V. NONCLINICAL TOXICOLOGY (SECTION 13)

The proposed text for Subsection 13.1 is identical to that of the Aridol label and is

considered acceptable. However, Subsection 13.2 should be deleted. we
(b) (4)

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis

In 2-year carcinogenicity studies in rats and mice mannitol did not show evidence of
carcinogenicity at oral dietary concentrations up to 5% (or 7,500 mg/kg on a mg/kg
basis). These doses were approximately 55 and 30 times the MRHDID, respectively,
on a mg/m? basis.

Mutagenesis
Mannitol tested negative in the following assays: bacterial gene mutation assay, in vitro

mouse lymphoma assay, in vitro chromosomal aberration assay in WI-38 human cells,
in vivo chromosomal aberration assay in rat bone marrow, in vivo dominant lethal assay
in rats, and in vivo mouse micronucleus assay.

Impairment of Fertility
The effect of inhaled mannitol on fertility has not been investigated.

(b) (4)
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VI,

OVERALL LABELING RECOMMENDATIONS

Suggested labeling:

The following is a clean copy of the suggested text for the nonclinical sections of the
Bronchitol label.

Reference ID: 4689609

8.1 Pregnancy

Risk Summary

There are no adequate and well-controlled studies of BRONCHITOL in pregnant
women. The available data on BRONCHITOL use in pregnant women are not
sufficient to inform any drug-associated risks for major birth defects and
miscarriage. Based on animal reproduction studies, no evidence of structural
alterations was observed when mannitol was administered to pregnant rats and
mice during organogenesis at doses up to approximately 20 and 10 times,
respectively, the maximum recommended daily inhalation dose (MRDID) in
humans [see Data]. There are risks to the mother associated with cystic fibrosis
in pregnancy [see Clinical Considerations]. BRONCHITOL should be used during
pregnancy only if the potential benefit justifies the potential risk to the mother and
fetus.

The estimated background risk of major birth defects and miscarriage for the
indicated population is unknown. All pregnancies have a background risk of birth
defect, loss, or other adverse outcomes. In the United States general population,
the estimated background risk of major birth defects and miscarriage in clinically
recognized pregnancies is 2 to 4% and 15 to 20%, respectively.

Clinical Considerations
Disease-Associated Maternal and/or Embryo/Fetal Risk
Cystic fibrosis may increase the risk for preterm delivery.

Data

Animal Data

In animal reproduction studies, oral administration of mannitol to pregnant rats and
mice during the period of organogenesis did not cause fetal structural alterations.
The mannitol dose in rats and mice was approximately 20 and 10 times the
maximum recommended human daily inhalation dose (MRDID) in humans,
respectively, (on a mg/m? basis at maternal doses of 1600 mg/kg/day in both
species).

12.1 Mechanism of Action:

The precise mechanism of action of BRONCHITOL in improving pulmonary
functions in cystic fibrosis patients is not known.



Reviewer: Lugi Pei, Ph.D. Pharmacology and Toxicology Review NDA 202,049

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis

In 2-year carcinogenicity studies in rats and mice mannitol did not show evidence
of carcinogenicity at oral dietary concentrations up to 5% (or 7,500 mg/kg on a
mg/kg basis). These doses were approximately 55 and 30 times the MRHDID,
respectively, on a mg/m? basis.

Mutagenesis
Mannitol tested negative in the following assays: bacterial gene mutation assay,

in vitro mouse lymphoma assay, in vitro chromosomal aberration assay in WI-38
human cells, in vivo chromosomal aberration assay in rat bone marrow, in vivo
dominant lethal assay in rats, and in vivo mouse micronucleus assay.

Impairment of Fertility
The effect of inhaled mannitol on fertility has not been investigated.

Reference ID: 4689609



Signature Page 1 of 1

This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.

LUQI PEI
10/21/2020 03:31:10 PM

CAROL M GALVIS

10/21/2020 03:33:56 PM
| concur.

Reference ID: 4689609



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

NDA/BLA Multi-Disciplinary Review and Evaluation

Application Type

NDA

Application Number(s)

202049

Priority or Standard

Priority

Submit Date(s)

December 19, 2018

Received Date(s)

December 19, 2018

PDUFA Goal Date

June 19, 2019

Division/Office

Division of Pulmonary Allergy Rheumatology Products, Office of
New Drugs

Review Completion Date

June 19, 2019

Established/Proper Name

Inhaled Mannitol

(Proposed) Trade Name

Bronchitol

Pharmacologic Class

Code name

Applicant

Chiesi

Doseage form

Dry powder for inhalation

Applicant proposed Dosing
Regimen

400mg inhaled twice daily

Applicant Proposed
Indication(s)/Population(s)

The management of cystic fibrosis (CF) in patients 18 years of
age and older to improve pulmonary function in conjunction
with standard therapies.

Recommendation on
Regulatory Action

Complete Response

Recommended
Indication(s)/Population(s)
(if applicable)

Not applicable

Recommended Dosing
Regimen

Not applicable

Version date: October 12, 2018

Reference ID: 4448801




NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

Table of Contents

1] o] (e 1 1= o] L= URPURRNt 4
AL OFf FIGUIES ...ttt et e e s st e e e s ba e e e e sabteeesssabaeeeennsaeeeean 6
Reviewers of Multi-Disciplinary Review and Evaluation ........ccccccveiiiniiiiiiniiieeinieec e 7
(€] (o T - Y PP PPPTPPPN 11
1 EXECUTIVE SUMMIAIY ittt ettt ettt ettt eaeebe e ee e ettt e et eeeeeeeeee et eeeeeeeeeeeeeeeeeeeeeeaeaeeeses 13
000 I o] o Yo 1W o [ o e Yo [T o o ISR 13
1.2. Conclusions on the Substantial Evidence of Effectiveness ........ccccceeeeveciiiieieeeieeccnnnee, 14
1.3, Benefit-Risk ASSESSIMENT ......ccccciiiee e e e e e e eare e e e e are e e e e aaeeeeas 19
1.4. Patient EXperience Data. ... oo e 24
2 THErapPEULIC CONTEXE ..uuiiiiiiiiieeeiiiee ettt et e st e e s s e e e e sbbe e e s ssabaeeessabaaeessnnneessnnnnns 25
2.1, ANalysis OFf CONAITION ...cciciiiiiiiiei e e e e e e eerb e e e e e e e eenbraeeeas 25
2.2.  Analysis of Current Treatment OPtioNS ....ccuveeeiiiiiiee i e e saaee s 25
3 ReguUIAtOry BaCKGrOUND ........coiiiiiiiiiiiiiee ettt e e st e s stae e e e s e e e s saaaeeesnnnnes 28
3.1. U.S. Regulatory Actions and Marketing HiStOry.....cccccvveeeeeiiiiiiieeeeeeee e 28
3.2. Summary of Presubmission/Submission Regulatory Activity .........ccccceeevvvreeieeeeireeennen. 28

4  Significant Issues from Other Review Disciplines Pertinent to Clinical Conclusions on
EffiCacy and Safety..ciiiiiiiii e aee s 31
4.1. Office of Scientific Investigations (OSI) .......ceeeriiieieiiiee e 31
L B o To [V Lo A @ (U | 11 A AP RPUPRRRRPPRNt 31
4.3, CliNical MIiCrOBIOIOZY ....uuvrverieiieiiecciteeee et e e e e r e e e e eeeeabrreeeeeeeeas 33
4.4. Devices and Companion DiagNOStiC ISSUES ......uuiiiiriiiieeiiiriiieeisieeeessiveeeesieeeessienee e 33
4.5, HUMAN FACEOIS .uuttiiiiiiiiiiiiiiiiitii ettt bbbttt absb et s bes et asebebesennennes 34
5 Nonclinical Pharmacology/TOXIiCOIOBY.......uiiuiuuiiiiiiiiieei et eccreee e eeaee e e eerree e 35
5.1, EXECULIVE SUMMIAIY ..oeiiiiiiiiiiiiiiitetetet ettt ettt sesesesesesnsnneees 35
5.2.  Referenced NDAS, BLAS, DIVIFS........uuuuuuuuiiiiieieeeeeeeeeeessnnnsnsssssssssssssessssssssarssseseeeersee—... 35
6 CliNiCal PRarmacolOZy.....cccouvieiiieeiiiiiiiiieeeee ettt eeecrr e e e e e eabbr e e e e e s e e sbbareeeeeeeeeneeas 36
6.1, EXECULIVE SUMIMAIY .uuuiiiiiiiiiiiiiiiee ettt e e e e e tee e e e e e e e et e eab e s e e eeeeeeaaasaaaseeeaaeesesessnnn 36
7  Sources of Clinical Data and ReVIEW Strategy .......ccueeeiriiiiiieiiiiieeeciieee et esiree e ssieee e 37
7.1, Table of CliNIiCal StUAIES. ....cccceiiie et e e e e e e e e e nra e e e e e 37
7.2, REVIEW STratOBY . ittt et e e e e e e e e et e e e e e e e e e e atb e e aaaaaes 39
8  Statistical and Clinical and EVAlU@tioN .........cooooiiiiiiiiiiec e 39
8.1. Review of Relevant Individual Trials Used to Support Efficacy.....ccccoevvereeiieviecinnennnnnnn. 39
8.1.1. StUAY DPIM-CF-303 .....ooi ittt e e et ree e e e et e e e e eabeeeeenreeeeenraeeeeensaeaeanns 39

2

Version date: October 12, 2018

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

B.1.2. STUAY RESUILS ...ueiiiiiiiie ittt et e e st e e e st e e e s s a e e e saraeessnasaeeesnnns 51

8.1.3. Integrated Assessment of Effectiveness........occcvvvveveeiiiiiieiiciiieeeee e 75

8.2, ReVIEW OFf Safety ...ttt eaes 76
8.2.1. Safety ReVIEW APPIrOaCh .....veviii ittt e e e abaee e e e e e eeanes 76

8.2.2. Review of the Safety Database .......cccueviiriiiiiiiiiiiies e 76

8.2.3. Adequacy of Applicant’s Clinical Safety Assessments .......cccccvvvveeeeeeieiiiiiveeeeeeeeennnns 77

8.2.4, SAfELY RESUIES ..ueiiiiiiiie et s e e s s e e s saba e e e ssataeeeennns 78

8.2.5. Analysis of Submission-Specific Safety ISSUES.......uevvviiiiiiiiiiiiiieeec e 83

8.2.6. Clinical Outcome Assessment (COA) Analyses Informing Safety/Tolerability......... 90

8.2.7. Safety Analyses by Demographic SUDZIOUPS........ueveviieiiiiiiiiiiereee et e e 90

8.2.8. Specific Safety Studies/Clinical Trials.........cccceivieiiiiiieeieceece e, 91

8.2.9. Additional Safety EXPlorations.......cccveeeieiiiiiiiiiiiieireeeec et 91
8.2.10.  Safety in the Postmarket Setting.......cccoovuveiiiiiiiiiiii e 91
8.2.11. Integrated Assessment of Safety......ccccuviiiiiniiiiiii 91

8.3, StAtiStICAl ISSUBS ..eeiiiieiiiie ettt st et e e st a e e s e e e nareeena 92
8.4. Conclusions and Recommendations .........eceiviiiieiiiiieeee e ee e siene e 93

9 Advisory Committee Meeting and Other External Consultations.........cccoecveeeivivieeiniieennnns 94
KO o To [ o o ol U P PP PPPPPPRROPP 96
11 Labeling ReCOMMENAAIONS ..ooouvviiiiiiiiie et s e e s e e s s sbae e e s saae e e e sabaeeeas 97
11.1. Prescription Drug Labeling .....cooooivrveiiiei et 97
12 Risk Evaluation and Mitigation Strategies (REMS) .......cooovciirrerieeiieiiiireeeeeeceeeenrrereee e ee e 98
13 Postmarketing Requirements and COmMMItMENt ......ccuevvviiiiiieiiiriiieeee e 99
14 Division Director DPARP (designated signatory authority) Comments.........cccecevvvveeeeeeennnns 100
H T Y oY o =T o L Tol T PPPUPRRPPIOt 102
0 R 0= =T =T ol LU PUPRTOPPPRRR 102
15.2. FINANCial DIiSCIOSUIE ....uiiiiiiiiie ettt s s st s 102
15.3. Human Factors validation studies deficiencies.........ccccoeuviieiiiiiiieiiniiee e, 103

3

Version date: October 12, 2018

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

Table of Tables

Table 1: Treatments for Cystic FIDrosis (CF) ....ccoievvrreiieeiiieieieiiireeeee e e eeeeinreee e e e e eeenannes 27
Table 2: PRase 3 STUIES ...uviiiiiiiee ettt et e e st e e e st e e e e ata e e e eeasaeeeesnsaeaeaeennnnnas 37
Table 3: StUudy 303, DiSPOSITION....iciiiiiiiiitiiriiee et eeeeerrrre e e e e e esabrrreeeeeesesatbrrereseeeeaeenns 52
Table 4: Studies 301, 302, Disposition, Adults only, ITT, DBP ........ceeeeeeiiiiiireeeeeeeeieciiireeeeeeeeeeanns 53
Table 5: Study 303 Major ProtoCol Deviations .....cccuveeeieeiiiiiiiiiieeeee et eeeeinrreeee e e e e eeaanns 54
Table 6: Study 303, DEMOGIAPNICS .cooeeuiirerieeieeeeeictreirre et eeeerrrer e e e e e eesabrereeeeeeeessabbareeeseeeesannes 55
Table 7: Study 303, Baseline Disease CharaCteriStiCS ........cceuvvrvirrrrerieeeiiiiiirreeeeeeeeeeenreeeeeeeeeeennns 56
Table 8: Study 303, FEV1 Over 26 Weeks, BOCF Imputation Using Dropout Reason, ITT ........... 57
Table 9: Study 303, Primary Endpoint. FEV1 Over 26 Weeks, Pattern Mixture Model with M|
USING DropoUt REASON, ITT eiiiiiiieie e eeieeiiieeie e e e e e et e e e e e e e e e ettt e e e e eeeeeeeeasaaa e aeeeeaeesessnnnnnneeesnsnnan 58
Table 10: Study 303, FEV1 Over 26 Weeks, Tipping Point Analysis, ITT....ccccvcceeeeerieiiiiereeeeeeeeennns 59

Table 11: Studies 301 and 302, FEV1 Over 26 Weeks, Patients >6 Years, No Imputation, MITT. 60
Table 12: Studies 301 and 302, FEV1 Over 26 Weeks, Pattern Mixture Model with M, ITT,

e LT o LI R I =T | PP PO PP PPPOPPPPRE 61
Table 13: Study 303, Exacerbation Related Secondary Endpoints, ITT, Treated..........cccceeernneenn. 62
Table 14: Study 303, PDPE Rate, PMIM, ITT ..ottt ettt et ee e e esaee e 63
Table 15: Studies 301 and 302, Adjusted PDPE Rate per Person per Year, No Imputation, ITT,
Treated, PAtiENts 18 YEAIS ..uuuuueeii ittt e e e e e e e ettt e e e et e et e e s eseeeseasssaansseeeeeneees 64
Table 16: Studies 301, 302, and 303, FEV1 at Weeks 6, 14, and 24. Pattern Mixture Model with
MU, ITT, PAtients 218 YEAIS ..ovunieiiiie ettt et e e et e e e et e e e e e e e e e e e e e e eeananns 66
Table 17: Study 303, FEV1 Over 26 Weeks by Region, BOCF Imputation Using Dropout Reason,
L SRR 67
Table 18: Study 302, FEV1 Over 26 Weeks by Region, Pattern Mixture Model with M, ITT,

e LT o LI R R =T | TP PP OO POPOPOPPPPPPPPPPPRt 68
Table 19: Study 303, Exacerbation Related Secondary Endpoints, by Region and Overall, ITT,
=T 1 =L ISP TUPP 69

Table 20: Study 303, Change in CFQ-R Respiratory Domain Scores, by Region and Overall, ITT. 70
Table 21. Subgroup Analysis for Age, Gender, Region, rhDNase Use, and Percent Predicted FEV1,

for Change from Baseline in FEV1 (ML) OVEr 26 WEEKS .......uvvereeeeeiieiiiiireeeeeeeeeeeeirrirrreeeeeeeeeenannns 71
Table 22: Studies 301, 302, and 303, Responder Analyses, ITT, Patients 218 Years........ccce........ 74
Table 23: Studies 301, 302, and 303 Pooled, Overall Exposure, Double Blind Phase Only, Patients
DT T | RS URRRRNt 77
Table 24: Studies 301, 302, and 303 Pooled, Serious Adverse Events in 21% of Patients, Patients
D T T | PSRRIt 79
Table 25: Studies 301, 302, and 303 Pooled, AEs Leading to Permanent Treatment

Discontinuation, >2 Patients in Any Arm, Patients 218 YearsS ....cccccceevvvveviiiiiiei e 80

Table 26: Studies 301, 302, and 303 Pooled, Severe TEAEs, 21% Any Arm, Patients 218 Years.. 81
Table 27: Studies 301, 302, and 303 Pooled, TEAEs, >5% Any Arm OR >2% Difference Between

ATMS, PatiENts 218 YRAIS .uuiiiiiiii ittt e et e e e s e b e e seab e eerabaeeesestaeesearanes 82
Table 28: Studies 301 and 302, HEMOPLYSIS DY AZE ..uveeiiiiiiiiiiiiieeeeeee et e e 84

4
Version date: October 12, 2018

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

Table 29: Study 303, Hemoptysis AES, Patients 218 Years.......cccccevvvieeeiniiieee s ssiieee e 85
Table 30: Study 303, Hemoptysis Details, Patients 218 YEars.......ccccoccveeirriiieeeiniieeeseieee e 85
Table 31: Studies 301, 302, and 303 Pooled, Hemoptysis AEs, Patients 218 Years..........cc......... 86
Table 32: Studies 301, 302, and 303 Pooled, CF Exacerbations, Patients 218 Years.................... 87
Table 33: Studies 301, 302, and 303 Pooled, Exacerbations, U.S. and Non-U.S. Subpopulations,
e LA =T I I == T T PP PP UPPPPTRE 87
Table 34: Studies 302 and 303 Pooled, Baseline characteristics of U.S. Subpopulation, Patients
DI =T | PP PPPPPPRt 88
Table 35: Studies 302 and 303 Pooled, Baseline characteristics of U.S. Subpopulation, Patients
218 Years Who Experienced a Serious CF EXacerbation.......cccccceeveciiiieieeiie e, 89
Table 36: Studies 301, 302, and 303 Pooled, Cough, Double Blind Phase Only, Patients 218 Years
....................................................................................................................................................... 90
5

Version date: October 12, 2018

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

Table of Figures

Figure 1: Study 303, Schedule Of @SSESSMENTS ......ccvvviiiiiiiiiiiiiiireeeeee e e e e e eeanes 41
Figure 2: Visual Representation of Weighting in Change from Baseline Over 26 Weeks in FEV1 47
Figure 3: Study 301 Continuous Responder Analysis, Patients 218 Years, ITT.......ccccevvvveerreeeennns 72
Figure 4: Study 302 Continuous Responder Analysis, Patients 218 Years, ITT.......ccccevvveevreeeennnns 72
Figure 5: Study 303 Continuous Responder Analysis, ITT.....ccooccvirerieeieiiiiiiieeeeeeeeeecirreeeeeeee e 73

Version date: October 12, 2018

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

Reviewers of Multi-Disciplinary Review and Evaluation

Regulatory Project Manager

Ngoc-Linh Do, PharmD

Nonclinical Reviewer

Luqgi Pei, PhD

Nonclinical Team Leader

Carol Galvis, PhD

Office of Clinical Pharmacology Reviewer(s) Abir Absar, PhD

Office of Clinical Pharmacology Team Leader(s) Bhawana Saluja, PhD

Clinical Reviewer

Khalid Puthawala, MD

Clinical Team Leader

Robert Lim, MD

Statistical Reviewer

Cesar Torres, PhD

Statistical Team Leader

Yongman Kim, PhD

Cross-Disciplinary Team Leader

Robert Lim, MD

authority)

Division Director, DPARP (designated signatory Sally Seymour, MD

Additional Reviewers of Application

orPQ Craig Bertha, PhD; Remesh Dandu, PhD; Yong Hu, PhD;
Burnett Friedrich, PhD

Microbiology Xia Xu, PhD

OPDP Tyler Burnett, PharmD

osl

OSE/DEPI

OSE/DMEPA Quynh Nhu Nguyen, MS; Mishale Misty, PharmD; Lissa
Pringle-Owen, PharmD; Janine Purcell, MS; Sara Vee;
Ebony Whaley, PharmD; Lolita White, PharmD, Nichelle
Rashid, PharmD, Michel Sinks, PharmD

OSE/DRISK

Other

OPQ=0ffice of Pharmaceutical Quality
OPDP=0ffice of Prescription Drug Promotion
OSI=0Office of Scientific Investigations

OSE= Office of Surveillance and Epidemiology
DEPI= Division of Epidemiology

DMEPA=Division of Medication Error Prevention and Analysis

DRISK=Division of Risk Management

Version date: October 12, 2018

Reference ID: 4448801




NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

Signatures
SECTIONS AUTHORED/
DISCIPLINE REVIEWER OFFICE/DIVISION AUTHORED/
APPROVED APPROVED
Office of New Drugs/ Division Select one:
Lugi Pei, PhD of Pulmonary Allergy Sections: 8 _X_ Authored
Non.clinical Rheumatology Products _X_ Approved
Reviewer
° ° Digitally signed by Lugi Pei -S
Signature: Lu q| Pe| —S et PS5, 092547 192003001001 11300003705
Date: 2019.06.12 15:35:55 0400
Carol Galvis Office of New Drugs/ Division Select one:
PhD ’ of Pulmonary Allergy Sections: 8 — Authored
Nonclir.\ical Rheumatology Products _X_ Approved
Supervisor
. . ORS00 Govermment UK, DR,
signature: Carol Galvis -S siwiaenze: 70
Mohammad Office of Clinical Select one:
P P X _ Authored
Clinical Absar, PhD Pharmacolgy/Dwnsmn of Section: 6 S
Pharmacology Clinical Pharmacology |l ___ Approved
ReViewer Digitally signed by Mohammad Absar-S
signature:  Mohammad ADSar -S S vers i

Date: 2019.06.12 15:38:58 -04'00'

Version date: October 12, 2018

Reference ID: 4448801




NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

Team Leader

SECTIONS
DISCIPLINE REVIEWER OFFICE/DIVISION AUTHORED/ :g;:g\';:g/
APPROVED
Bhawana Office of Clinical sl
i o Authored
Clinical Saluja, PhD Pharmacology/D|V|5|on of Section: 6 —_
Pharmacology Clinical Pharmacology Il X_ Approved

signature:  Bhawana Saluja -S

Digitally signed by Bhawana Saluja-S

DN: c=US, o=U.S. Government, ou=HHS, ou=FDA,
ou=People, cn=Bhawana Saluja-S,
0.9.2342.19200300.100.1.1=2000559312

Date: 2019.06.12 15:41:26 -04'00"

Version date: October 12, 2018

Reference ID: 4448801




NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

SECTIONS
DISCIPLINE REVIEWER OFFICE/DIVISION AUTHORED/ 2::::(())\';:3/
APPROVED
Khalid Office of New Drugs/ Division el
Puthawala of Pulmonary Allergy Sections: 8,9 —X_ Authored
Clinical Reviewer Rheumatology Products __X_ Approved
. . Digitally signed by khalid Puthawala -5
Signature: Khalid Puthawala -S %s;}?:ésjﬁ?ﬂ%ﬁ%fﬁﬁmﬁu
Robert Lim Office of New Drugs/ Division Select one:
MD ! of Pulmonary Allergy Sections: All _X_ Authored
Clinical Team Leader Rheumatology Products _X_ Approved
gﬁm—lzg igr—,fjdsbéonobm - I;im -ZHHS FDA,
signature:  Robert H. Lim -S gz 7

Date: 2019.06.13 09:52:54 -04'00"

Division Director
DPARP (designated
signatory authority)

Select one:

sallv Sevmour Office of New Drugs/ Division
MDy Y " | of Pulmonary Allergy Sections: All _X_ Authored
Rheumatology Products _X_ Approved
Digitally signed by Sally M. Seymour -S
Signature: Sa”y M. Seymour -S U Paopie, 097342 1920030310011 300222097,

cn=Sally M. Seymour -S
Date: 2019.06.14 07:48:13 -04'00"

Statistical Reviewer

Cesar Torres,

Select one:

::rDb(;lgned Ofﬁt.:e of Bi‘ostatistics/Division Sections: 8 _X_ Authored
. of Biometrics ||
Yongman Kim, _X_ Approved
PhD)
Digitally signed by Yongman Kim -S
. . DN: c=US, o=US. Govemme_m, ou=HHS, ou=FDA,
signature: - Yongman Kim -5 goreiecmmnn s

Date: 2019.06.13 05:31:27 -04'00"

Statistical Team
Leader

Select one:

Yongman Kim, Ofﬁt.:e of BI'OStatIStICS/DIVISIon Sections: All ___ Authored
PhD of Biometrics I
_X_ Approved
Digitally signed by Yongman Kim -S
. DN: c=US, o=US. Government, ou=HHS, ou=FDA,
Signature: Yon g m a n KI m —S ou=People, cn=Yongman Kim -S,

0.9.2342.19200300.100.1.1=1300218531
Date: 2019.06.13 05:34:07 -04'00"

10

Version date: October 12, 2018

Reference ID: 4448801




NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

Glossary

AC advisory committee

ADME absorption, distribution, metabolism, excretion
AE adverse event

AR adverse reaction

BLA biologics license application

BPCA Best Pharmaceuticals for Children Act

BRF Benefit Risk Framework

CBER Center for Biologics Evaluation and Research
CDER Center for Drug Evaluation and Research

CDRH Center for Devices and Radiological Health
CDTL Cross-Discipline Team Leader

CFR Code of Federal Regulations

CcMC chemistry, manufacturing, and controls
COSTART Coding Symbols for Thesaurus of Adverse Reaction Terms
CRF case report form

CRO contract research organization

CRT clinical review template

CSR clinical study report

CSS Controlled Substance Staff

DHOT Division of Hematology Oncology Toxicology
DMC data monitoring committee

ECG electrocardiogram

eCTD electronic common technical document

ETASU elements to assure safe use

FDA Food and Drug Administration

FDAAA Food and Drug Administration Amendments Act of 2007
FDASIA Food and Drug Administration Safety and Innovation Act
GCP good clinical practice

GRMP good review management practice

ICH International Conference on Harmonisation
IND Investigational New Drug

ISE integrated summary of effectiveness

ISS integrated summary of safety

ITT intent to treat

MedDRA Medical Dictionary for Regulatory Activities
mITT modified intent to treat

NCI-CTCAE National Cancer Institute-Common Terminology Criteria for Adverse Event
NDA new drug application

NME new molecular entity

0cCs Office of Computational Science

11
Version date: October 12, 2018

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

oPQ
OSE
osl
PBRER
PD

P

PK
PMC
PMR
PP
PPI
PREA
PRO
PSUR
REMS
SAE
SAP
SGE
SOC
TEAE

Office of Pharmaceutical Quality

Office of Surveillance and Epidemiology
Office of Scientific Investigation
Periodic Benefit-Risk Evaluation Report
pharmacodynamics

prescribing information
pharmacokinetics

postmarketing commitment
postmarketing requirement

per protocol

patient package insert (also known as Patient Information)
Pediatric Research Equity Act

patient reported outcome

Periodic Safety Update report

risk evaluation and mitigation strategy
serious adverse event

statistical analysis plan

special government employee
standard of care

treatment emergent adverse event

12

Version date: October 12, 2018

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

1 Executive Summary

1.1. Product Introduction

The proposed product reviewed in this document is inhaled dry powder mannitol (DPM).
Mannitol is a well-known, naturally occurring sugar alcohol found in many vegetables. 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.
Inhaled mannitol can cause severe bronchospasm in susceptible individuals and caution is
advised in patients with conditions that may increase sensitivity to bronchoconstriction.

The current submission, submitted on December 19, 2018, is the Applicant’s complete
response to a Complete Response (CR) action taken following the initial submission (May 18,
2012) of the new drug application (NDA). In this complete response to CR, the Applicant has
submitted new clinical data to support DPM for the proposed indication of the management of
cystic fibrosis (CF) in patients 18 years of age and older to improve pulmonary function in
conjunction with standard therapies at a dose of 400 mg (10x40 mg capsules) twice daily. As
DPM can cause severe bronchospasm in susceptible individuals, the proposed population is
further limited to those patients who can tolerate DPM based on a mannitol tolerance test
(MTT) in which patients are given increasing doses of mannitol, up to 400mg, by a healthcare
provider and monitored for decreases in oxygen saturation and pulmonary function.

On May 18, 2012, the Applicant submitted the initial NDA for the use of inhaled DPM for the
management of CF in patients 6 years of age and older to improve pulmonary function. The
proposed dose was 400 mg twice daily. During the initial NDA review cycle for DPM, the NDA
received a Complete Response (CR) action as the data submitted from the two phase 3 studies,
studies 301 and 302, did not provide a favorable benefit-risk for the proposed population due
to lack of substantial evidence of efficacy as well as safety concerns particularly in pediatric
patients. Results from study 302 were not statistically significant for the primary endpoint of
change from baseline in FEV1 over 26-weeks when comparing DPM to control patients. While
study 301 did appear to demonstrate a statistically significant increase for the primary endpoint
(change from baseline in FEV1) based on the Applicant’s prespecified analysis, the results could
have been biased by substantial missing data and differential withdrawal for which the
prespecified analysis did not account. Multiple additional sensitivity and responder analyses
were performed which failed to confirm substantial evidence of a treatment effect of DPM for
the primary endpoint. Moreover, the estimated FEV: treatment effect was modest/small and
there was no support from other clinically relevant secondary endpoints. With regard to safety,
there was a small, but clear safety signal for hemoptysis, particularly in the pediatric
population. This was discussed at a Pulmonary Allergy Drug Advisory Committee (PADAC)
meeting, in which the PADAC voted unanimously against approval. After considering the input
from the PADAC meeting and review of the clinical data, the Division took a CR action. Ata
post-CR interaction with the Applicant, the Division recommend that the Applicant conduct at
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least one additional study that addresses the statistical, safety, and efficacy issues raised in
initial NDA review cycle. Since the CR action and based on recommendations made by the
Division following the CR action, the Applicant conducted an additional phase 3 study, study
303, to address the concerns raised in the initial review cycle. Due to the pediatric safety
concern, this new study included only adult CF patients (218 years of age) and took specific
steps to minimize missing data, but was otherwise very similar in design to studies 301 and 302.
Study 303 data, as well as post-hoc analyses of the adult data from studies 301 and 302, were
submitted in the Applicant’s complete response to the CR action to support the benefit-risk of
this product in the proposed population. The Applicant also proposed to limit the indication to
include only CF patients 218 years of age. The focus of this review is to evaluate the benefit-risk
of this product in light of the new data.

1.2. Conclusions on the Substantial Evidence of Effectiveness

Based on the clinical safety and efficacy data submitted from the phase 3 studies, the
recommended regulatory action from the Cross Discipline Team Leader (CDTL) and Division
Director is Approval for the management of cystic fibrosis (CF) in patients 18 years of age and
older to improve pulmonary function in conjunction with standard of care therapies. However,
due to an issue regarding human factors testing, in which healthcare providers were unable to
consistently properly administer the MTT (see section 4.5) and determine which patients were
eligible to receive DPM, the Division will take a CR action.

To support the current submission, the Applicant (Chiesi) submitted data from one recently
completed phase 3 placebo controlled, 26-week treatment period efficacy/safety study in adult
patients (study 303), as well as post-hoc analyses of adults only from two phase 3 studies
(studies 301 and 302) which were submitted in the previous review cycle. Studies 301, 302, and
303 were largely similar in design in that they all included a double-blind, randomized,
controlled 26-week treatment period. Across all three trials, the primary endpoint was change
from baseline in FEV; over the 26-week treatment period (assessed at week 6, 14, and 26), and
secondary endpoints included exacerbation-related and symptom related endpoints. Relevant
differences included that study 303 had specific provisions to minimize missing data (even if a
patient discontinued treatment, they continued to be followed) and only enrolled adult
patients due to the hemoptypsis safety concern.

Given the issues identified with studies 301 and 302 during the previous review cycle (see
section 3 for an in-depth discussion), as well as the fact that the adult only analyses were post-
hoc, study 303 is considered the primary support for efficacy and is the focus of this review.
However, given that the current proposed indication is the adult population, data from the
post-hoc analyses of adults from studies 301 and 302 is taken into consideration.

With regard to the primary endpoint of change from baseline in FEV1 over 26-weeks, results
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from study 303, demonstrated a modest, but statistically significant treatment effect of 55 mL
(95% CI: 9 to 101mL; p-value=0.018) based on the Applicant’s prespecified analysis and
imputation procedure; sensitivity analyses using a Pattern Mixture Model approach
demonstrated similar results (Table 8 and Table 9). It is also worth noting that in study 303,
there were no significant issues with regard to missing data or differential drop-out. Additional
sensitivity analyses including a two dimensional tipping point analysis support the statistical
robustness of the primary endpoint results. Data from study 303 support a modest treatment
effect for DPM in the studied population. Results from post-hoc analyses from the adult
populations in studies 301 and 302 demonstrated point estimates of 78 mL across both studies
and 95% Cl excluding null (Table 12). While these results are generally consistent with study
303, they must be interpreted with caution given their post-hoc nature and missing data issues.
Overall, based primarily on study 303 results, with some support from the post-hoc adult
analyses of studies 301 and 302, DPM treatment appears to result in modest improvement in
FEV1 over the 26-week treatment period.

Responder analyses were also performed using various FEV; cut-offs. In study 303 responder
analyses, at the cut-offs of 100 mL, 200 mL, and 300 mL, a larger proportion of DPM patients
were responders compared to control patients with odds ratios of greater than 1 and 95% ClI
excluding null (Table 22). Similar numerical trends were also noted for responder analyses from
studies 301 and 302, however, for the most part 95% Cl did not exclude null. The data from
study 303 suggest that while the treatment may be modest in the overall population, some
patients appear to derive larger magnitude FEV1 benefit.

As DPM would be chronically administered, durability of effect is an important consideration.
As such, change from baseline in FEV1 at weeks 6, 14, and 26 was assessed. In study 303, the
magnitude of treatment effect appeared to decline over time, with change from baseline in
FEV1 for DPM versus control at these timepoints of 60 mL, 56 mL, and 39 mL, respectively
(Table 16). These data suggest that the FEV1 effect may decline over time, alternatively, this
may represent normal fluctuations in pulmonary function. While there was no similar decline
observed in the post-hoc adult analyses of studies 301 and 302 (Table 16), given the issues with
missing data and patient drop-out, that does not alleviate concerns with potential decline in
treatment effect over time.

Study 303 also included a range of clinically relevant secondary endpoints related to protocol
defined pulmonary exacerbations (PDPE) and respiratory symptoms as measured by the Cystic
Fibrosis Questionnaire — Revised respiratory domain score (CFQ-RRD). In terms of PDPE, for
time to first PDPE and PDPE rate, the point estimates for the hazard ratio (HR) and adjusted
rate ratios (ARR) using the Applicant’s prespecified analyses were 1.14 and 1.55 with 95% ClI
including the null value. In sensitivity analysis of PDPE using the PMM, results were similar with
an ARR of 1.35 and 95% Cl excluding null. PDPE results from study 303 do not support efficacy
with a numerical trend favoring control. In a post-hoc adult analysis of PDPE rate for studies
301 and 302, with the noted limitations, point estimates for the ARR were 0.77 and 1.35 with
95% Cl including the null value. In post-hoc subgroup analysis of U.S. only patients from study
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303, trends favoring control for PDPE rate were accentuated (Table 19). A similar trend was
observed for study 302 (data not shown). However, as a higher percentage of DPM treated
patients versus control patients in both studies 302 and 303 had a history of >1 exacerbation in
the previous 12 months (Table 34), this could at least in part account for this accentuation as a
history of exacerbation is predictive of subsequent exacerbations. Additionally, as these were
post-hoc analyses of a subgroup, definitive conclusions cannot be made. While none of the
PDPE results offer additional support for efficacy, they do not demonstrate that DPM treatment
results in increased exacerbations.

With regard to CFQ-RRD, in study 303, there were no statistically significant differences
between DPM and control groups. Findings were similar in the post-hoc adult analyses of
studies 301 and 302. These results offer no additional support for efficacy.

While clinically relevant secondary endpoints (i.e. PDPE and symptoms) do not offer additional
support for efficacy, overall, DPM has demonstrated a treatment benefit in terms of FEV1in
adults with CF. Across all studies, point estimates for this effect have been consistently modest
ranging from approximately 50-80 mL. Although modest, responder analyses suggest that
some DPM treated patients may have a larger magnitude of benefit and, as articulated at the
May 8, 2018 PADAC (see section 9), even a 50-80 mL improvement may be clinically meaningful
and discernible to some patients, especially those with low lung function and/or severe disease.
With regard to the observed small decrease in the magnitude of FEV1 benefit over time, this
may have been related to normal fluctuation in pulmonary function, though some decrease
over time cannot be ruled out. Overall, the FEV1 data supports a modest treatment benefit in
terms of lung function only.

The evaluation of safety was primarily based on the pooled analysis of adults from studies 301,
302 and 303. While there were some numerical differences in certain adverse events, overall
the differences between arms did not raise major safety concerns for patients 218 years of age.
Across the three phase 3 studies, two deaths occurred, both in control treated adult patients.
With regard to SAEs, overall, they were balanced between arms. 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. Common AEs occurring more frequently in DPM
patients than control were cough, oropharyngeal pain, hemoptysis, bacteria sputum identified,
and pyrexia.

With regard to the previous safety concern of hemotysis, when analyzing the adult only data for
hemoptysis, there were no concerning imbalances between DPM and control groups (Table 31).
CF exacerbation reported as adverse events was also specifically analyzed in terms of safety
given the disease process as well as the fact that for PDPE related efficacy endpoint, point
estimates for some of the hazard and rate ratios were >1 . CF exacerbation, coded as condition
aggravated, was the most common AE across the phase 3 studies and was slightly greater in
frequency in DPM patients compared to controls in serious adverse events (AE), AEs leading to
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study and drug discontinuation, and severe AEs. This finding was accentuated when examining
CF exacerbation in U.S. patients. Taken together with the PDPE efficacy data, this suggests a
potential exacerbation related safety concern for DPM. When this issue was discussed at the
May 8, 2019 PADAC, some committee members were concerned and suggested additional
investigation into the potential safety signal, though acknowledging that it would difficult to do
so in the context of standard post-marketing safety reporting. However, others did not find the
numerical differences concerning. Overall, while there is the potential exacerbation related
safety concern, it is not sufficient to conclude that DPM is unsafe in the proposed population.
However, further investigation in the setting of a post-marketing required study may be
warranted.

Overall, we (CDTL and Division Director) find the benefit-risk for this product favorable and
recommend Approval. It should be noted that our recommendation is in contrast to the
recommendation of the primary clinical reviewer and statistical team, who have recommended
a CR action. The CR recommendation of the primary clinical reviewer and statistical team was
primarily based on the modest effect on FEV; through the 26-week treatment period,
numerically smaller effect at week 26, and lack of support from other clinically relevant
endpoints; coupled with a potential exacerbation related safety concern. While we
acknowledge the recommendations of the primary medical revivewer and statistical team and
do not dispute the safety and efficacy data, based on several factors, we have a different
recommendation. First, while the FEV; benefit is modest, as articulated by PADAC members,
even a small increase may be clinically meaningful to some patients. Additionally, responder
analyses also suggest that some patients may receive a larger magnitude treatment benefit.
With regard to the observed numerical decline in treatment effect in study 303, it is possible
that that represented normal fluctuation in pulmonary function. As such, we find that the FEV1
data support the efficacy of the product. While we also conclude that there was no support
from clinically relevant secondary endpoints, this does not preclude a recommendation of
Approval as the stated indication is somewhat limited in that it specifies “to improve pulmonary
function.” Additionally, our recommendation considers the input given at the PADAC from
PADAC members, CF patients/family members, and CF care providers. Specifically, that
treatment options for inhaled mucolytics are limited, current treatment options require a
significant amount of time to administer drug and clean the delivery device, such treatments
also require access to a power source, and compliance can be suboptimal with currently
available inhaled mucolytics. DPM could address these points. As such, while the treatment
effect is modest and limited to FEV1, DPM does offer a benefit to CF patients. This benefit is not
outweighed by the safety findings and thus our recommendation is Approval. That being said,
given PDPE data, CF exacerbation adverse event data, and input from PADAC members, we
recommend a post-marketing required study to further investigate safety in terms of CF
exacerbation.

The recommendation is Approval with a PMR study to further investigate CF exacerbation
related safety concerns.
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1.3. Benefit-Risk Assessment

Benefit-Risk Summary and Assessment

Cystic fibrosis (CF) is a debilitating illness with significant morbidity, mortality, and no cure. CF results from mutations in and abnormal
functioning of the cystic fibrosis transmembrane conductance regulator (CFTR) gene. CFTR aids in the regulation of salt and water absorption
and secretion throughout the body, and thus its malfunctioning leads to difficult to mobilize tenacious respiratory secretions leading to
recurrent infections and lung damage. The leading cause of death in CF is respiratory related. Many respiratory treatment options are focused
on treating symptoms and sequelae. There is currently a single approved medication aimed at improving respiratory secretions and pulmonary
toilet, Dornase alpha. Hypertonic saline (7%) is also use clinically as a mucolytic to improve pulmonary toilet, but is not FDA approved for this
indication. Both are administer via nebulization. Recently approved medications, are directed at the more proximal cause of disease, the CFTR
protein, and have changed the treatment landscape considerably for those patients with CF with eligible mutations. The products are
sometimes referred to as CFTR “modulators.” Their recent approvals (2012-2018) were based on improvement in lung function and support
from secondary endpoints.

The Applicant has submitted a complete response to a Complete Response (CR) action for inhaled dry powder mannitol (DPM). In the airway,
DPM is thought to decrease the thickness of respiratory secretions and result in improved pulmonary toilet, which in turn is postulated to to
improve pulmonary function. The proposed indication is for the management of CF patients 18 years of age and older to improve pulmonary
function in conjunction with standard therapies. The proposed dose is 400mg inhaled twice daily. In the initial NDA review cycle, the Applicant
proposed a similar indication, though included patients 26-years of age. A CR action was taken at that time due to lack of substantial evidence
of efficacy and safety concerns largely in the pediatric population (<18 years of age) based on data from two phase 3 studies. To support this
complete response to CR, the Applicant submitted data from an additional recently completed phase 3 placebo controlled, 26-week treatment
period efficacy/safety study in adults (study 303). Post-hoc analyses of adults only from the two previously reviewed phase 3 studies of similar
design and duration (studies 301 and 302) were also submitted (prior studies include patients >6 years of age). All phase 3 studies were in CF
patients.

From an efficacy standpoint, in studies 301, 302, and 303, the improvement in adults for the primary endpoint, change from baseline in FEV1
over 26 weeks, ranged from approximately 50mL to 80mL depending on the statistical analysis method used. Secondary endpoints included
clinically meaningful measures such as exacerbation related endpoints and symptom related scores [Cystic Fibrosis Questionairre — Revised
respiratory domain (CFQ-RRD) score]. Secondary endpoints, such as exacerbation and symptoms did not provide additional support to the
primary endpoint. In fact, several measures of exacerbation demonstrated trends in favor of control patients, with trends magnified in the US
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subpopulation. Additionally, no clear durability of FEV1 effect was seen.

From a safety standpoint, while prior studies had raised hemoptysis as a safety concern in the younger patients, this was not seen in the most
recent study in adults. However, there was suggestion of a slightly increased number of CF exacerbations in several safety categories. These
differences were magnified in the US subpopulation.

The primary clinical reviewer and statistical team do not recommend approval of inhaled DPM for the proposed indication based upon
concerns related to the small treatment effect on FEV1, durability of effect for a potentially chronic medication, lack of support from clinically
relevant secondary endpoints and questions related to the potential for an increase in pulmonary exacerbations. We (CDTL and Division
Director) acknowledge the recommendation for a CR action from the primary clinical reviewer and statistical team; however, we have a more
favorable view of the benefit risk assessment of DPM. We acknowledge the discussion at the May 8, 2019 Pulmonary-Allergy Drug Advisory
Committee meeting in which the AC panel was split regarding the recommendation for approval of DPM. So, it is not surprising that there are
some differences in recommendations amongst the review team members. Our assessment is that the available clinical data supports approval
of DPM for patients with CF; however, because of issues related to human factors studies regarding administration of the mannitol tolerance
test (MTT), a complete response action is planned. The following is a discussion of our benefit risk assessment for DPM for use in patients with
CF.

The DPM clinical program provides evidence of a consistent effect of DPM on FEV1 with an estimated effect size ranging from a mean of 50-
80mL. We acknowledge that while there is not a predefined threshold for clinically meaningful treatment effect in FEV; for patients with CF,
the treatment effect of DPM raises questions regarding whether it is clinically meaningful. CF is a progressive disease with a decline in
pulmonary function over time, so preservation or improvement in lung function is important. As discussed during the May 8, 2019 PADAC
meeting (see section 9), even a 50-80 mL improvement may be clinically meaningful and discernible to some patients, especially those with low
lung function and/or severe disease. We also found the responder analyses compelling. The responder analyses showed that some DPM
treated patients had a larger benefit, which would be clinically meaningful (e.g., >100 mL, >200mL, > 300mL) compared to control.

With regard to the observed small decrease in the magnitude of FEV1 benefit over time, this does raise questions regarding the durability of the
treatment effect. However, this decrease was not consistently observed across all 3 studies. In addition, the Applicant’s responder analysis at
week 26 in Study 303 did show there was a greater proportion of patients who had a response > 100mL in the DPM group compared to control.

Secondary measures of efficacy, such as exacerbations or CFQ-RRD, did not provide additional support for the efficacy of DPM. We typically
would expect important secondary endpoints to support the efficacy of a product. This was not the case for DPM. While the trend for PDPE
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did not favor DPM in study 303, the data do not show that DPM increases the risk of pulmonary exacerbations; however, given the limitations
of the data, a post-marketing study to further evaluate the risk of exacerbations with DPM is warranted.

There are additional benefits of DPM that should be considered in the benefit risk assessment. Treatment options for inhaled mucolytics are
limited. Current treatment options require a significant amount of time to administer drug and clean the delivery device. These nebulized
treatment options also require access to a power source and bulky equipment. Because of these issues, compliance can be suboptimal with
currently available inhaled mucolytics. Patient testimony at the PADAC meeting noted these issues and they expressed the benefit of a
convenient, portable treatment option for airway clearance. While DPM may have only demonstrated efficacy in terms of an improvement in
pulmonary function and not reduction in exacerbations, it does provide another option that may be suitable for some patients.

In terms of safety, hemoptysis was not an issue in study 303, so it appears to be primarily an issue with patients less than 18 year old age.
There were tolerability issues with DPM, which is not surprising given the mechanism of action. The question regarding an increase in
exacerbations was also noted in the safety analyses. The data do not clearly show that DPM increases the risk of exacerbations, but given the
concern, a post-marketing study to evaluate exacerbations will be required.

Overall, we find the benefit risk assessment of DPM favorable as it will provide benefit to some patients with CF. While it may offer only a
modest FEV; benefit, it does provide an option that healthcare providers and patients can consider. Labeling will need to clearly describe the
available data so healthcare providers understand that DPM does not reduce exacerbations or improve patient symptoms. The benefit is
limited to pulmonary function and convenience. The MTT is described in the Dosage and Administration section of the product label and
screening patients is important to identify those patients who may have bronchospasm with DPM. Therefore, it is important that the
instructions are clear so healthcare providers can screen patients appropriately. Because human factor studies identified issues with the
instructions for the MTT, additional human factor testing is necessary. This will preclude approval at this time; thus a CR action is planned.
Once the human factors issues are resolved, labeling can be completed and the NDA can be approved.
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

CF is a serious disease with considerable morbidity, mortality,
and no cure.

CF is a multiorgan disease however respiratory related disease
accounts for the the majority of morbidity and mortality. This is
primarily driven by the difficulty in clearing secretions that cause
repeated infections.

CF exacerbations and respiratory symptoms play an important
role in decreasing patients quality of life

CF is a debilitating illness causing
significant morbidity and mortality.
The Applicant’s use of measures to
assess lung function, exacerbations,
and symptoms in their clinical studies is
reasonable.

Many treatments are directed at treating symptoms and
sequelae of the disease. From a respiratory standpoint, this
involves use of therapies to decrease viscosity of airway
secretions to improve airway clearance/pulmonary toilet.
Current treatment options for such agents include dornase
alpha and hypertonic saline. Only dornase alpha is FDA
approved in CF. Both take time to administer and to clean the
delivery device, and require access to a power source.

Newer treatments are directed at the more proximal cause of
the disease, the CFTR protein. These treatments are approved
for a growing but limited number of patients based on genetic
mutations, and have changed the treatment landscape.

Multiple current respiratory treatments
are used to address symptoms and
sequelae of the disease as well as
newer agents acting on a more
proximal cause.

Tthere are limited options for inhaled
treatments aiming to improve viscosity
of airway secretions.

DPM would represent an additional
treatment option that would be
relatively fast to administer and not
require access to a power source.

The submitted data across multiple studies has demonstrated a
modest treatment benefit in terms of FEV1.

No effect on endpoints such as exacerbation or respiratory
symptoms was demonstrated.

DPM administration time is shorter than other clinically used
mucolytics and does not require access to a power source.

While DPM has not demonstrated an
effect on exacerbation or symptoms, it
has demonstrated efficacy in terms of a
modest benefit in pulmonary function.
This benefit may be clinically
meaningful to some patients.

DPM would also provide an additional
treatment option for CF patients.
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Dimension Evidence and Uncertainties Conclusions and Reasons
e The safety program for inhaled mannitol demonstrated possible e Analysis of safety raise concerns regarding
concerns for increased CF exacerbations exacerbation.
e No REMS is proposed e A postmarketing required study is

warranted to further investigated this risk.
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1.4. Patient Experience Data

Patient Experience Data Relevant to this Application (check all that apply)

X

The patient experience data that were submitted as part of the
application include:

Section of review where
discussed, if applicable

0 ¢ Clinical outcome assessment (COA) data, such as

X Patient reported outcome (PRO)

CFQ-R (8.1.2)

Observer reported outcome (ObsRO)

Clinician reported outcome (ClinRO)

O|0o|o|o

Performance outcome (PerfO)

0 i Qualitative studies (e.g., individual patient/caregiver
interviews, focus group interviews, expert interviews, Delphi
Panel, etc.)

0 ¢ Patient-focused drug development or other stakeholder
meeting summary reports

0 ¢ Observational survey studies designed to capture patient
experience data

0 i Natural history studies

0 i Patient preference studies (e.g., submitted studies or
scientific publications)

0 i Other: (Please specify):

Patient experience data that were not submitted in the applicatio

in this review:

n, but were considered

O ! Input informed from participation in meetings with patient
stakeholders

0 i Patient-focused drug development or other stakeholder
meeting summary reports

0 i Observational survey studies designed to capture patient
experience data

X i Other: (Please specify): Patient testimony at Open Public
Hearing at the May 8, 2019, PADAC meeting

Patient experience data was not submitted as part of this application.
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2 Therapeutic Context

2.1. Analysis of Condition

CF is an autosomal recessive genetic disease that affects approximately 30,000 children and
adults in the United States?, and approximately 70,000 children and adults worldwide®. 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.!

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.©

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.

2.2. Analysis of Current Treatment Options

There are no FDA approved products for CF that act in a manner similar to DPM. Hypertonic
saline, which is widely used by CF patients, may work in a similar manner, but is not FDA

@ Cystic Fibrosis Foundation Patient Registry 2016 Annual Data Report

b Farrell PM. The prevalence of cystic fibrosis in the European Union. J Cystic Fibrosis 2008;7(5):450-453.
¢ 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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approved. A number of drugs are used to treat the symptoms and sequelae of CF, as well as

several which treat the underlying cause of CF. Medications used to treat CF patients are
summarized in Table 1. Note that not all are FDA approved for use in CF.
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Table 1: Treatments for Cystic Fibrosis (CF)

Active Ingredient [Trade Name | FDA-Approved for CF Indication?
CFTR modulator
Ivacaftor Kalydeco Yes: one mutation in the CFTR gene that is

responsive to ivacaftor potentiation based
on clinical and/or in vitro assay*

Lumacaftor/lvacaftor Orkambi Yes: homozygous for F508del mutation
mutations
Tezacaftor/Ivacaftor Symdeko Yes: homozygous for the F508del mutation

or at least one mutation in the CFTR gene
that is responsive to tezacaftor/ivacaftor
based on in vitro data and/or clinical
evidence.**

Inhaled antibiotics for the treatment of pseudomonas aeruginosa

Tobramycin (nebulized) TOBI Yes
Tobramycin (dry powder) TIP Yes
Aztreonam (nebulized) Cayston Yes
Polymyxin E

(IV form given via nebulizer) Colistin No

Inhaled treatments used as mucolytics
Dornase alpha (rhDNase) Pulmozyme Yes
Hypertonic Saline (7%) -—- No

Oral pancreatic enzyme supplementation

Creon, Pancreaze, Zenpep,
Pancrease, pancrelipase Pancrelipase, Pertzye, Yes
Viokace, Ultresa

Inhaled bronchodilators

Pro-Air, Ventolin,
Albuterol sulfate 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
*Includes G551D, G1244E, G1349D, G178R, G551S, S1251N, S1255P, S549N, S549R, R117H, ES6K, P67L, R74W, D110E, D110H, R117C, E193K,
L206W, R347H, R352Q, A455E, D579G, 711+3A-G, E831X, S945L, S977F, F1052V, K1060T, A1067T, G1069R, R1070Q, R1070W, F1074L,
D1152H, G1244E, S1251N, S1255P, D1270N, G1349D, 2789+5G=A, 3272-26A-G, 3849+10kbC->T mutations

** Includes ES6K, R117C, A455E, S945L, R1070W, 3272-26A-G, P67L, E193K, F508del, S977F, F1074L, 3849+10kbC->T, R74W, L206W, D579G,
F1052V, D1152H, D110E, R347H, 711+3A-G, K1060T, D1270N,

D110H, R352Q, E831X, A1067T, 2789+5G->A mutations. F508del must be present in two copies or with at least one copy of these above-
mentioned mutations to be indicated.

Source: Approved labeling data from Drugs@FDA.gov (accessed on March 8, 2019)
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3 Regulatory Background

3.1. U.S. Regulatory Actions and Marketing History

Mannitol is generally recognized as safe (GRAS) as an oral supplement. Inhaled mannitol
(Aridol) has also been in use since its approval in 2010 and is indicated for the assessment of
bronchial hyperresponsiveness in patients 6 years of age and older who do not have clinically
apparent asthma.

3.2. Summary of Presubmission/Submission Regulatory Activity

Regulatory History Summary

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 26 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.

As a result of these concerns, a Pulmonary Allergy Drug Advisory Committee (PADAC) was
convened where these issues were discussed (see section clinical review by Dr. Kim Witzmann
dated February 11, 2013). 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
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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 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
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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.
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4 Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety

4.1. Office of Scientific Investigations (OSI)

No inspections were requested for this review cycle, as inspections were performed during the
previous review cycle.

4.2. Product Quality

The drug product, Bronchitol (mannitol) Inhalation Powder, 40 mg, is proposed for treatment of
cystic fibrosis. The same formulation (neat mannitol) was approved in 2010 with a diagnostic
kit (also from Pharmaxis) for assessment of bronchial hyperresponsiveness in patients 6 yrs of
age and older with symptoms of asthma (NDA 022368, Aridol Inhalation Powder).

The Bronchitol drug product is a non-sterile dry powder inhaler with formulation pre-metered
in hard-gelatin capsules, each containing 40 mg of spray-dried mannitol. The capsules are
packaged into aluminum foil-foil blisters and co-packaged with one or more inhalation devices,
the Plastiape RSO1 Inhaler Model 7 HR, which is a high-resistance inhaler. The to-be-marketed
inhaler Model 7 HR is manufactured from the same plastic materials as inhaler Model 7 LR (low
resistance) which is approved with Aridol Inhalation Powder diagnostic kit of NDA 022368,
however there is difference in the air inlets (refer to page 59 of CMC review #1) to account for
the difference in device resistances, and there are different color piercing buttons (blue for HR
and red for LR). The mechanism of action for both inhaler models is the same and is described
below, however the Aridol inhaler is labeled for less use (57 capsules) than the Bronchitol
inhaler (140 capsules). Upon insertion of the capsule into the inhaler, it is pierced from both
ends, and the patient inhales from the mouthpiece, which results in the spinning of the capsule
and release of the powder by entrainment into the air-stream. The in vitro emitted dose, at 60
L/min for 2 L air volume, is 32.2 mg (target emitted delivery). Three package configurations are
proposed for marketing, a Bronchitol Tolerance Test packaged with a Training Kit (10 capsules
and a device), a 7-day Treatment Pack (140 capsules and 1 device), and a 4-week Treatment
Pack (560 capsules and 4 devices). Daily dosage is inhalation of 10 capsules twice a day.

The drug substance, which comprises the entire formulation, is a sugar alcohol with [UPAC
name (2R,3R,4R,5R)-Hexane-1,2,3,4,5,6-hexol and the USAN name mannitol. It is a white,
crystalline powder of free flowing granules. It is freely soluble in water (22 g/100 mL) and very

- - b) (4]
slightly soluble in alcohol. g )(::))(4)

O The retest period of the drug
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substance is @@ and is supported by the stability data. The specification controls for the
drug substance include appearance, appearance of solution, assay, related substances, oW
(b) (4) . .. . . . . e .
melting range, conductivity, specific rotation, end%’gg))ans, microbial limits,
and residue on ignition.

)«

For the drug product manufacture, the mannitol is bl

w) 4)

The regulatory
specification controls for the drug product include purity of mannitol and testing for related
substances, identification by infrared spectroscopy, m“’, appearance, bacterial
endotoxin limit, microbial limits, aerodynamic particle size distribution, and delivered dose
uniformity (DDU).

At the end of the initial review cycle, the CMC team considered the application approvable
pending a decision by the Office of Compliance regarding the GMP status of the various sites
supporting the CMC for the drug product. Ultimately, the Division of Pulmonary, Allergy, and
Rheumatology Products (DPARP) issued a complete response (CR) letter to the applicant on 18-
MAR-2013. The main issue leading to the CR letter was the GMP deficiencies found during

investigation of a packaging and labeling facility o

The CMC team conveyed additional recommendations for the sponsor to consider for the
resubmission, although it does not appear that the subjects of these were considered to be
approvability issues. These comments and recommendations related to drug product
specification (DDU), stability, manufacturing hold times, formulation conditioning, device
ruggedness, drug holdup and device cleaning, stability of fine particle fraction (measured by
cascade impaction), the post-approval stability protocol, and data supporting an improved
foreign particulate method. Note that the applicant has now been producing their approved
Aridol Inhalation Powder drug product for more than 8 years. This drug product also uses the
same mannitol formulation prepared by the same process and the same device (but with a
lower resistance) as for the Bronchitol Inhalation Powder drug product of this application. As a
result, there is a substantially larger amount of data from process validation, clinical, and
stability batches available now to gauge the production process and product stability, and these
and other data provided in the resubmission mitigate the concerns outlined in the
recommendation CMC comments included in the CR letter. In summary:

e The applicant has revised the DDU test acceptance criteria as requested.
e Regarding the Agency suggestion to consider adding
to the manufacturing process, the applicant has provided
additional data indicating that:

(b) (4)
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e Regarding hold times for drug product_ the applicant has updated the
process description accordingly.

e Regarding device robustness and the drug hold-up issue, the applicant has revised the
product presentation so that it now includes a device with each 7-day supply of capsules
(no cleaning will be required).

e Updated stability data now support a 36 month expiry period and the applicant states
that any extension of the expiry will be done via a prior-approval supplement as
opposed to the typical submission via annual report.

e The post approval stability protocol is revised as requested, to include testing of assay
and _ at the 3 month time-point.

e An updated and validated method for the determination of foreign particulates has now
been provided as requested.

In summary, with this resubmission, the applicant has adequately addressed the quality-related
recommendations and the GMP issues have been resolved. The evaluation of the resubmission
is captured below in the reviews from the drug substance, drug product, process & facilities,
and CDRH Office of Compliance teams.

RECOMMENDATION TO DPARP FROM OPQ/CMC: Approval

4.3. Clinical Microbiology
Not applicable
4.4, Devices and Companion Diagnostic Issues

None.
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4.5. Human Factors

As DPM can cause severe bronchospasm in susceptible individuals, the proposed population is
limited to those patients who can tolerate DPM based on a mannitol tolerance test (MTT) in
which patients are given increasing doses of mannitol, up to 400mg total, by a healthcare
provider and monitored for decreases in oxygen saturation and pulmonary function (see 8.1.1).
Given the importance of using the MTT in identifying patients who could safely tolerate DPM, it
was vital that the Applicant provide data to support that a healthcare provider could reliably
perform the MTT and correctly identify patients who could tolerate DPM. To support this, the
Applicant submitted data from two separate human factor (HF) studies. Both were problematic.

The DMEPA/HF review team identified serious issues with the methodology and results of the
Applicant’s HF studies. The results of the HF validation studies demonstrated several use errors
and use difficulties with critical tasks that could result in harm to the patient. For example,
study results showed several use errors and use difficulties that occurred with critical tasks of
healthcare providers performing the MTT (see 15.3 for tabular summary of identified issues).
These use errors and use difficulties could lead the healthcare providers arriving at an incorrect
clinical conclusion to prescribe DPM. This incorrect clinical decision could lead to unindicated
patients receiving DPM, which could result in patient harm (e.g. bronchospasm, hypoxia,
pulmonary compromise).

Because of this, additional revisions to the product user interface to address the errors seen in
the HF validation studies are necessary. Additional HF validation study(ies) with appropriate
study methodology will then be necessary to demonstrate that the additional mitigations are
effective and that they do not introduce new risks. As a result of these identified issues and
the need for a revised product user interface with subsequent additional HF study(ies) using the
revised user interface, the DMEPA/HF review team recommends a Complete Response action.
See review by DMEPA/HF review team for full details.
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5 Nonclinical Pharmacology/Toxicology

5.1 Executive Summary

This resubmission contained no nonclinical data. The nonclinical data in support of the
approval of the application was previously submitted to the original submission of the current
application and/or the reference product application (NDAs 202049 and 22-368, respectively).
The nonclicnial team has completed detailed reviews of the data and recommended approval in
the original submission of the current application. See nonclinical reviews completed by Dr.
Lugi Pei on February 5, 2013 for NDA 202049 (DARRTS Reference ID# 3255351) and on October
30, 2009 for NDA 22-368.

Briefly, Bronchitol is an inhalation drug product that contains D-mannitol as the ative
pharmaceutical ingredient. The toxicological profile of inhaled mannitol has been well
characterized. The compound is non-genotoxic, non-carcinogenic, and non-teratogenic. These
properties have been described in the label of Aridol inhalation powder, the currently marketed
mannitol inhalation product. A product labeling review of Bronchitol will be completed later.

5.2. Referenced NDAs, BLAs, DMFs

This application references to NDA 22-368 (Aridol) and DMF R (Mannitol).
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6 Clinical Pharmacology

6.1. Executive Summary

This resubmission contained no new clinical pharmacology data. All clinical pharmacology data
in support of the approval of the current application was previously submitted to the original
application. The following are the key findings from the original clinical pharmacology review.

1. Following single-dose administration of 635 mg mannitol dry powder by inhalation to
healthy male sujects, the absolute bioavailability of inhaled mannitol was 59% as
compared to intravenously administered mannitol. The relative bioavailability of
inhaled mannitol as compared to orally administered mannitol was 96%. The median
time to reach the mannitol peak serum concentration (Tmax) was 1.5 (1 — 2) hr and dose
normalized peak serum concentration (Cmax) was 10,792 ng/mL for inhaled mannitol.
The mean terminal half-life (t1/2) of mannitol was approximately 5 hr regardless of route
of administration (Study DPM-PK-101).

2. Following BID dosing of 400 mg inhaled mannitol in patients with cystic fibrosis aged 6
and older for 7 days, serum mannitol levels peaked approximately 0.75 to 2.54 hr post
dosing. Variability in mean Cmax values between adults, adolescents and pediatric
subjects was moderate to high ranging from 15 to 51%. Between subject variability in
mean AUCin values (Day 1) ranged from 22 to 47%. Serum mannitol concentrations
accumulated following multiple BID dosing over 7 days by approximately 1.56, 1.21,
2.18 and 2.50 fold in adults, adolescents, pediatric (older), and pediatric (younger)
subjects, respectively (Day 7/Day 1 AUCo.1; ratio) (Study DPM-PK-102).

3. In the Phase 2 Study, inhaled dry powder mannitol demonstrated a dose-dependent
increase in FEV1 and FVC in patients with CF, at doses of 40, 120, 240 and 400 mg BID.
Although the higest possible dose was not formally established, the use of more than 10
mannitol capsules for each dose ws considered by the Applicant to compromise
compliance (Study DMP-CF-202).

For details, see clinical pharmacology review by Dr. Arun Agarwal dated February 8, 2013 for
NDA 202049.
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7 Sources of Clinical Data and Review Strategy

7.1.Table of Clinical Studies

The sources of clinical data reviewed in this document are derived from the phase 3

confirmatory studies. These are summarized in Table 2. 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.

Table 2: Phase 3 Studies

Study | Study | Study Duration | Population Treatments N Countries*
years | Design
301 2007- | R, DB, 26 week CF patients, ages 6 DPM 400mg BID 177 | UK, Australia
2010 [ PG with | controlled | and older, FEV1 30- | DPM 50mg BID (control) | 118
OLE 52 treatment | 90%
weeks period
302 2008- | R, DB, 26 weeks | CF patients, ages 6 DPM 400mg BID 184 | US, Germany,
2010 | PG with | controlled | and older, FEV1 40- | DPM 50mg BID (control) | 121 | Canada,
OLE 26 treatment | 90% Argentina,
weeks period
303 2014- | R, DB, 26 weeks | CF patients, ages 18 | DPM 400mg BID 209 | US, Poland,
2017 | PG controlled | and older, FEV1 40- | DPM 50mg BID (control) | 214 | Russia, Ukraine
treatment | 90%
period
Abbreviations: DPM=dry powder mannitol; R=randomized; DB=double blinded; PG=parallel group; OLE=open label
extension; BID=two times per day; CF=cystic fibrosis; FEV1=forced expiratory volume in one second
*countries contributing 210% subjects listed
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7.2.Review Strategy

For efficacy, the double-blind phase (DBP) of studies 301, 302, and 303 serve as the primary
support. As studies 301 and 302 were previously reviewed, the focus of this document is study
303 data. However, data from studies 301 and 302 will be discussed and presented when
relevant (for details regarding protocol review and results for studies 301 and 302, see Dr. Kim
Witzmann’s primary clinical review from February 11, 2013). Given the change in the target
population to patients >18 years of age, efficacy data from the prior studies in the subgroup of
patients 218 years are presented when appropriate along with study 303 results.

The assessment of safety is primarily based on data from the 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 26 years of age and study 303 included patients >18 years of age.
As the proposed indication includes only those 218 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
analyses.

8 Statistical and Clinical and Evaluation

8.1. Review of Relevant Individual Trials Used to Support Efficacy

8.1.1. Study DPM-CF-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).
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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.

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 (rhDNase) use, 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 Figure 1.
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Figure 1: Study 303, Schedule of assessments

3 i Study dru
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Physical & amimation/ X X X X X X
vital signs
Pulmonary function tests X X X X X X
Urine pregnancy test X
Pulmonary exace thations review X X X X X
MTT procedure X
Randomize subject X
Dispense study drug and bronchadilator X X X
Administer treatment dose in clinic X X X X
Sputum qualitstive microbiology X
: i Study drug
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Screning blood sample X
Issue Subject Diary X
Review Subject Diary X X X X X
Collect Subject Diary X
Adverse event assessment X X X X X X X X X X X X X X
Ease of expectoration VA S X X X X X
CF(} R respiratory domain X X X X X
Study drug compliance and accountability® X X X
Discuss adberence to treatment {if subject
has discontinued study drug, schedule . . . . . . .
study drug di .\cumi:luzljuns\ isit within X X X X X X X
2 weeks of last study drug)
Remind subject of next visit or phone call,
u.-@h:sld{ng_parmd.\. o curr.plaraj :Euhja'ci X X X X X X X X X X X X X
Diary, and to return stady drug (if
applicable)’
Discharge subject from trial X
CHQ-R=Cystic Fibrosis (Questionnaire-Revised: MTT=mannitol tolerance test; ¥V AS=visual analogue scale

' The study drug discontinuation visit was used for all subjects who discontinued study drug carly, but were remaining in the trial

? Subjects had to have been stable and clear of pulmonary exacerbations for at keast 2 weeks prior to Visit 1. If a subject had an exacerbation after Visit
(screening), Visit 1 should have occurred 2 to 5 weeks from the end of the treatment of the exacerbation or the end of the adverse event, whichever was later.
? Eligible subjects were to be randomized if compliance with maintenance therapies (antibiotic and thDMNase ) was at keast 80% in the 2 weeks prior to Visit 1.

* Study drug sccountability and collection was to occur at the next scheduled visit for any subject who withdrew from the trial or discontinued from study drug
early.
* The Subject Diary was 1o be collected for all subjects, including those who withdrew early from the trial.

Source: Study 303 CSR p 35-36

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
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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 SpO; <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 FEV; of 250%, the patient
failed the MTT. However, if, at the 160 mg dose, the patients experienced a drop in FEV; of 20-
50%, the patient was reassessed in 15 minutes. If after 15 minutes the patient continued to
have an FEV1drop of 220%, the patient failed the MTT.

Overall the design of study 303 was largely similar to 301 and 302. Allincluded 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 260 mEqg/L) and/or genotype
with two identifiable mutations consistent with CF, accompanied by one or more clinical
features consistent with the CF phenotype

2. Atleast 18 years old

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

w

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
Failure or incompletion of the MTT

Study Treatments
During the 26-week treatment period the treatment arms were as follows:
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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.

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:

Bronchodilator

DPM/control
Physiotherapy/exercise
rhDNase (if used)

Inhaled antibiotics (if used)
Inhaled corticosteroid (if used)

ok wNE

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. FEV1is 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)

Time to first protocol defined pulmonary exacerbation (PDPE)
Number of days on antibiotics due to PDPE

Number of days in hospital due to PDPE

Rate of PDPE

vk wnN
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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

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:

=

Change in sputum production (volume, color, consistency);
Increased dyspnea;

New or increased hemoptysis;

Malaise, fatigue, or lethargy;

Fever (>38°C, i.e., 2100.4°F);

Anorexia or weight loss;

Sinus pain or tenderness;

Change in sinus discharge;

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.

©WONOU A WN

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.

Statistical Analysis Plan

Analysis Sets
The following analysis sets were defined in the Statistical Analysis Plan (SAP):

e 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.

e 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.

44

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

e 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:

e 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:

e 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.

e 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.#, 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 unstructured covariance structure was used to model the within-patient variability.
The Kenward-Roger approximation was used to estimate denominator degrees of freedom.
The SAP stated that least squares (LS) means for each treatment group and mean treatment
group difference, standard error (SE), 95% confidence intervals (Cls) and the p-value for the
treatment group effect averaged across the different study visits, with the same weight applied
to each visit, were to be presented. However, the analysis actually estimated a treatment group

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.
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effect averaged across change from baseline to the different study visits, with the same weights
applied to change from baseline to each visit. Prior to this analysis, missing data were handled
in the following manner:

e All available on-treatment and off-treatment period data were included.

e Missing baseline values were imputed with screening values, if available.

e 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.

e 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.

e 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.

It is worth noting that in this analysis and in other analyses that gave equal weight to change
from baseline to each visit in FEV1, change occurring in earlier time periods was given
substantially more weight than change occurring at later time periods. This weighting is
illustrated in Figure 2, with each of the horizontal lines (representing change from baseline at
each of Weeks 6, 14, and 26) being given equal weight. The dashed vertical red lines separate
the 26-week period into incremental periods of Week 0 to Week 6, Week 6 to Week 14, and
Week 14 to Week 26. This figure makes clear that in the primary efficacy endpoint, change
occurring from Week 0 to Week 6 was counted three times (for an effective weight of 50%),
change occurring from Week 6 to Week 14 was counted twice (for an effective weight of 33%),
and change occurring from Week 14 to Week 26 was counted only once (for an effective weight
of 17%). This endpoint therefore puts a weight of 83% on change occurring during the first 14
weeks of the 26-week period, and a weight of only 17% on change occurring during the last 12
weeks of the 26-week period.
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Figure 2: Visual Representation of Weighting in Change from Baseline Over 26 Weeks in FEV1

WO0-6 —_—

WO0-14

WO0-26

Week
Abbreviations: W0-X=Week 0 to Week X
Source: FDA Statistical Reviewer

Letting FEV1WX denote the FEV1 measurement at Week X, the primary efficacy endpoint can be
reexpressed in the following form:

3(FEVY® — FEV}"®) + 2(FEV}"** — FEVY®) + (FEV}Y?¢ — FEV}V1%)
3

Given the heavy weighting of this endpoint toward earlier time periods, any loss of efficacy at
later time periods such that the treatment effect is not durable is downweighted by this
endpoint.

Sensitivity Analysis 1 (Pattern Mixture Model): Absolute change from baseline in FEV;
(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:

e Asa 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 FEV; at screening, at baseline, and at Weeks 6, 14, and 26.

e 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 FEV; including as covariates rhDNase use, pooled
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country, and FEV; 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 FEV; 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 FEV; (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:

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 FEV; 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 FEV; were
not missing; and (2) the change from baseline to Week 26 in FEV1 was above a certain
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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% Cl 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:

e Absolute change from baseline over 26 weeks in FEV1

e Absolute change from baseline over 26 weeks in Forced Vital Capacity (FVC)

e Time to first protocol defined pulmonary exacerbation (PDPE)

e Number of days on antibiotics (oral, inhaled, or IV) due to PDPEs

e Number of days in hospital (admissions only) due to PDPEs

e 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% Cl 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% Cl and p-value, were to be presented.
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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

e Analysis Population Definitions
0 Studies 301 and 302
= 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
e Primary Analysis for Change from Baseline Over 26 Weeks in FEV1
0 Studies 301 and 302
= The SAPs did not reference or define the estimand being targeted
= Missing measurements for FEV; 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
0 Study301
= Patients with no post-baseline assessments of FEV; were excluded
0 Study 302
= The SAP did not state whether patients with no post-baseline
assessments of FEV1 would be included
e Primary Analysis for PDPE Rate
0 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
e Family-Wise Type | Error Control
0 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
0 Study 301
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= There was no multiplicity control procedure for the primary efficacy
endpoint and the secondary efficacy endpoints
0 Study 302
= |nstead of using an analysis hierarchy, key secondary efficacy endpoints
were tested using the Holm’s method of correction, at the one-sided
significance level of 0.025

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
e The addition of a study drug discontinuation visit 2 weeks after study drug
discontinuation (but not study withdrawal)
e Rephrasing of the PP definition set
e Clarification of procedures and administrative changes

8.1.2. Study Results

Study results for study 303 are discussed here along with pertinent results from studies 301 and
302 from the prior review cycle when appropriate.

Compliance with Good Clinical Practices

The trial was monitored according to ICH guidelines for GCP and conducted in accordance with
the ethical principles consistent with GCP.

Documented approval was obtained from IRBs and IECs prior to study initiation. All protocol
modifications were made after IRB/IEC approval. The studies were conducted in accordance
with GCP, CFR, and the Declaration of Helsinki. No foreign clinical studies are noted.

Financial Disclosure

There are no financial conflicts of interest noted nor has the sponsor entered into any financial
arrangements with any investigators.

The Applicant has adequately disclosed financial interests and arrangements with the
investigators. Form 3454 is noted and verifies that no compensation is linked to study outcome.
The Pls did not disclose any proprietary interest to the sponsor.

Patient Disposition
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A total of 486 patients were screened for eligibility. Of these, 32 (5%) failed the MTT and an
additional 31 did not meet other eligibility criteria. Thus, 423 patients were randomized (209
DPM, 214 control). Of those randomized, approximately 88% completed the study; the study
withdrawals were balanced in the two treatment arms. Treatment discontinuation (without
study withdrawal) occurred in 19% of patients and was also balanced in the two treatment
arms.

The reasons for study withdrawal were balanced between the treatment arms. The most
common reason was withdrawal of consent. Other reasons included AEs, lack of efficacy, loss to
follow-up, pregnancy, relocation, and other. With regard to treatment discontinuations,
adverse events were the common reason, with “subject decision” being the second most
common. Other reasons were similar to the reasons noted for study withdrawal. These data are
summarized in Table 3.

Table 3: Study 303, Disposition

Disposition Study 303
DPM (N=209) Control (N=214)

Randomized 209 214

Completed study 183 (87.6) 190 (88.8)

Early study withdrawal

Total 26 (12.4) 24 (11.2)
Withdrawal of consent 12 (5.7) 13 (6.1)
AE 10 (4.8) 6(3.3)
Death 0 1(0.5)
Lack of efficacy 2(1) 1(0.5)
Lost to follow-up 1(0.5) 1(0.5)
Other (relocation, pregnancy, unspecified) 1(0.5) 2(1)

Early treatment discontinuation

Total 37 (17.7) 44 (20.6)
AE 20 (9.6) 18 (8.4)
Lack of efficacy 2(1) 4(1.9)
Relocation 1(0.5) 0
Physician decision 0 1(0.5)
Pregnancy 0 1(0.5)
Other* 14 (6.7) 20 (9.3)

*Most frequent reason “subject decision” approximately 10 patients (5%) each arm

Source: study 303 CSR, Table 14.1.1.2, p.143; reviewer verified (ADSL study 303, ITTFL=Y,
COMPLFL=Y, DCSREAS tabulated by TRTO1P)

Withdrawal of consent was explored further, as it was the most common reason for study
withdrawal. Reviewer analysis (Study 303 ADSL, ITTFL=Y, TRTO1P,WCREAS tabulated) did not
reveal an imbalance in reasons cited for withdrawal of consent, which included logistical
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reasons (insufficient time, travel, study schedule), the desire 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 the prior
studies, particularly study 301. In the entire study population (including non-adults) for 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. The study completion rate in studies
301 and 302 for adults as compared to the overall population was even lower. Primary reasons
for study withdrawal in studies 301 and 302 were similar to study 303. These data are
summarized in Table 4.

Table 4: Studies 301, 302, Disposition, Adults only, ITT, DBP

Study 301 Study 302
DPM Control DPM Control
(N=124) | (N=85) (N=97) (N=60)

Randomized 124 85 97 60

Completed study (DBP only) 71(57.3) | 52(61.2) | 70(72.2) | 50(83.3)

Early study withdrawal*

Total 53(42.7) | 33(38.8) | 27(27.8) | 10(16.7)
Withdrawal of consent 18 (14.5) 17 (20) 10 (10.3) 6 (10)
Adverse event 24 (19.4) | 12914.1) 9(9.3) 2(3.3)
Physician decision 5(4) 1(1.2) 2(2.1) 1(1.7)
Sponsor decision 5(4) 2(2.4) 0 0
Protocol violation 0 1(1.2) 1(1) 0
Lost to follow-up 0 0 2(2.1) 0
Randomization error 0 0 1(1) 0
Other (unspecified) 1(0.8) 0 2(2.1) 1(1.7)

*Early treatment discontinuation led to study withdrawal, not shown separately

Source: SCS, Table 19, p.75

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.
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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 ITT set, 21 patients in the DPM group (10%) and 31 patients in the control group (14.5%)
had major protocol deviations (MPDs) (Table 5). The most common protocol deviation was
concomitant medication use (5% DPM, 7% control), of which starting and stopping
maintenance antibiotics were the main medication class (12 of 15 control patients, 6 of 10 DPM
patients, Source: Study 303 CSR, Table 14.1.2.1, p.153).

Table 5: Study 303 Major Protocol Deviations

Study 303
DPM (N=209) | Control (N=214)
Total 21 (10%) 31 (14.5%)
Concomitant medication 10 (4.8%) 15 (7%)
Compliance <60% 9 (4.3%) 12 (5.6%)
Non-compliance with maintenance medications 2 (1%) 4 (1.9%)
Randomized but not dosed 2 (1%) 1(0.5%)

Source: study 303 CSR p.69

The next most common MPD was inadequate compliance (<60%) (4% DPM, 6% control). Other
deviations were violation of inclusion criteria for maintenance medications and lack of dosing
post randomization.

Overall, given the balanced MPDs and the nature of the MPDs, it is unlikely that this impacted
the efficacy analysis.

Demographics and Baseline Characteristics

In study 303, the demographic characteristics between the two 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 and reasonable. The geographic contributions from the study sites are
shown; US 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 6.
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Table 6: Study 303, Demographics

Study 303
DPM (N=209) [ Control (N=214)
Age
Mean 26.8 (7.6) 28.6 (10.8)
Median (min,max) 25 (18,59) 25 (18,78)
Geography (23% contributors)
us 57 (27) 59 (28)
Non-US 152 (73) 155 (72)
Ukraine 31 (15) 32 (15)
Russia 21 (10) 20(9)
Poland 22 (11) 22 (10)
Hungary 9 (4) 8 (4)
Slovakia 8(4) 9 (4)
Canada 7 (3) 6 (3)
Italy 7 (3) 8 (4)
Bulgaria 6(3) 7 (3)
Gender
Female | 92(44) | 107 (50)
Race
Caucasian 202 (97) 209 (98)
African 4(2) 2 (1)

Source: Study 303 CSR, Table 10-2,11-2

In comparing these demographics to the prior studies 301 and 302, differences in age and
geography were noted. The mean and median ages were lower in studies 301 and 302, which is
not surprising, as these studies included patients <18 years of age, who accounted for
approximately 40-50% of the study 301 and 302 population. Also, study 301 had no U.S.
patients (UK ~60%, Australia ~25%) and study 302 had the largest U.S. contribution (59%). No
significant gender or race differences were noted.

With regard to baseline disease characteristics, in study 303, these were similar between
treatment groups. Mean time since CF diagnosis was approximately 20 years, mean baseline
FEV1 percent predicted was 63%, just under half were colonized with P. aeruginosa, and the
majority (67%) carried at least one F508del mutation (Table 7). These baseline characteristics
are fairly typical for an adult CF population. However, it should be noted that in the U.S. CF
population a larger percentage of patients carry at least one F508del mutation (86%). This
difference may be related to the fact that approximately 70% of patients were non-U.S. where
the mutational composition of the population may differ. Baseline disease characteristics are
summarized in Table 7.
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Table 7: Study 303, Baseline Disease Characteristics

Study 303
DPM (N=209) Control (N=214)

Mean Time to Diagnosis 20 years 20 years
Mean Age at Diagnosis 7 years 9 years
CFTR mutation

Homozygous F508del 55 (26) 48 (22)

Heterozygous F508del 91 (44) 89 (42)

Other known mutation 28 (13) 37 (17)

Both unknown 35(17) 40 (19)
Number of Hospitalizations associated with exacerbation in previous 12 months
0 121(58) 135 (63)
1 57 (27) 43 (20)
2 20 (10) 23 (11)
3 11 (5) 9 (4)
>3 0 4(2)
Screening Hemoptysis history

History of Hemoptysis 68 (33) 60 (28)

Multiple prior hemoptysis events 38 (56) 27 (45)

Prior massive* hemoptysis events? yes 3(4) 5(8)
Lung function at baseline

Mean FEV1 2.45L 2.38L

FEV1 % predicted, mean 63% 63%
CFQ-R respiratory domain scaled score

Mean 65.4 65.1

Median (min,max)

66.7 (16.7,100)

66.7 (5.6, 100)

Screening sputum microbiology

Pseudomonas aeruginosa (any) 93 (44.5) 93 (43.5)
Pseudomonas aeruginosa (mucoid) 66 (32) 62 (29)
Pseudomonas aeruginosa (non-mucoid) 41 (20) 46 (22)
Pseudomonas spp. (other) 6(2.9) 10 (4.7)

*Massive hemoptysis defined as 2240 mL in a 24-hour period and/or recurrent bleeding >100 mL per day over several days

Source: Study 303 CSR, Tables 11-3, 11-4, 11-6, 11-7, pp. 73-77

Baseline characteristics of patients in study 303 were generally similar to studies 301 and 302
with some minor differences expected based on age and geography; certain aspects were not
captured at screening in the older studies and cannot be compared. Sputum Pseudomonas
percentage, F508del mutation percentage (302 data only), and FEV1 % predicted were largely
similar across all three studies; CFQ-R respiratory domain scores, hemoptysis details, and

hospitalization information was not uniform or present in the prior studies to allow

comparison.
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Hemoptysis was a significant safety concern in the prior review cycle (see Section 3). As such,
the hemoptysis history at screening was reviewed. No significant imbalances in frequency,
timing, or severity of prior events were noted; minor differences were present showing DPM
patients to have a slightly higher frequency of prior multiple hemoptysis events (Table 7).
Hemoptysis frequency in study 303 was slightly higher than the previous studies (<20%),
understandably given the age differences of the population.

In review of baseline and concomitant medications, these were fairly balanced between DPM
and control arms in study 303. However, more new systemic corticosteroid use was reported in
DPM patients during the treatment period compared to control (10.5% DPM vs. 5.6% control).
The reason for this difference is not apparent, however, one possibility is that, given that
inhaled mannitol is known to cause bronchospasm/wheeze in susceptible individuals, it is
possible that the increase in new steroid use is related to episodes of wheeze/bronchospasm.
Although it should be acknowledged that based on adverse event analysis, no large differences
were observed between groups with regard to wheeze/bronchospasm.

Efficacy Results — Primary Endpoint

The primary endpoint for study 303 was change from baseline in FEV; over the 26-week
treatment period. FEV1 is a fairly typical primary efficacy variable used in CF drug development
programs, and has historically been used to support regulatory decision making. There was a
statistically significant difference in change from baseline in FEV1 over 26 weeks, when
comparing DPM to placebo (p=0.018). The adjusted mean difference between DPM and
placebo was 55 mL (95% Cl: 9 to 101 mL) (Table 8).

Table 8: Study 303, FEV1 Over 26 Weeks, BOCF Imputation Using Dropout Reason, ITT

Study 303
DPM (N=209) [ Control (N=214)
Change from baseline in FEV; over 26 weeks (days 43, 99, and 183)
Adjusted mean change from baseline 65 mL | 10 mL
Adjusted mean difference (95% Cl) p-value 55 mL (9 to 101 mL) p=0.018

Abbreviations: ITT=intention to treat: all subjects randomized; Cl=confidence interval; DPM=dry powder mannitol; BOCF=baseline observation
carried forward

Note: These results reflect “on study” estimates, as they include data collected after treatment discontinuation.

Source: FDA Statistical Reviewer

Multiple sensitivity analyses were performed for the primary endpoint, including an analysis
that utilized a Pattern Mixture Model (PMM) approach with multiple imputation. The Pattern
Mixture Model approach with multiple imputation handles missing data most appropriately
among the prespecified sensitivity analyses, from a regulatory and statistical perspective. It
assigns bad scores to bad outcomes such as dropout due to adverse events or lack of efficacy,
and assumes that missingness is at random for dropouts due to other reasons likely unrelated
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to treatment, such as moving. Multiple imputation accounts for statistical uncertainty in
parameter estimation due to data missingness. These results were consistent with those of the
primary analysis (Table 9).

Table 9: Study 303, Primary Endpoint. FEV1 Over 26 Weeks, Pattern Mixture Model with Ml
Using Dropout Reason, ITT

Study 303
DPM (N=209) | Control (N=214)
Change from baseline in FEV; over 26 weeks (days 43, 99, and 183)
Adjusted mean change from baseline 63 mL | 12 mL
Adjusted mean difference (95% Cl) p-value 51 mL (6 to 97 mL) p=0.028

Abbreviations: MI=multiple imputation; ITT=intention to treat: all subjects randomized; Cl=confidence interval; DPM=dry powder mannitol
Note: These results reflect “on study” estimates, as they include data collected after treatment discontinuation. For each imputed dataset, a
linear regression model was fit, and Huber-White sandwich estimates for the standard errors were used for the confidence intervals and p-
values.

Source: FDA Statistical Reviewer

Results of an “on-treatment” sensitivity analysis for this endpoint was also performed and did
not produce substantially different results.

A tipping point analysis was also performed to evaluate the robustness of the primary analysis
results across varying missing data assumptions. In the analysis, missing data with monotone
missingness patterns were multiply imputed assuming that missingness was at random among
those in the same treatment group and country group, with the same rhDNase use, and with
comparable FEV1 values from screening through Week 26. These imputed values were then
shifted for each patient by a value & that corresponded to the patient’s treatment arm. The
results over a range of reasonable by-arm shift (§) values are summarized in Table 10. For the
majority of scenarios (shaded in green), though not all (shaded in red), the statistical
significance was maintained. This suggests that the primary analysis results are somewhat
robust to violations of missing data assumptions, which was expected from relatively low and
proportionate missingness rates between treatment groups. If FEV; values after study
discontinuation in the control arm followed the same trend as those of comparable control
patients who remained in the study through Week 26, then in order to tip to a lack of statistical
significance, FEV; values after study discontinuation in the DPM arm, on average, would have
had to be 100 mL lower than those of comparable DPM patients who remained in the study
through Week 26. The results of the sensitivity analyses supported the robustness of the
primary analysis to violations of assumptions regarding data missingness mechanisms.

58

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

Table 10: Study 303, FEV1 Over 26 Weeks, Tipping Point Analysis, ITT

S,
-100mL | -50mL omL 50 mL 100 mL
40 mL 44 mL 47 mL 51 mL 55 mL
100mL | (-7to87) | (3t090) | (1to94) (5t097) | (9to101)
p=0.093 | p=0.066 | p=0.045 p=0.031 p=0.020
43 mL 46 mL 50 mL 54 mL 57 mL
50mL | (4to89) | (0to93) | (4to96) | (7to100) | (11to 103)
p=0.073 | p=0.051 | p=0.034 p=0.023 p=0.015
45 mL 49 mL 53 mL 56 mL 60 mL
5.| omL | (-1t092) | (3t095) | (6t0o99) | (10to102) | (14 to 106)
p=0.057 | p=0.039 | p=0.026 p=0.017 p=0.011
48 mL 52 mL 55 mL 59 mL 63 mL
S50mL | (1to95) | (5t098) | (9to102) | (13to105) | (17 to 109)
p=0.044 | p=0.030 | p=0.019 p=0.012 p=0.008
51 mL 54 mL 58 mL 62 mL 65 mL
-100mL | (4t097) | (8to101) | (12to 104) | (15t0 108) | (19 to 111)
p=0.034 | p=0.022 | p=0.014 p=0.009 p=0.006

Note: Missing data with monotone missingness patterns were multiply imputed assuming that missingness was at random among those in the

same treatment group and country group, with the same rhDNase use, and with comparable FEV; values from screening through Week 26. The
imputed values for patients in the DPM group were then shifted by §,, while the imputed values for patients in the Control group were instead

shifted by &, before analyzing the imputed datasets.

Source: Applicant’s Response to FDA Request dated February 13, 2019

While the results for the primary endpoint were statistically significant based on the pre-
specified analysis and supported by the sensitivity analyses, the magnitude of the effect size
was small, corresponding to approximately 1.2% in terms of percent predicted FEV;.

Studies 301 and 302

The primary endpoint for each of studies 301 and 302 was identical to that for study 303.
While these studies were reviewed during the previous NDA cycle, they are presented here for
consideration of the totality of the available efficacy data. During the previous NDA review
cycle, the Agency found that the effect sizes estimated using Applicant’s prespecified MMRM
analysis method were unreliable and likely overestimated due to issues regarding missing data.
First, the primary analyses excluded patients who had no post-baseline FEV; values. In study
301, the number of such patients was notable with over 10% in DPM group and with about 5%
in control group, and these patients withdrew mostly due to adverse events within the first
month. Second, the MMRM model assumed that data missingness was at random, such that
patients maintained a treatment benefit even after they discontinued from study, likely also
discontinuing treatment. The assumption was not supported by trial data. About 37% of the
DPM group withdrew from study before 26 weeks, while about 27% of the control group
withdrew from study. Last, unlike in study 303, valid use of a treatment policy estimand in
these studies for inference was not possible, due to patients being withdrawn from study once
they discontinued treatment, with no further data collection that would facilitate the targeting
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of this estimand, which is an important consideration from a regulatory viewpoint (see section
3.8 FDA Division Memorandum From January 2013 PADAC Meeting for a summary of the
statistical issues). Primary endpoint results based on the Applicant’s pre-specified MMRM
approach for studies 301 and 302 are summarized in Table 11. Note that this includes patients
<18 years of age.

Table 11: Studies 301 and 302, FEV1 Over 26 Weeks, Patients 26 Years, No Imputation, MITT

Study 301 DPM (N=157) Control (N=112)
Adjusted mean change from baseline 118 mL 35mL
Adjusted mean difference (95% Cl) p-value 83 mL (40 to 127 mL) p<0.001
Study 302 DPM (N=177) Control (N=120)
Adjusted mean change from baseline 107 mL 52 mL
Adjusted mean difference (95% Cl) p-value 54 mL (-2 to 110 mL) p=0.059

Abbreviations: Cl=confidence interval; DPM=dry powder mannitol

Note: These results were calculated using data from patients of age >6 years. These results reflect “on treatment”
estimates, as the studies were not designed to collect data after treatment discontinuation. MITT was defined as
all ITT patients who had at least one post-baseline FEV1 value, and ITT was defined as all randomized who received
at least one study medication.

Source: Pulmonary-Allergy Drugs Advisory Committee Meeting January 30, 2013 briefing document, Table 4, p. 14

The results for the primary endpoint for study 302 were not statistically significant; and while
the results for the primary endpoint for study 301 were statistically significant, as noted during
the previous review cycle, the Applicant’s pre-specified primary analysis was problematic due
to statistical issues as noted above. Because of these issues, multiple sensitivity analyses were
performed. Based on these analyses, significant concerns were raised regarding the robustness
of the treatment effect on FEV1:. Moreover, during review and at the previous PADAC (January
30, 2013), additional concerns were raised due to the relatively modest effect sizes observed in
studies 301 and 302. This concern played a role in the PADAC’s recommendation against
approval in the last review cycle. In that context, it is worth noting that the FEV; effect size
observed in study 303 is numerically smaller than that observed in study 301 and similar to that
of study 302.

Studies 301 and 302 — Adults Only (post-hoc)

Because in this review cycle, the Applicant has revised their target patient population to include
only patients 218 years of age, the Division has performed an analysis in the 218-year-old
patients from study 301 and 302. With the caveats that the concerns regarding missing data
and differential drop-out still apply and given that this is a post-hoc analysis, results of 218-
year-old patients in studies 301 and 302 are summarized in Table 12. Note that randomization
in studies 301 and 302 was 3:2 (DPM: control). The PMM model with multiple imputation was
used in this analysis, as this was felt to handle missing data most appropriately among the
proposed sensitivity analyses from the regulatory and statistical perspective. Furthermore,
Huber-White sandwich estimates for the standard errors were used to relax the
homoscedasticity assumption in the model fits. These results are generally consistent with
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those of the overall population, though the FEV1 effect size appears somewhat larger.
However, it should be noted that given the post-hoc nature of this analysis and previously
noted issues with studies 301 and 302, interpretation of these results should be guarded.

Table 12: Studies 301 and 302, FEV1 Over 26 Weeks, Pattern Mixture Model with MlI, ITT,
Patients 218 Years

Study 301 DPM (N=124) Control (N=85)
Adjusted mean change from baseline 93 mL 15mL
Adjusted mean difference (95% Cl) p-value 78 mL (21 to 135 mL)

Study 302 DPM (N=97) Control (N=60)
Adjusted mean change from baseline 75 mL -2 mL
Adjusted mean difference (95% Cl) p-value 78 mL (2 to 153 mL)

Abbreviations: MlI=multiple imputation; ITT=intention to treat: all subjects randomized; Cl=confidence interval; DPM=dry powder mannitol
Note: For each imputed dataset, a linear regression model was fit, and Huber-White sandwich estimates for the standard errors were used for
the confidence intervals.

Source: FDA Statistical Reviewer

In summary, for the primary endpoint, only trials 301 and 303 demonstrated statistically
significant treatment effect based on the respective, pre-specified primary analyses. However,
as noted above, due to differential drop-out and missing data, results from study 301 for the
overall population (26-year-olds) were not statistically robust. Additionally, across all studies,
the effect size was consistently modest across multiple analyses. Given these observations,
other clinically relevant endpoints must be carefully considered in assessing the clinical benefit
of DPM.

Data Quality and Integrity

No clear issues were uncovered in data quality or data integrity.

Efficacy Results — Secondary endpoints

The secondary endpoints for study 303 were as follows:

1. FVC change from baseline over 26 weeks

Time to 15 PDPE

Days on antibiotics (oral, inhaled, intravenous) due to PDPE
Days hospitalized due to PDPE

Rate of PDPE over 26 weeks

CFQ-R respiratory domain score

ouewWwN

Secondary endpoints 1-5 (key secondary endpoints) were analyzed in a hierarchical manner
such that if the previous endpoint failed to reach statistical significance, the subsequent
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endpoints were not considered statistically significant. CFQ-R respiratory domain score was a
non-hierarchical secondary endpoint.

FVC over 26 weeks

For the first secondary endpoint of change from baseline in FVC over 26-weeks, there was a 36
mL (95% Cl: -15 to 87 mL) difference between the DPM group compared to control, based on
the FDA statistician’s analysis. This was not statistically significant (p=0.169). Given the
hierarchical analysis structure, all subsequent secondary endpoints were not considered
statistically significant.

Exacerbation related endpoints

In CF development programs, exacerbation related endpoints, when exacerbation is
appropriately defined in the protocol, are considered clinically meaningful and weigh heavily in
evaluations of efficacy. In study 303, the definition used for exacerbation for PDPE is
appropriate, and statistically significant findings for the PDPE related endpoints would have
been considered clinically meaningful.

Results for the primary analyses of PDPE related secondary endpoints for study 303 are
summarized in Table 13. As the first hierarchical secondary endpoint failed, none of the PDPE
related endpoints can be considered statistically significant. The analyses for these endpoints
were performed according to the prespecified primary analysis methods described in the SAP
for study 303. This includes the prespecified imputation procedure in the analysis for PDPE rate,
for patients who withdrew from the study with no observed PDPEs. The results in Table 13 are
consistent with results presented in the Applicant’s clinical study report for this study.

Table 13: Study 303, Exacerbation Related Secondary Endpoints, ITT, Treated

Secondary Endpoint (szzh(;lg) (cl\?:ztizl) Ratio 95% ClI
Time to 15 PDPE HR: 1.14 0.67to 1.94
Days on antibiotics (oral, inhaled, 1V) )
due to PDPE 6.0 days 7.9 days ARR: 0.75 0.20t0 2.85
Days in hospital due to PDPE 1.2 days 0.9 days ARR: 1.27 0.32to0 5.15
PDPE rate per patient per year

0.349 0.226 ARR: 1.55 0.99t02.41
(Rate of PDPE over 26 weeks)* ©

Abbreviations: ITT=intention to treat: all subjects randomized; HR=hazard ratio; ARR=adjusted rate ratio; DPM=dry
powder mannitol; PDPE=protocol defined pulmonary exacerbations; IV=intravenous; Cl=confidence interval
* This analysis implemented the imputation procedure prespecified for the primary analysis in the statistical

analysis plan for study 303 for patients who withdrew from study with no PDPE.
Note: Only treated patients are included in the statistical analysis using negative binomial model.

Source: FDA Statistical Reviewer
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Results across all exacerbation related endpoints were consistent in that none were statistically
significant, and 95% Cls included the null for all parameters. For time to first exacerbation and
days in hospital due to exacerbation, results do not suggest a clinical benefit, with a hazard
ratio (HR) and adjusted rate ratio (ARR) of 1.1 and 1.3, respectively, and 95% Cls that contain
the null value of 1. For PDPE rate, rates also trended higher for DPM patients compared to
control, with a 95% Cl lower limit near 1 [adjusted rate ratio 1.55 (95% Cl 0.99, 2.41)]. For days
on antibiotics, the point estimate for the rate ratio is <1. However, the 95% Cl was wide and
contained the null value of 1. It is also worth noting that the difference in number of days
between DPM and control for antibiotics (6 versus 8 days) are minimal. Moreover, in the
clinical care of patients with CF, choices regarding length of antibiotic treatment are often
based on factors outside of a patient’s clinical status.

The prespecified imputation procedure for the primary analysis of PDPE rate assumed that
patients with no observed PDPEs who withdrew from the study before Week 26 would have
PDPE rates after study withdrawal similar to their historical (prior 12 months) pulmonary
exacerbation rate. However, because this was a single imputation approach, the resulting
confidence intervals and p-values may have overestimated the precision in parameter
estimation. Because of this, a post-hoc analysis of PDPE rate was performed using a Pattern
Mixture Model multiple imputation procedure.

In this analysis, for each patient who withdrew from the study before Week 26, the number of
PDPEs between the time of withdrawal and Week 26 was imputed. There were two imputation
models used: (1) one for patients who withdrew from the study due to adverse events, death,
physician decision, or lack of efficacy, to be applied regardless of treatment arm; and (2) one for
patients who withdrew from the study due to other reasons, to be applied to each treatment
arm separately. Each imputation model included as covariates rhDNase use and country group.
However, the former model assumed that the number of imputed PDPEs would follow a rate
similar to historical (prior 12 months) pulmonary exacerbation rates of comparable patients,
while the latter model assumed that the number of imputed PDPEs would follow a rate similar
to the PDPE rate of comparable study completers within the same treatment arm. The results in
Table 14 were computed from one thousand such imputed datasets.

Table 14: Study 303, PDPE Rate, PMM, ITT

Study 303
DPM (N=209) | Control (N=214)
PDPE Rate
Adjusted Rate 0.27 | 0.20
Adjusted Rate Ratio (95% Cl) 1.35(0.81 to 2.26)

Abbreviations: PDPE=Protocol Defined Pulmonary Exacerbation; PMM=Pattern Mixture Model; [TT=intention to treat: all subjects randomized;
Cl=confidence interval; DPM=dry powder mannitol
Source: Applicant’s Response to FDA Request dated May 21, 2019
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With this analysis, the adjusted rate ratio for PDPE rate is estimated to be 1.35, when
comparing DPM to control. The data are consistent with the adjusted rate ratio being between
0.81 and 2.26. The results of this post-hoc analysis are somewhat consistent with the results of
the prespecified primary analysis.

Taken as a whole, the exacerbation data are not supportive of efficacy, with the majority of the
exacerbation related endpoints trending in favor of control.

Studies 301 and 302 also include PDPE rate as a secondary endpoint. The definition used for
exacerbation was the same as in study 303. Results from studies 301 and 302 provide context
for the study 303 exacerbation related results. Of note, these analyses from 301 and 302
suffered from the same issue as the Applicant’s primary analyses for the primary endpoint, as
they were done without accounting for the unequal differential drop out of patients seen in
studies 301 and 302. The adjusted rate ratio for PDPE rate per person per year in patients 26
years of age (ITT) was 0.74 (0.47,1.18) for study 301 and 0.95 (0.57,1.58) for study 302;
however, the numerical difference in exacerbation rate between DPM and control could be a
result of the differential early discontinuation rates. Other exacerbation related secondary
endpoints were included in studies 301 and 302, however, these data are not presented as
there was no correction for multiplicity and results were consistent with PDPE rate (adjusted
odds/rate ratios with 95% Cl including null). Given the focus on adults, an analysis of this
subpopulation for studies 301 and 302 for PDPE rate is presented (Table 15).

Table 15: Studies 301 and 302, Adjusted PDPE Rate per Person per Year, No Imputation, ITT,
Treated, Patients 218 Years

Study 301 DPM (N=114) Control (N=76)
Mean rate 0.73 0.95
Adjusted rate ratio (95% Cl) 0.77 (0.47 to 1.26)

Study 302 DPM (N=93) Control (N=58)
Mean rate 0.32 0.24
Adjusted rate ratio (95% Cl) 1.35(0.56 to 3.24)

Abbreviations: ITT=intention to treat: all subjects randomized; Cl=confidence interval; DPM=dry powder mannitol
Note: Only treated patients are included in the statistical analysis using negative binomial model.
Source: FDA Statistical Reviewer

While for studies 301 and 302, adjusted rate ratios for PDPE had point estimates of <1 in the
overall populations and for the adult population in study 301, given the noted statistical issues
with studies 301 and 302, interpretation is confounded. As such one cannot make definitive
conclusions, other than that these exacerbation data from studies 301 and 302 are not clearly
supportive of efficacy.

To summarize, based on the exacerbation related endpoint results, none of the three studies

provide strong supportive evidence for efficacy. In fact, some of the exacerbation endpoints in
study 303 show a negative numerical trend on exacerbation effect in DPM treated patients.
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CFQ-R respiratory domain score

The CFQ-R is a patient reported outcome that captures quality of life information for CF
patients. The respiratory domain specifically assesses for respiratory symptoms. The CFQ-R
respiratory domain (CFQ-RRD) score is used commonly in clinical studies evaluating CF
therapies and has been included in approved labeling for some CF products.

In Study 303, while the CFQ-RRD score increased in DPM patients (0.308) and decreased in
control patients (-0.562), the difference was neither statistically nor clinically meaningful based
on the SAP-specified analysis. The difference between DPM and control treated patients was
0.87 (95% Cl: -1.4, 3.1, p=0.53).

These CFQ-RRD data are consistent with that observed in study 301 and 302, where there were
no statistically significant differences between DPM and control treated patients. CFQ-RRD
data across all three studies are not supportive of a treatment benefit.

In summary, results across all the reviewed secondary endpoints are consistent in that none
demonstrated a statistically significant benefit of DPM over control. These secondary endpoint
results do not provide additional support for efficacy.

Dose/Dose Response

Dose response was not evaluated in study 303, and dose exploration and dose ranging studies
were reviewed in the prior review by Dr. Kimberly Witzmann dated February 11, 2013. Briefly,
study 202 served as a pivotal dose ranging study and demonstrated the 400mg dose twice daily
to have the largest effect and a 40mg dose twice daily to have no effect or slight worsening. In
light of the absent response with the 40mg twice daily dose, 50 mg twice daily was chose as
control for the phase 3 studies, in order to match the sweet taste of mannitol.

Durability of Response

As CF is a chronic condition and DPM would be a chronic therapy, efficacy data should support
that the treatment benefit is durable over time. As noted in Section 8.1.1 of this review, the
primary efficacy endpoint of Change from Baseline Over 26 Weeks in FEV1 puts a weight of 83%
on change occurring during the first 14 weeks of the 26-week period, and a weight of only 17%
on change occurring during the last 12 weeks of the 26-week period.

Therefore, to assess durability of response, the FEV1 effect was assessed using landmark
analyses (e.g. change from baseline at the end of the 26-week treatment period). In study 303,
the change from baseline in FEV1 at 26 weeks was such that the 95% Cl included the null, and
the observed treatment effect size was numerically lower in magnitude than that for the
primary endpoint and for FEV1 at the Week 6 and Week 14 timepoints. These data from study
303 suggest that the FEV; effect may lack durability. A similar post-hoc analysis was performed
for adults in studies 301 and 302. In contrast to study 303, in studies 301 and 302, such a
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waning of effect over time was not observed. Change from baseline in FEV; at weeks 6, 14, and
26 in patients 218 years are summarized in Table 16.

Table 16: Studies 301, 302, and 303, FEV1 at Weeks 6, 14, and 24. Pattern Mixture Model with
MI, ITT, Patients 218 Years

Study 301 Study 302 Study 303
Week FEV1 DPM Control DPM Control DPM Control
N=124 | N=85 N=97 N=60 | N=209 | N=214
Changefrom | .o | eamL | 127mL | 29mL | 78mL | 18mL
baseline, mean
Week® | it rence 51 mL 88 mL 60 mL
95% Cl (-13 to 115 mL) (15 to 161 mL) (11 to 109 mL)
Changefrom | oo | omL | somL 7 mL 72mL | 17 mL
baseline, mean
Week 14 | it rence 38 mL 43 mL 56 mL
95% Cl (14 to 163 mL) (-42 to 129 mL) (2 to 109 mL)
Changefrom | o | 18mL | somL | -42mL | 38mL | omL
baseline, mean
Week26 | et rence 95 mL 102 mL 39 mL
95% Cl (13 to 178 mL) (-16 to 219 mL) (-18 to 96 mL)

Abbreviations: Ml=multiple imputation; ITT=intention to treat: all subjects randomized; Cl=confidence interval;
DPM=dry powder mannitol; FEVi=forced expiratory volume in one second
Note: For each imputed dataset, a linear regression model was fit, and Huber-White sandwich estimates for the
standard errors were used for the confidence intervals.
Source: FDA Statistical Reviewer

Using an “on-treatment” approach for study 303, results at week 6, week 14, and week 26 for
change from baseline in FEV;1 were similar.

Persistence of Effect

There are no data to support a persistence of effect after treatment discontinuation. Also, given
the known MOA and pharmacokinetics of DPM, it is not considered likely that an effect would
persist after treatment discontinuation.

Efficacy Results — Exploratory COA (PRO) endpoints

Refer to CFQ-RRD section in the above Efficacy Results - Secondary Endpoint section. No other
clinically relevant PRO endpoints are noted in phase 3 studies.
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Additional Analyses Conducted on the Individual Trial

Subpopulations:
U.S. versus non-U.S.: FEV1

Additional analyses were performed for subgroups of patients according to whether they were
or were not from U.S. sites. These post-hoc analyses were undertaken because the U.S.
population is ultimately the population of interest, and it is possible that regional differences in
standard of care could impact the treatment effect. It appears that the effect size in terms of
FEV1 over 26 weeks in the U.S. population is somewhat numerically larger than that observed in
the non-U.S. population, however, the magnitude remains modest, and it may be due to
decreases in the control group. As these were post-hoc analyses on a relatively small subset of
patients, the ability to make definitive conclusions is limited. These data are summarized in
Table 17

Table 17: Study 303, FEV1 Over 26 Weeks by Region, BOCF Imputation Using Dropout Reason,
ITT

U.S. Population DPM (N=57) Control (N=59)
Adjusted mean change from baseline 57 mL -11mL
Adjusted mean difference (95% Cl) 68 mL (-21 to 156 mL)
Non-U.S. Population DPM (N=152) Control (N=155)
Adjusted mean change from baseline 77 mL 27 mL
Adjusted mean difference (95% Cl) 50 mL (-3 to 104 mL)

Abbreviations: ITT=intention to treat: all subjects randomized; Cl=confidence interval; DPM=dry powder mannitol;
FEVi=forced expiratory volume in one second; BOCF=baseline observation carried forward

Note: Results were calculated using the primary analysis model, except that an interaction term between
treatment and region was included. These results reflect “on study” estimates, as they include data collected after
treatment discontinuation.

Source: FDA Statistical Reviewer

A similar post-hoc subgroup analysis was performed for the subgroup of adult patients from
U.S. sites from study 302. This analysis was not performed for study 301, as study 301 was
entirely non-U.S. As in study 303, the effect size in terms of FEV1 over 26 weeks in the U.S.
population is somewhat larger to that observed in the non-U.S. population. This is summarized
in Table 18.
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Table 18: Study 302, FEV: Over 26 Weeks by Region, Pattern Mixture Model with M|, ITT,
Patients 218 Years

U.S. Population DPM (N=57) Control (N=36)
Adjusted mean change from baseline 63 mL -21mL
Adjusted mean difference (95% Cl) 84 mL (-1 to 169 mL)
Non-U.S. Population DPM (N=40) Control (N=24)
Adjusted mean change from baseline 87 mL 19mL
Adjusted mean difference (95% Cl) 68 mL (-69 to 206 mL)

Abbreviations: Ml=multiple imputation; ITT=intention to treat: all subjects randomized; Cl=confidence interval;
DPM=dry powder mannitol; FEVi=forced expiratory volume in one second

Note: Results were calculated using the original Pattern Mixture Model, except that an interaction term between
treatment and region was included.

Source: FDA Statistical Reviewer

These results are consistent with the primary analysis, but may also suggest that the FEV; effect
size in both the U.S. population may be somewhat larger in magnitude compared to non-U.S.
population, however, it is still modest in magnitude. As these were post-hoc subgroup analyses
in a relatively small subset of patients, the ability to make any definitive conclusion is limited.

U.S. versus non-U.S.: Exacerbation

Given that the subgroup analyses suggested a potential larger effect size in U.S. patients in
terms of FEV1, post-hoc analyses of the U.S. and non-U.S. population were also performed for
each of the exacerbation related secondary endpoints for study 303. These results are
summarized in Table 19.
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Table 19: Study 303, Exacerbation Related Secondary Endpoints, by Region and Overall, ITT,
Treated

U.S. Population Non-U.S. Population Overall
Endpoint DPM Control DPM Control DPM Control
(N=56) (N=59) (N=151) (N=155) (N=207) (N=214)
Time to first
PDPE, HR (95% 2.02 0.87 1.14
a) (0.78 to 5.22) (0.46 to 1.66) (0.67 to 1.94)
# Days on
antibiotics due 0.96 0.70 0.75
to PDPE, ARR (0.09 to 10.51) (0.15 to 3.09) (0.20 to 2.85)
(95% CI)
# Days in
hospital due to 1.39 1.24 1.27
PDPE, ARR (95% (0.10 to 18.67) (0.27 t0 5.78) (0.32t0 5.15)
cl)
PDPE rate, ARR 2.93 1.06 1.55
(95% CI)* (1.36 to 6.32) (0.61 to 1.86) (0.99 to 2.41)
PDPE rate, ARR 2.29 1.05 1.35
(95% cI1)* (0.89 to 5.89) (0.56 to 1.97) (0.81 to 2.26)

Abbreviations: ITT=intention to treat: all subjects randomized; Cl=confidence interval; DPM=dry powder mannitol;
PDPE=protocol defined pulmonary exacerbations; HR=hazard ratio; ARR=adjusted rate ratio

Note: Only treated patients are included in the statistical analysis using a negative binomial model. To get by-
region estimates, the model was refit with the addition of an interaction term between treatment and region.

* This analysis implemented the imputation procedure prespecified for the primary analysis in the statistical
analysis plan for study 303 for patients who withdrew from study with no PDPE.

* This post-hoc analysis implemented the same Pattern Mixture Model multiple imputation procedure as for the
analysis used to generate results for Table 14.

Sources: FDA Statistical Reviewer and Applicant’s Response to FDA Request dated May 21, 2019

Contrary to the FEV1 data, for all exacerbation related endpoints, the response was numerically
worse in the U.S. versus non-U.S. population. This was most notable for PDPE rate, where in
the prespecified primary analysis the adjusted rate ratio doubled to 2.93 with a 95% Cl that
excluded the null. When a similar analysis was performed for study 302 for PDPE rate and time
to first PDPE in adult patients, results were similar, in that the response was numerically worse
in U.S. adult patients compared to non-U.S. adult patients, though the 95% Cls did not exclude
the null. Similar trends were observed in an additional analysis of PDPE rate in study 303 that
incorporated a Pattern Mixture Model multiple imputation approach. As noted previously, as
these are post-hoc analyses in a relatively small subset of patients, the ability to make definitive
conclusions is limited.

U.S. versus non-U.S.: CFQ-R Respiratory domain (CFQ-RRD) score

A post-hoc subgroup analysis was also performed on the CFQ-RRD score for U.S. versus non-
U.S. population. Results were consistent with the exacerbation subgroup analyses with a

69

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

numerically diminished treatment effect in the U.S. population. These data are summarized in
Table 20. The difference in change from baseline in CFQ-RRD score for DPM versus control in
U.S. patients was negative suggesting worsening of symptoms, whereas for non-U.S. patients
this difference was positive. However, as these are post-hoc analyses in a relatively small subset
of patients, the ability to make definitive conclusions is limited.

Table 20: Study 303, Change in CFQ-R Respiratory Domain Scores, by Region and Overall, ITT
CFQ-RRD U.S. Population Non-U.S. Population Overall
Endooint DPM Control DPM Control DPM Control

P (N=56) (N=59) (N=151) (N=155) (N=207) (N=214)
Adjusted mean
change from -1.79 1.01 1.20 -1.05 0.36 -0.54
baseline
jiﬁ';;i‘;’::wry -2.80 2.25 0.90
difference (95% Cl) (-7.21to0 1.61) (-0.41 to0 4.91) (-1.38 t0 3.19)

Abbreviations: ITT=intention to treat: all subjects randomized; Cl=confidence interval; DPM=dry powder mannitol;
CFQ-R=Cystic Fibrosis Questionnaire—Revised

Note: By-region results were calculated by refitting the primary analysis model with the addition of an interaction
term between treatment and region.

Source: FDA Statistical Reviewer

Subgroup analysis limitations notwithstanding, taken as a whole, the subgroup analyses of U.S.
versus non-U.S. patients does not offer additional support for efficacy in terms of FEV4, CFQ-
RRD, and exacerbation, and may raise some safety concern given the exacerbation results.

Other subpopulations

The sample estimates of the treatment effect in change from baseline in FEV; over 26 weeks
among subgroups (specifically, age, gender, region, rhDNase use, and percent predicted FEV)
were based on a linear regression model using Huber-White sandwich estimates, adjusting for
treatment effect. There were some random highs and random lows in sample estimates of
subgroup treatment effects due to the number of subgroups considered and the large
variability for some subgroups. This review includes shrinkage estimates of subgroup
treatment effects using a Bayesian hierarchical model based on summary sample estimates.
The total variability in the sample estimates, i.e., the estimated mean change from baseline in
FEV1 over 26 weeks comparing DPM to control, is the sum of the within-subgroup variability of
the sample estimator and the across-subgroups variability in underlying/true parameter values.
A shrinkage estimate of the subgroup treatment effect, which borrows information from the
other subgroups while estimating the treatment effect for a specific subgroup, is a “weighted”
average of the sample estimate and overall estimate. The same flat prior was used to derive
shrinkage estimates for all subgroups. The Bayesian hierarchical model assumptions are:
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Fori € {1,2,...}, Y; represents the estimated mean change from baseline in FEV; over 26 weeks
in a subgroup level i, assuming the distribution of Y; is approximately N (y;, aiz), where

e o7 is the estimated variance of the change from baseline in FEV1 over 26 weeks in

subgroup level i

e pi~N(u1?)

e u~ N(0,200%), 1,'12 ~ Gamma(0.001,0.001)
The results of the sample estimates and the shrinkage estimates of treatment effects in the
same subgroups, are presented in Table 21. The sample sizes were not sufficient to conduct
multi-way subgroup analyses. Therefore, results were presented for marginal subgroups. These
subgroup analysis results by demographic subgroups were largely consistent with findings in
the overall population, based on change from baseline in FEV1 over 26 weeks.

Table 21. Subgroup Analysis for Age, Gender, Region, rhDNase Use, and Percent Predicted
FEV,, for Change from Baseline in FEV; (mL) Over 26 Weeks

St N Samplt? Treatment Effect Shrinkag.e Treatment Effect
Estimate (95% Cl) Estimate (95% Pl)

Overall 423 51 (6to97) --

At Least Median Age 230 65 (9 to 120) 56 (11 to 102)
Below Median Age 193 37 (-41 to 115) 53 (3 to 102)
Female 199 -15 (-65 to 36) -1 (-56 to 54)
Male 224 110 (37 to 183) 83 (-3to 168)
us 116 59 (-27 to 145) 52 (-2 to 105)
Non-US 307 48 (-6 to 103) 51 (3 to 98)
rhDNase Use 286 27 (-26 to 79) 40 (-9 to 90)
No rhDNase Use 137 103 (12 to 195) 58 (-13 to 129)
Percent Predicted FEV: 2 50% | 326 31(-20 to 82) 43 (-5to 90)
Percent Predicted FEV1<50% | 97 122 (18 to 227) 65 (-18 to 148)

Abbreviations: Cl = confidence interval; Pl=prediction interval

[Source: Statistical Reviewer]

Subgroup analyses were also performed based on similar parameters for studies 301 and 302.

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 3, Figure 4, Figure 5, Table 22). These analyses included only
those patients 218 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 FEV; 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
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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 line.

Figure 3: Study 301 Continuous Responder Analysis, Patients 218 Years, ITT
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10%

0%
Pex 2-0200 2-0150 2-0100 20050 20000 20050 20100 20150 20200 20250 20300 20350 20400
Mannitol 100% 52% 50% 47% 44% 40% 35% 31% 27% 19% 17% 12% 10% 8%
Control 100% 55% 54% 41% 39% 31% 24% 20% 12% 9% 5% 4% 2% 2%
Change from baseline in FEV1 (L)

Abbreviations: ITT=intention to treat: all subjects randomized
Source: FDA Statistical Reviewer

Figure 4: Study 302 Continuous Responder Analysis, Patients 218 Years, ITT

0%
e E-DF00 20150 2-0100 2-0050 20000 20050 20100 20150 =0200 20250 20300 20350 =0400
Mannitol 100% 64% 60% 54% 51% 45% 40% 36% 26% 21% 16% 11% 11% 9%
Control 100% 62% 53% 50% 43% 33% 28% 25% 22% 20% 17% 12% 10% 8%
Change from baseline in FEV1 (L)

Abbreviations: ITT=intention to treat: all subjects randomized
Source: FDA Statistical Reviewer
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Figure 5: Study 303 Continuous Responder Analysis, ITT

80%

30%

sex 20200 ®-0.150 *-0.100 >-0.050 =0000 =0050 =0100 =050 =0.200 =0250 =0300 =0350 =0.400

Mannitol 100% 71% 70% 60% 55% 45% 41% 35% 29% 24% 20% 14% 11% 8%

Control 100% 77% 71% ©64% 50% 42% 34% 24% 18% 12% 10% 8% 7% 6%
Change from baseline in FEV1 (L)

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 many of the thresholds across all three studies, the
95% Cl for the odds ratio of DPM to control groups included the null (see Table 22 for the 50,
75, 100, 200, 300, and 400 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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Table 22: Studies 301, 302, and 303, Responder Analyses, ITT, Patients 218 Years
Study Threshold DPM Control Adjusted Odds Ratio (95% Cl)
N=124 N=85
50mL | 43 (34.7%) | 20 (23.5%) 1.67 (0.89 to 3.20)
75 mL 40 (32.3%) | 18(21.2%) 1.71 (0.90 to 3.37)
Study301 [ 100mL | 38(30.6%) | 17(20.0%) 1.70 (0.88 to 3.40)
200 mL | 24 (19.4%) 8 (9.4%) 2.23 (0.97 to 5.63)
300mL | 15(12.1%) | 3(3.5%) 3.62 (1.14 to 16.07)
400 mL 10 (8.1%) 2 (2.4%) 3.42 (0.85 to 22.86)
N=97 N=60
50mL | 39(40.2%) | 17 (28.3%) 1.72 (0.86 to 3.54)
75 mL 37 (38.1%) | 15(25.0%) 1.86 (0.92 to 3.92)
Study302 [ 100mL | 35(36.1%) | 15 (25.0%) 1.70 (0.83 to 3.58)
200 mL | 20(20.6%) | 12 (20.0%) 1.03 (0.46 to 2.38)
300mL | 11(11.3%) | 7(11.7%) 0.97 (0.35 to 2.84)
400 mL 9 (9.3%) 5 (8.3%) 1.13 (0.36 to 3.93)
N=209 N=214
50mL | 84 (40.6%) | 72 (33.6%) 1.35 (0.91 to 2.01)
75 mL 76 (36.7%) | 62 (29.0%) 1.43 (0.95 to 2.15)
Study303 [ 100mL | 72(34.8%) | 51 (23.8%) 1.71 (1.12 to 2.63)
200 mL | 49(23.7%) | 25(11.7%) 2.36 (1.40 to 4.05)
300 mL | 30(14.5%) 18 (8.4%) 1.86 (1.01 to 3.51)
400mL | 17(8.2%) | 12(5.6%) 1.51 (0.71 to 3.32)

Abbreviations: Cl=confidence interval; DPM=dry powder mannitol, ITT=intention to treat: all subjects randomized
Source: FDA Statistical Reviewer

Integrated Review of Effectiveness

This review focuses mainly on study 303. As noted in the prior sections, the prior review cycle
dealt with studies 301 and 302 however problems raised in that cycle were such that the target
population was changed to adults only. As noted in the regulatory history, the Applicant was
asked to submit one additional study, a “tie breaker” study, and resubmit.

As noted in the above efficacy sections, results from studies 301 and 302 from the prior review
cycle were discussed for context in addition to study 303. As this review focuses mainly on
study 303 as the most recently submitted study in the current review cycle, but draws on post-
hoc analyses from studies 301 and 302, a separate integrated review of effectiveness for study
303 is not present. Please refer to section 8.1.3.
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8.1.3. Integrated Assessment of Effectiveness

The evaluation of efficacy in the >18-year-old population is based on three phase 3 studies
(301, 302, and 303), two of which (301 and 302) were reviewed in the previous NDA cycle.
Studies 301 and 302 included patients >6 years of age, and study 303 included patients >18
years of age. 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 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, regardless of the analysis used, the
treatment effect size across all studies was modest. Additionally, the durability of the
treatment effect, an important consideration for medication intended for chronic use, as
assessed by landmark analyses at 26 weeks in study 303, was not supportive, with results
suggesting a decrease in the already modest treatment effect size at 26-weeks versus earlier
timepoints. Given the above, secondary endpoints were evaluated for additional support for
efficacy.

The exacerbation and symptom related secondary endpoints, across all three phase 3 studies,
offered little support for efficacy. In no cases were differences between DPM and control
statistically significant. Additionally, in the most statistically robust study (303), for the majority
of these endpoints (time to first PDPE, days hospitalized for PDPE, PDPE rate) results
numerically favored control over DPM. Additionally, in subgroup analyses of U.S. patients, these
unfavorable trends were accentuated.

In summary, while studies 301 (overall population) and 303 achieved statistically significant
results for the FEV1 primary endpoint based on the Applicant’s pre-specified analysis, due to
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. As such, in the opinions of the primary clinical
reviewer and statistical reviewer, these data do not provide substantial support for efficacy for
this product in the indicated population.
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8.2.Review of Safety
8.2.1. 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 26 years of age and study 303
included patients 218 years of age. As the proposed indication includes only those 218 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 218-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.

8.2.2. Review of the Safety Database
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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Table 23: Studies 301, 302, and 303 Pooled, Overall Exposure, Double Blind Phase Only,
Patients 218 Years

Studies 301, 302, 303 Pooled
Exposure (Months) DPM Control
(N=414) (N=347)
Mean (SD) 5.1(2.1) 5.4 (1.8)
Median (min, max) 6(0,7.8) 6(0,7.8)
Duration
<1 40(9.7) 20 (5.8)
>1-2 26 (6.3) 14 (4)
>2-3 12 (2.9) 8(2.3)
>3-4 14 (3.4) 19 (5.5)
>4-5 6 (1.4) 7(2)
>5-6 112 (27.1) 93 (26.8)
>6 204 (49.3) 186 (53.6)

Abbreviations: SD=standard deviation; DPM=dry powder mannitol
Source: SCS; Table 11, p.36

While mean and median exposures were similar between DPM and control groups, a higher
percentage of DPM patients had durations of exposure of £3 months compared to control
patients. This is likely reflective of the differential and early drop-out observed in studies 301
and 302 previously reviewed and may suggest tolerability issues. However, it is worth noting
that in study 303, this was not observed.

Adequacy of the safety database:

Given the disease, the safety database is adequate.

8.2.3. Adequacy of Applicant’s Clinical Safety Assessments
Issues Regarding Data Integrity and Submission Quality

The sponsor provides assurance that GCP training sessions were provided to the study staff at
all sites. No issues were noted regarding data integrity or submission quality.

Categorization of Adverse Events

The definitions used for adverse events (AEs) and serious AEs (SAEs) were per 21 CFR 312.32.
Treatment emergent AEs (TEAEs) were defined as AEs that occurred from treatment day 1 until
28 days after last study drug. AEs that started after the MTT but worsened on or after
treatment day 1 were categorized as TEAEs even if they began prior to treatment day 1. AEs
that began after the MTT but ended prior to treatment day 1 were not considered in this
review.

77

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

AEs were originally coded using MedDRA v 9.1 for study 301, v 11.0 for study 302, and v 11.1
for study 303; re-coding of the earlier studies 301 and 302 was done to MedDRA v 11.1. The
only exception to this was for pulmonary exacerbations. These were coded to ‘exacerbation of
disease’ LLT linked to PT ‘condition aggravated’ according to MedDRA version 9.0, to maintain
consistency with studies 301 and 302.

Investigators made causality and severity assessments.

Severity assessments were as follows:
e Mild: The patient had an awareness of a sign or symptom, but it was easily tolerated
and did not alter normal activity;
e Moderate: The sign or symptom caused discomfort and/or interference with the
patient’s usual activity;
e Severe: The sign or symptom caused significant impairment of function or
incapacitation, and/or the patient was unable to perform usual activities.

Routine Clinical Tests

Sputum microbiology and other standard labs (CBC, BMP, kidney and liver function
assessments, electrolytes) were performed at screening and per the schedule of assessments
(Figure 1).

8.2.4, Safety Results
Deaths

There were two deaths in the phase 3 studies; both in the control groups during the DBP for
studies 302 and 303. Only one of these deaths was in a patient >18 years of age.

In study 303, one death occurred in the control arm in a 19-year-old Caucasian male diagnosed
with CF at the age of 13. His screening FEV1 was 48% predicted. The adverse event that lead to
death was exacerbation (preferred term: condition aggravated). This occurred 219 days after
the first dose of the control and 3 days after last dose.

In study 302, one death occurred in the control arm in a 15-year-old male diagnosed with CF at
the age of 1. His screening FEV1 was 36% predicted. The patient experienced a pneumothorax
135 days after the first dose of the control. The pneumothorax did not resolve, and the patient
underwent partial pneumonectomy with subsequent pleurodesis. His clinical status continued
to worsen, and he underwent lung transplant but ultimately died due to multiple organ failure
3 months after study drug was discontinued.

In study 301, there were no deaths during the course of the study. There were no deaths
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during the OLP of the two phase 3 studies (301 and 302).

Given that the deaths occurred in the control group, these deaths do not raise safety concerns
for DPM.

Serious Adverse Events

During the DBP of studies 301, 302, and 303, in patients 218years of age, approximately 18% of
DPM and control patients experienced SAEs. The types of SAEs reported were generally
consistent with the study population. CF exacerbation (reported as condition aggravated) was
the most commonly reported SAE. SAE data are summarized in Table 24.

Table 24: Studies 301, 302, and 303 Pooled, Serious Adverse Events in 21% of Patients,
Patients 218 Years

Studies 301, 302, 303 Pooled
SOC/PT DPM Control
(N=414) (N=347)
Any SAE 78 (18.8) 64 (18.4)
General disorders and administration site 55 (13.3) 39(11.2)
conditions
CF exacerbation (condition aggravated) 55 (13.3) 39 (11.2)
Infection and infestations 12 (2.9) 14 (4)
Pneumonia* 8(1.9) 11 (3.2)
Respiratory, thoracic, and mediastinal 9(2.2) 7(2)
disorders
Hemoptysis 6(1.4) 4(1.2)
Gastrointestinal disorders?® 6(1.4) 9(2.6)
Surgical and medical procedures® 4 (1) 0

Abbreviations: SOC=system organ class, PT=preferred term, DPM=dry powder mannitol, SAE=serious adverse
event, CF=cystic fibrosis

* Combined terms: Lower respiratory tract infection, pneumonia, lung infection, lobar pneumonia, lung infection
pseudomonal, pneumonia bacterial

2 Acute pancreatitis, intestinal obstruction, and abdominal pain terms account for majority of SOC counts noted
b Central venous catheterization accounts for majority of SOC count noted

Source: SCS, Table 38, p.100

In general, while there were some numerical differences in SAEs between DPM and control
groups, these were small in magnitude; less than a 1% difference between arms (unless control
arm was higher), with the only exception CF exacerbations (DPM 2% higher than control). This
observation is somewhat consistent with the efficacy results regarding protocol defined
pulmonary exacerbations (PDPE), where across multiple PDPE related endpoints trends favored
control. Results from the OLP portion of studies 301 and 302 were generally consistent with
the DBP results. As hemoptysis had been raised as a safety concern in the prior review cycle, it
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is worth noting that in the analysis of SAEs in patients 218 years of age, the difference between
DPM and control groups for hemoptysis was small, though still numerically higher in DPM. A
more in-depth discussion of hemoptysis and exacerbations can be found in Section 3.6.8.

Dropouts and/or Discontinuations Due to Adverse Effects

During the DBP of studies 301, 302, and 303, in patients >18years of age, approximately 11% of
DPM and control patients discontinued treatment due to AEs. The types of AEs that resulted in
discontinuation were consistent with the known airway effects of inhaled mannitol and the
disease state. Cough and CF exacerbation were the most commonly reported AEs that resulted
in treatment discontinuation. These data are summarized in Table 25.

Table 25: Studies 301, 302, and 303 Pooled, AEs Leading to Permanent Treatment
Discontinuation, >2 Patients in Any Arm, Patients 218 Years

Studies 301, 302, 303 Pooled
SOC/PT DPM Control (N=347)
(N=414)

Any TEAE leading to treatment discontinuation 51 (12.3) 30(8.6)
Respiratory, thoracic, and mediastinal disorders 35(8.5) 18 (5.2)

Cough 21 (5.1) 9 (2.6)

Hemoptysis 7 (1.7) 4(1.2)

Wheezing 1(0.2) 3(0.9)
General disorders and administration site 18 (4.3) 12 (3.5)
conditions

CF exacerbation (condition aggravated) 13 (3.1) 9(2.6)

Chest discomfort 4 (1) 3(0.9)
Infections and infestations 2 (0.5) 4(1.2)
Psychiatric disorders 2 (0.5) 3(0.9)
Nervous system disorders 2 (0.5) 3(0.9)

Abbreviations: TEAE=treatment-emergent adverse event, SOC=system organ class, PT=preferred term, DPM=dry

powder mannitol, CF=cystic fibrosis
Source: SCS; Table 40, p.107

Overall, more DPM patients discontinued study treatment due to AEs versus control patients

suggesting that some patients may have difficulty tolerating DPM. This is not necessarily
surprising given the known properties of inhaled mannitol. Generally, when considering

individual TEAEs, more DPM patients had respiratory TEAEs than control but the difference
between arms was minimal (<1%), with the exception of cough. Similar to SAEs, more DPM

patients had reported a CF exacerbation and hemoptysis as a cause for treatment
discontinuation, however, the difference between arms was small.

Results from the OLP portions of 301/302 were generally consistent with the DBP results. The

total number of adult OLP patients with TEAEs leading to study withdrawal was 15 of 224
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(6.7%). This included 11 of 94 (11.7%) DBP control patients who transitioned to DPM during the
OLP and 4 of 130 (3.1%) patients on DPM during the DBP who remained on DPM during the
OLP. A possible explanation for this may be that at the end of the DBP the remaining DPM
patients were “tolerant” moving forward into the OLP portion thus accounting for low study
withdrawal in the OLP (3.1%), whereas control patients who transitioned to DPM in the OLP
were not “tolerant” and withdrew at rates similar to DPM in the DBP. Consistent with the DBP,
the most frequent AEs in the OLP leading to discontinuation included CF exacerbations, albeit
with a lower percentage (1.3%).

Overall these data suggest that DPM may not be tolerated in some patients, which is not
necessarily surprising given the known effects of inhaled mannitol.

Significant Adverse Events

During the DBP of studies 301, 302, and 303, in patients 218years of age, 13% of DPM and
control patients had severe TEAEs. CF exacerbation was the most commonly reported severe
TEAE. Between treatment groups, total severe AEs were relatively balanced. These data are
summarized in Table 26.

Table 26: Studies 301, 302, and 303 Pooled, Severe TEAEs, 21% Any Arm, Patients 218 Years

Studies 301, 302, 303 Pooled

PT DPM Control

(N=414) (N=347)
Patients with 21 severe TEAE 55 (13.3) 44 (12.7)
CF exacerbation (condition aggravated) 20 (4.8) 10 (2.9)
Cough 7 (1.7) 4(1.2)
Oropharyngeal pain 4(1) 0
Lower respiratory tract infection 0 4(1.2)

Abbreviations: TEAE=treatment-emergent adverse event, PT=preferred term, CF=cystic fibrosis,
DPM=dry powder mannitol
Source: SCS; Table 37, p.98

With regard to specific preferred terms, CF exacerbation severe TEAEs were more frequent in
DPM patients than control. Similar trends were also noted for SAEs and AEs leading to
treatment discontinuation. As noted previously, this observation is consistent with the PDPE
efficacy data, where DPM patients had numerically more PDPE compared to control. This is
further discussed in Section 3.6.8. Oropharyngeal pain and cough were reported more often in
the DPM groups compared to control. Cough and oropharyngeal pain are likely related to the
known effects of inhaled mannitol. Other severe TEAEs were fairly balanced between
treatment arms or were more frequent in control groups.
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Results from the OLP portions were consistent with the DBP results. Approximately 15% of
adult OLP patients had a severe TEAE, of which CF exacerbations were the most common
(5.8%). A small numerical increase in exacerbations was noted in control patients transitioning
from control to DPM in the OLP (4.5% DBP to 5.3% OLP).

The safety analysis of severe TEAEs was consistent with the previously discussed AE data.
Treatment Emergent Adverse Events and Adverse Reactions

During the DBP of studies 301, 302, and 303, in patients 218 years of age, 76% of DPM and
control patients had at least one TEAE. Many of the more common TEAEs were consistent with
inhaled mannitol’s known action and the patient population. CF exacerbation was the most
commonly reported TEAE. These data are summarized in Table 27.

Table 27: Studies 301, 302, and 303 Pooled, TEAEs, >5% Any Arm OR >2% Difference Between
Arms, Patients 218 Years

Studies 301, 302, 303 Pooled

PT DPM Control
(N=414) (N=347)

Patients with >1 TEAE 321 (77.5) 256 (73.8)
CF exacerbation (condition aggravated) 132 (31.9) 114 (32.9)
Cough 62 (15) 37(10.7)
Headache 44 (10.6) 48 (13.8)
Hemoptysis 43 (10.4) 33 (9.5)
Nasopharyngitis 30(7.2) 25(7.2)
Oropharyngeal pain 29 (7) 15 (4.3)
Bacteria sputum identified 28 (6.8) 16 (4.6)
Upper respiratory tract infection 23 (5.6) 21 (6.1)
Pyrexia 19 (4.6) 8(2.3)
Lower respiratory tract infection 18 (4.3) 18 (5.2)
Abdominal pain* 23 (5.6) 24 (6.9)

Abbreviations: TEAE=treatment-emergent adverse event; DPM=dry powder mannitol, PT=preferred term, CF=cystic fibrosis
*Abdominal pain upper and Abdominal pain combined
Source: SCS; Table 35, p. 93

The most common TEAEs were relatively similar between arms (CF exacerbation, cough,
hemoptysis, and headache). There were some TEAEs that were reported more commonly in
DPM versus control patients (cough, oropharyngeal pain, bacteria sputum identified, pyrexia,
hemoptysis). Cough and oropharyngeal pain were likely related to known effects of inhaled
mannitol. Bacteria sputum identified in the setting of CF and pyrexia in isolation are not of
clear clinical significance and differences were not observed in other AE analyses (deaths, SAEs,
AEs leading to treatment discontinuation, and severe AEs). Moreover, they can be managed
relatively easily. Hemoptysis, a prior review cycle concern, is further discussed in Section 3.6.8.
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Review of the OLP data was consistent with the DBP data. The overall incidence of TEAEs was
similar between the OLP and DBP. The most frequent TEAEs in the OLP were generally similar
to the DBP.

The safety analysis of all TEAEs was consistent with the previously discussed AE data and does
not raise new safety concerns.

Laboratory Findings

Because only screening hematology and chemistry evaluations were performed in study 303,
there is no analysis of abnormal laboratory findings (clinical chemistry, hematology, hepatic
function). Because the primary mechanism of action for DPM is based on local airway effects,
this is not unreasonable.

Sputum microbiology was also tested at screening only, therefore, it is unknown if any changes
in the patients sputum microbiology occurred due to study treatment.

Vital Signs

There were no significant imbalances in vital signs measured at week 6, 14, or 26 between the
two arms. This includes measurements of SBP, DBP, heart rate, respiratory rate, and oxygen
saturation.

Electrocardiograms (ECGs)

Given the patient population, the disease process, the known mechanism of action of the
product, and safety information from the prior studies, no ECG related safety analysis was
performed.

Immunogenicity

Not applicable.

8.2.5. Analysis of Submission-Specific Safety Issues
Hemoptysis

Hemoptysis was identified as a safety concern in the initial review cycle based on review of
safety data in all patients (pediatric and adult) from studies 301 and 302. Despite the exclusion
of patients with >60 mL hemoptysis in the 3 months prior to screening in these studies,
hemoptysis AEs, SAEs, and discontinuations due to hemoptysis were consistently observed
more frequently in DPM versus control patients. This small but clear signal for hemoptysis
occurred even in the youngest age group of 6- to 11-year-olds, raising issues of safety
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specifically for pediatric patients. While no patients died from hemoptysis events in the safety
population during the conduct of studies 301 and 302, the long-term effect of the 2-to-4-fold
increase in hemoptysis, when projected to chronic use over the course of a CF patient’s
lifetime, is unknown. A summary of the safety data from studies 301 and 302 regarding the
hemoptysis safety concern is shown in Table 28.

Table 28: Studies 301 and 302, Hemoptysis by Age

Studies 301 and 302 Pooled
Age Group DPM Control
All subjects N=361 N=239
Any hemoptysis 34 (9.4) 13 (5.4)
Severe AE 4(1.1) 1(0.4)
SAE 8(2.2) 2(0.8)
AE leading study withdrawal 6(1.7) 0
Pediatric (6—11 yrs) N=66 N=41
Any hemoptysis 4(6.1) 0
Severe AE 1(1.5) 0
SAE 0 0
AE leading study withdrawal 0 0
Adolescent (12-17 yrs) N=88 N=64
Any hemoptysis 8(9.1) 2(3.1)
Severe AE 1(1.1) 0
SAE 3(3.4) 1(1.6)
AE leading study withdrawal 0 0
Adult (218 yrs) N=207 N=134
Any hemoptysis 22 (10.6) 11 (8.2)
Severe AE 2(1) 1(0.7)
SAE 5(2.4) 1(0.7)
AE leading study withdrawal 6(2.9) 0

Abbreviations: AE=adverse event; SAE=serious adverse event; DPM=dry powder mannitol; yrs=years
Source: AC briefing document Division Memorandum 2013, Table 7 and 8

In light of the safety concern identified in the previous NDA review cycle, hemoptysis was
evaluated as an adverse event of special interest (AESI) in study 303. It was reported
separately, even if part of an exacerbation or alternate process; and data on volume
(investigator estimated) and prior frequency were collected in an attempt to better
characterize hemoptysis. Hemoptysis data from study 303 are summarized in Table 29.
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Table 29: Study 303, Hemoptysis AEs, Patients 218 Years

Study 303

Hemoptysis DPM Control

(N=207) (N=213)
Any hemoptysis 21(10.1) 22 (10.3)
Severe AE 0 0
SAE 1(0.5) 3(1.4)
AE leading to drug discontinuation 1(0.5) 4(1.9)
AE leading to study withdrawal 0 0

Abbreviations: AE=adverse event; SAE=serious adverse event; DPM=dry powder mannitol
Source: SCS Table 44, p.119

In contrast to the prior studies, hemoptysis AEs in study 303 were not increased in the major
safety categories, particularly SAEs and AEs leading to drug discontinuation.

Analysis of hemoptysis events based on volume and prior history are summarized in Table 30.

Table 30: Study 303, Hemoptysis Details, Patients 218 Years

Study 303
Hemoptysis DPM Control
(N=207) (N=213)
Patients with 21 TEAE hemoptysis 21(10.1) 22 (10.3)
Total estimated hemoptysis volume (mL) Mean 42.6 ml 65.9 mL
Median 5mL 17.5 mL
Estimated volume
Scant (<5 mL within 24 hr) 12 (57.1) 8 (36.4)
Mild (5-60 mL within 24 hr) 8 (38.1) 10 (45.5)
Moderate (60—240 mL within 24 hr) 1(4.8) 3(13.6)
Massive (>240 mL within 24 hr or >100 mL x >1 day) 0 1(4.5)
Screening history
History of hemoptysis 68 (32.5) 60 (28)
Multiple prior hemoptysis events 38 (55.9) 27 (45)
Prior massive®* hemoptysis events? yes 3(4.4) 5(8.3)

Abbreviations: TEAE=treatment-emergent adverse event; DPM=dry powder mannitol
* acute bleeding 2240 mL in a 24-hour period and/or recurrent bleeding 2100 mL per day over several days
Source: Study 303 CSR; Tables 11-4, 12-8

Hemoptysis volume was lower in DPM versus control (mean and median) and more DPM
patients reported scant hemoptysis versus control. These data suggest that DPM does not
result in larger volume hemoptysis despite a slightly higher percentage of DPM patients having
a history of any hemoptysis and of multiple hemoptysis events at screening.
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While in studies 301 and 302, notable imbalances in hemoptysis events were observed when
examining the overall population (patients 26 years of age), these imbalances were diminished

when examining only those patients 218 years of age. In study 303, which included only

patients 218 years of age, no imbalances were noted. Taken as a whole, these data suggested
that in the 218-year-old population, hemoptysis was less of a safety concern. Hemoptysis data
in the 218-year-old patients across studies 301, 302, and 303 are summarized in Table 31.

Table 31: Studies 301, 302, and 303 Pooled, Hemoptysis AEs, Patients 218 Years

Studies 301 and 302 Study 303 Studies 301, 302, 303
. Pooled Pooled
Hemoptysis
DPM Control DPM Control DPM Control

(N=207) (N=134) (N=207) | (N=213) (N=414) (N=347)
Any hemoptysis 22 (10.6) 11(8.2) | 21(10.1) | 22(10.3) | 43(10.4) 33(9.5)
Severe AE 2 (1) 1(0.7) 0 0 2 (0.5) 1(0.3)
SAE 5(2.4) 1(0.7) 1(0.5) | 3(1.4) 6 (1.4) 4(1.2)
AE leading to drug 6(2.9) 0 1(0.5) 4(1.9) 7 (1.7) 4(1.2)
discontinuation
AE leading to study | 6 (2.9)* o* 0 0 6(1.4) 0
withdrawal

Abbreviations: AE=adverse event; SAE=serious adverse event; DPM=dry powder mannitol
* drug discontinuation led to automatic study withdrawal
Source: SCS Table 44, p.119

Exacerbations

CF exacerbations were common throughout the treatment period and given the significant
morbidity and impact on quality of life that exacerbations can have on CF patients, a safety
concern, if present, for this category would be of clear clinical importance. Thus, exacerbations
were reviewed as an AE of special interest.

CF exacerbations (coded as condition aggravated) were discussed in prior sections that included
SAEs, AEs leading to treatment discontinuation, severe TEAEs, and all TEAEs. In all of those
sections, exacerbations were the most common AE observed and were, except for common
TEAEs, reported more frequently in DPM versus control patients. Exacerbation related adverse
event data are summarized in Table 32.
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Table 32: Studies 301, 302, and 303 Pooled, CF Exacerbations, Patients 218 Years

Studies 301, 302, 303 Pooled
CF Exacerbations DPM Control

(N=414) (N=347)
SAEs 55 (13.3) 39 (11.2)
AEs leading to drug discontinuation 13 (3.1) 9(2.6)
AEs leading to study withdrawal* 11 (2.7) 5(1.4)
Severe AEs 20 (4.8) 10 (2.9)
Any exacerbation 132 (31.9) 114 (32.9)

Abbreviations: SAE=serious adverse event; AE=adverse event; DPM=dry powder mannitol
* drug discontinuation led to automatic study withdrawal in studies 301 and 302
Source: Study 303 CSR; Table 12-5; SCS; Table 46

The increased frequency of CF exacerbations reported as adverse events in DPM versus control
treated patients, albeit small, is consistent with the secondary efficacy endpoint data from
studies 302 and 303 where for some PDPE related endpoints, results favored control
(notwithstanding study 302 dropout related efficacy impact). Additionally, given the known
airway effects of inhaled mannitol (bronchospasm), it is conceivable that chronic use could
potentially predispose a patient to exacerbation. Taken together this may suggest a potential
exacerbation related safety concern for DPM.

Given the regional differences noted in the PDPE efficacy analyses, a similar exacerbation-
specific analysis comparing U.S. to non-U.S. subpopulations of adults from studies 301, 302, and
303 was performed for CF exacerbation adverse events. Results are shown in Table 33.

Table 33: Studies 301, 302, and 303 Pooled, Exacerbations, U.S. and Non-U.S. Subpopulations,
Patients 218 Years

Studies 301, 302, 303 Pooled
CF Exacerbations U.S. Population Non-U.S. Population
DPM Control DPM Control
(N=110) (N=93) (N=304) (N=254)
SAEs 23(20.9) | 10(10.8) | 32(10.5) | 29(11.4)
AEs leading to drug discontinuation 7 (6.4) 4 (4.3) 6(2) 5(2)
AEs leading to study withdrawal* 5(4.5) 1(1.1) 6(2) 4(1.6)
Severe AEs 7 (6.4) 2(2.1) 13 (4.3) 8(3.1)
Any exacerbation 42 (23.8) 33 (35.5) 90 (29.6) 81(31.9)

Abbreviations: SAE=serious adverse event; AE=adverse event; DPM=dry powder mannitol
* drug discontinuation led to automatic study withdrawal in studies 301 and 302
Source: FDA Reviewer analysis

Results for serious CF exacerbations were striking. In the U.S. population, 21% of DPM versus

11% of control patients experienced a serious CF exacerbation. This is in contrast to the non-
U.S. and overall population where the differences were much smaller. Similar trends, though
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not as marked, were observed for AEs leading to drug discontinuation, AEs leading to study
withdrawal, and severe AEs. While similar findings were not observed for the category “any
exacerbation”, these findings still raise exacerbation related safety concerns. It is also worth
noting that these exacerbation related safety findings are consistent with the PDPE efficacy
data.

To explore this further, an analysis of the demographics and baseline characteristics of the US

patients from the pooled phase 3 study adult population was performed. This is summarized in
Table 34.

Table 34: Studies 302 and 303 Pooled, Baseline characteristics of U.S. Subpopulation, Patients

218 Years
Studies 302 and 303 Pooled
U.S. Population
DPM Control
(N=110) (N=93)
Age
Mean | 28.8 | 31.8
Gender
Female | 46 (41.8) | 41 (44.1)
Race
White | 106 (96.4) | 90 (96.8)
Number of Hospitalizations associated with exacerbation in previous 12 months
0 60 (54.5) 58 (62.4)
>1 50 (45.5) 35 (37.6)
>2 22 (20) 13 (14)
Lung function at baseline
FEV1 % predicted, mean | 62.8% | 62.2%
Screening Sputum microbiology
Pseudomonas aeruginosa (any) | 71 (64.5) | 55 (59.1)
Medication use at screening
rhDNase use | 90 (81.8) | 76 (81.7)
CFTR Mutation
Homozygous F508del 35(31.8) 35(37.6)
Heterozygous F508del 55 (50) 41 (44.1)
Other known mutation 11 (10) 12 (12.9)
Both unknown 9(8.2) 5(4.5)

Source: Clinical Information Request May 17 2019, Table 1-2, p.6- 8

U.S. DPM patients had a higher frequency of hospitalizations due to CF exacerbations in the 12
months prior to screening; this was additionally supported by the observation of DPM patients
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having a higher frequency of exacerbations treated with IV antibiotics in the 12 months prior to
screening (data not shown). Other relevant baseline characteristics were generally balanced.

While this imbalance in the prior history of exacerbations may certainly have contributed to the
serious CF exacerbation increase noted in U.S. DPM patients versus controls, as previous history
of exacerbation generally predicts future occurrence; the magnitude of the difference in the
overall US population may not fully explain the magnitude of the difference seen for serious CF
exacerbations in US patients using DPM compared to control (nearly double). Therefore, an
analysis of the baseline characteristics of those 33 US patients with serious CF exacerbations
was also performed.

In that analysis, many baseline characteristics were balanced (results not shown), however, the
prior history of hospitalizations due to exacerbations and IV antibiotic usage due to
exacerbations were found to be significantly higher in the US DPM patients with serious
exacerbations (Table 35).

Table 35: Studies 302 and 303 Pooled, Baseline characteristics of U.S. Subpopulation, Patients
218 Years Who Experienced a Serious CF Exacerbation

Studies 302 and 303 Pooled
Serious CF Exacerbations U.S. Population
DPM Control

(N=23) (N=10)
Number of Hospitalizations associated with exacerbation in previous 12 months
0 2(8.7) 4 (40)
>1 21(91.3) 6 (60)
22 17 (73.9) 3 (30)
Number of exacerbations treated with IV antibiotics in previous 12 months
0 1(4.3) 3(30)
>1 22 (95.7) 7 (70)
22 18 (78.3) 3 (30)

Source: Reviewer Analysis, ADSL pooled phase 3 studies, ADAE pooled phase 3 studies, DBPFL=Y, TRTEMLFL=Y, AESER=Y,
COUNGR1=United States, AGE>18,

Given the small subgroup sizes, conclusions are unable to be drawn. Those limitations
notwithstanding, the U.S. DPM patients with serious CF exacerbations had more baseline
exacerbations in the 12 months preceding screening than the US control patients with serious
CF exacerbations.

Given the known predisposing contribution that prior exacerbations can have in future
exacerbations, these findings of a higher baseline number of prior exacerations in the US

population may have played a role in the increased number of serious CF exacerbations seen in
the US DPM patients, albeit not entirely explanatory.
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Other

Given the known airway effects of inhaled mannitol, analysis of cough events was performed.
This analysis was performed grouping the preferred terms “cough” and “productive cough.”
Based on this grouping the overall frequency of cough events was 14.7%. in pooled studies 301,
302, and 303. In the pooled safety data from all three studies, cough events were seen more
frequently in DPM patients versus control. While there were no serious cough events reported,
drug discontinuations and study withdrawal due to cough were more frequent with DPM
patients. These findings are not unexpected but do suggest some patients may have difficulty
tolerating DPM due to cough. These results are summarized in Table 36.

Table 36: Studies 301, 302, and 303 Pooled, Cough, Double Blind Phase Only, Patients 218
Years

Studies 301, 302, 303 Pooled
Cough’ DPM Control
(N=414) (N=347)
Any cough 69 (16.7) 43 (12.4)
Severe AE 7 (1.7) 4(1.2)
SAE 0 0
AE leading to drug discontinuation 22 (5.3) 9(2.6)
AE leading to study withdrawal* 18 (4.3) 6(1.7)

Abbreviations: DPM=dry powder mannitol, AE=adverse event, SAE=serious adverse event
*drug discontinuation led to automatic study withdrawal in studies 301 and 302

*PT terms “cough” and “productive cough” were grouped

Source: SCS; Table 42, p.115

As severe bronchospasm is a known labeled warning with Aridol (inhaled mannitol), similar
analyses across safety categories were performed for bronchospasm events assessing multiple
potentially related preferred terms (preferred terms evaluated included “bronchospasm”,
“bronchial hyperreactivity”, “laryngospasm”, “wheezing”, and “respiratory tract irritation”). No
concerning findings were noted between treatment arms. The overall number of patients with
events were low. However, bronchospasm events were reported more commonly in DPM

versus control patients. As with cough, this finding is not surprising.

8.2.6. Clinical Outcome Assessment (COA) Analyses Informing Safety/Tolerability
Not applicable.
8.2.7. Safety Analyses by Demographic Subgroups

US subgroup exploration of CF exacerbations discussed in section 8.2.5.
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8.2.8. Specific Safety Studies/Clinical Trials

For this submission no additional safety studies were performed.
8.2.9. Additional Safety Explorations

Human Carcinogenicity or Tumor Development

Not applicable.

Human Reproduction and Pregnancy

Not applicable.

Pediatrics and Assessment of Effects on Growth

Not applicable.

Overdose, Drug Abuse Potential, Withdrawal, and Rebound
Not applicable.

8.2.10. Safety in the Postmarket Setting

Safety Concerns Identified Through Postmarket Experience

Not applicable. This product is not approved in the U.S. Postmarket experience from Australia
and other countries include approximately 8000 patient information with no clear safety
concern being noted.

Expectations on Safety in the Postmarket Setting
Not applicable
8.2.11. Integrated Assessment of Safety

The safety information for this review was derived from three phase 3 studies: 301, 302, and
303. Given the similar design and duration of these three studies, these safety results were
pooled; more specifically, results from adults from the earlier two studies (studies 301 and 302)
were pooled with study 303 (adult only). With this pooling, there were 414 adult CF patients
treated with DPM and 347 adult CF patients given control. As such, the overall exposure and
size of the safety database for this disease were adequate.

While there were some numerical differences in certain adverse events, overall the differences

between arms did not raise major safety concerns for patients >18 years of age. Across the
three phase 3 studies, two deaths occurred, both in control treated patients. With regard to
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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 218 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, however, may be possibly
explained by baseline exacerbation history. 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.

8.3. Statistical Issues

The main statistical issue during the review of results from study 303 was that some of the
prespecified primary analyses for key efficacy endpoints did not properly account for
uncertainty in parameter estimation due to data missingness. Some examples include the
primary analysis for Change from Baseline Over 26 Weeks in FEV1 carrying the baseline
observation forward for some patients with missing data, and the primary analysis for PDPE
Rate imputing the 26-week number of PDPEs for some patients using those patients’ historical
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pulmonary exacerbation rate. Each of these approaches was a single imputation procedure,
potentially resulting in confidence intervals that were unduly narrow and p-values that were
unduly small. For this reason, analyses using other missing data handling methods were also
considered.

In this review cycle, all analyses for data from studies 301 and 302 were post-hoc, and therefore
interpretation of results from each of these analyses is limited. Furthermore, missingness rates

in study 301 (and to a lesser extent, in study 302) are high such that analysis results are valid to

the extent that missingness mechanisms assumed in the analyses resemble the true underlying
missingness mechanisms. Finally, study 302 was a “failed” study.

8.4. Conclusions and Recommendations

Prior to the resubmission of this application, the efficacy expectations communicated to the
applicant were that “tiebreaker” study 303 would have (1) statistically and clinically significant
results in favor of DPM with respect to change from baseline over 26 weeks in FEV1; (2) support
from an analysis of change from baseline in FEV1 at Week 26; and (3) point estimates from
analyses of important secondary endpoints trending in favor of DPM. Of these expectations,
only statistically significant results in favor of DPM with respect to change from baseline over
26 weeks in FEV; are present in study 303. Furthermore, there is some concern that DPM may
have unfavorable effects with respect to PDPE Rate. Because of these considerations, and
because of the limited ability to draw conclusions from study 301 and 302 results in adults only
due to the statistical issues in these two studies, we (primary clinical reviewer and statistical
team) conclude that in adult cystic fibrosis patients there is not substantial evidence of efficacy
necessary for approval.

The pooled adult safety data from the phase 3 studies were sufficient to evaluate the safety of
DPM in the proposed population. Based on these safety data, DPM may have tolerability issues
in some patients and is likely associated with cough. The primary safety concern of hemoptysis
raised in the previous NDA review cycle appears to have been largely addressed. However,
these data suggest an exacerbation-related safety concern based on differences between DPM
and control treated patients, most pronounced in the US subpopulation.

Due to the lack of sufficient evidence of efficacy and the potential concerns with respect to
safety as discussed above, there is insufficient evidence to conclude that the benefits of DPM
outweigh the risks in, adults with cystic fibrosis. Therefore, the primary clinical reviewer and
statistical team recommend that a Complete Response action be taken.

Note that while the primary clinical reviewer and statistical team recommend a Complete
Response (CR) action, the Cross-Disciplinary Team Leader and Division Director recommend

Approval, though a CR action will be taken due to issues with the Human Factors studies (see
sections 1 and 14).
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9 Advisory Committee Meeting and Other External Consultations

A Pulmonary Allergy Drugs Advisory Committee (PADAC) was convened on May 8%, 2019 to
discuss information covered in this review.

There were two discussion questions and three voting questions:

1. DISCUSSION: Discuss the efficacy of dry powder mannitol (DPM) 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. Include the following
topics in your discussion:

a. Effect on FEVj, including effect size and durability of effect

b. Secondary endpoints, particularly exacerbations and the Cystic Fibrosis

Questionnaire — Revised respiratory domain score
c. Statistical persuasiveness

2. DISCUSSION: Discuss the safety data for DPM for the proposed use in patients with cystic
fibrosis 18 years of age and older, particularly exacerbation and hemoptysis.

3. VOTE: Do the data provide substantial evidence of efficacy for DPM 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?

VOTE: YES: 10 NO6

4. VOTE: Are the safety data adequate to support approval of DPM 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?

VOTE: YES: 10 NO6
5. VOTE: Does the benefit-risk profile support approval of DPM 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?

VOTE: YES: 9 NO7

In terms of efficacy, the majority of panel members noted sufficient evidence being present to
support efficacy, however, panel members voting “no” stated reasons such as lack of clinical
meaningfulness, small effect size, lack of secondary endpoint support, statistical problems with
prior studies (studies 301 and 302), and potential lack of durability. Members voting “yes” felt
that two studies had demonstrated statistical significance and that the treatment effect size on
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FEV1 was sufficient and clinically meaningful.

In terms of safety, the majority of the panel members voted in favor of sufficient safety being
present, however, panel members voting “no” were primarily focused on the possibility of
exacerbation increases, accentuation in the U.S. subpopulation, or difficulty differentiating DPM
related CF exacerbations from routine CF exacerbations. Members voting “yes” noted that the
prior cycle safety concerns of hemoptysis being lessened was sufficient, that exacerbations
were a routine aspect of CF, or that CF care as delivered through specialty centers and
specialized clinicians in the U.S. would quickly identify a true safety signal if present.

When considering the overall benefit-risk profile, the panel members were somewhat divided
with a slight majority favoring approval. Reasons cited by those recommending approval
included improved patient adherence with a more convenient medication, the need for
increased treatment options for patients, any small increase in lung function being beneficial to
patients, and confidence in U.S. CF care delivery being sufficiently robust such that CF clinicians
could best decide on the benefit-risk for each individual patient. Of note, several panel
members noted they recommended approval with the understanding that a post-marketing
study requirement should accompany approval to better assess exacerbation risk. Panel
members voting against approval raised concerns with substitution of existing standard-of-care
medications with DPM as a more convenient option potentially causing a relative increase in
exacerbation risk (hypertonic saline was the example discussed by panel members), marginal
efficacy not balanced by possible safety concerns, and issues previously discussed above.
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10 Pediatrics

The target population was changed from patients 6 and older to patients 18 and older for this
current resubmission. Data from the original submission regarding pediatric efficacy and safety
are discussed in detail in Dr. Witzmann’s primary review.

96

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

11 Labeling Recommendations

11.1. Prescription Drug Labeling

Not applicable, a Complete Response action will be taken.
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12 Risk Evaluation and Mitigation Strategies (REMS)

Not applicable, a Complete Response action will be taken.
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13 Postmarketing Requirements and Commitment

Not applicable, a Complete Response action will be taken.
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14 Division Director DPARP (designated signatory authority) Comments

This application is for inhaled dry powder mannitol (DPM) for the proposed indication of the
management of cystic fibrosis (CF) in patients 18 years of age and older to improve pulmonary
function in conjunction with standard therapies. The proposed dose is 400 mg (10x40 mg
capsules) twice daily. The current submission is the Applicant’s response to a Complete
Response (CR) action taken on the first review cycle due to an unfavorable benefit-risk
assement because of the lack of substantial evidence of efficacy as well as safety concerns
particularly in pediatric patients. In this complete response to CR, the Applicant has submitted
new clinical data to address the deficiencies raised in the March 18, 2013, CR letter. The
Applicant submitted the results of a new clinical study and limited the indication to adult
patients with CF.

As discussed in the review, the new study 303 provided evidence of a modest treatment effect
on FEV; in patients with CF, but the secondary endpoints did not support additional benefit of
DPM. The primary clinical reviewer and statistical team have recommended a CR action based
on the modest effect on FEV; through the 26-week treatment period, numerically smaller effect
at week 26, and lack of support from other clinically relevant endpoints; coupled with a
potential exacerbation related safety concern. Dr. Lim, the CDTL, and | find the benefit-risk for
this product favorable and recommend Approval as outlined in the Executive Summary (Section
1) and Benefit-Risk Assessment (Section 1.3). Please refer to those sections for our benefit-risk
assessment.

While | find the benefit-risk assessment favorable to support approval, there is an issue with
human factors testing that was done to determine if healthcare providers can administer the
mannitol tolerance test (MTT), which is necessary to screen patients for bronchospasm prior to
treatment with DPM. Per our DMEPA review team, the data from the submitted human
factors studies has not demonstrated that HCPs can reliably perform the MTT to identify CF
patients who can safely take this medication. This will preclude approval at this time; thus a CR
action is planned. Once the human factors issues are resolved, labeling can be completed and
the NDA can be approved. The deficiency is as follows:

The submitted data from the human factors (HF) validation studies do not provide
sufficient evidence to demonstrate that healthcare providers can reliably and accurately
perform the Mannitol Tolerance Test (MTT) to correctly identify the intended target
patient population. HF study results demonstrated several use errors and use
difficulties with critical tasks in administering the MTT, which could result in healthcare
providers prescribing the medication to patients who cannot tolerate Bronchitol. As
inhaled mannitol is known to cause severe bronchospasm in susceptible individuals, this
could result in patient harm (e.g. bronchospasm, hypoxia, pulmonary compromise) and
is a significant safety concern.
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To address this deficiency: (1) revise the product user interface to address the errors
and use difficulties seen in your HF validation studies and (2) then conduct a
supplemental HF validation study to demonstrate the effectiveness of the additional risk

mitigations and to ensure that they address user interface concerns and do not
introduce new risks.
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15 Appendices

15.1. References

15.2. Financial Disclosure

Covered Clinical Study (Name and/or Number): 303

Was a list of clinical investigators provided: Yes |Z| No |:| (Request list from
Applicant)

Total number of investigators identified: 114

Number of investigators who are Sponsor employees (including both full-time and part-time
employees): 0

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):
0]

If there are investigators with disclosable financial interests/arrangements, identify the
number of investigators with interests/arrangements in each category (as defined in 21 CFR
54.2(a), (b), (c) and (f)):

Compensation to the investigator for conducting the study where the value could be
influenced by the outcome of the study:

Significant payments of other sorts:
Proprietary interest in the product tested held by investigator:
Significant equity interest held by investigator in S

Sponsor of covered study:

Is an attachment provided with details | Yes |E No |:| (Request details from
of the disclosable financial Applicant)
interests/arrangements:

Is a description of the steps taken to Yes |:| No |:| (Request information
minimize potential bias provided: from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3)

Is an attachment provided with the Yes |:| No |:| (Request explanation
reason: from Applicant)

102

Reference ID: 4448801



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

15.3.

Human Factors validation studies deficiencies

Table 1: Identified Issues and Recommendations for Chiesi USA Inc. — based on HF validation studies’ results

Identified Issue

Rationale for Concern

Recommendation

HF Validation Study Methodology

1.

The study environment in your
HF validation studies did not
include pulse oximeters,
spirometry equipment,
bronchodilators, or a hand
washing device (i.e. sink). We
find that the aforementioned
study environment is not
representative of real-world use
and may have influenced user
behavior. For example, users
may have performed differently
on BTT Quick Reference Guide
Step A5 (i.e. administer
bronchodilator) if the
bronchodilator was present in
the study environment.

Study environments within your
HF validation study should
represent the environments that
the proposed product will be
used.®

Ensure that the environments
that will be part of the
supplemental HF validation
study protocol are reflective of
real-world use.

In your HF validation study,
empty transparent capsules
were included in the Training
Kit, BTT, and Bronchitol cartons.
However, with the intend-to-
market product, only the
Training Kit carton will contain
empty capsules and the BTT and
Bronchitol cartons will contain
active drug that would be
visually identifiable in the
transparent capsule. We find

The capsules used within your HF
validation study should be
representative of real-world use
and distinguishable from the
empty capsules used in the
Training Kit.

Ensure the study materials (e.g.
empty Training kit capsules,
placebo filled Bronchitol
capsules) used in the
supplemental HF validation
study protocol are reflective of
real-world use. In addition,
because of the risk of users
who may erroneously receive a
demonstration kit in error, you
may want to consider
eliminating the training kit from

® Guidance for Industry and Food and Drug Administration Staff: Applying Human Factors and Usability Engineering

to Medical Devices. 2016. Available from:

http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm259760
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Reference ID: 4448801

103




NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

that the aforementioned use of
empty capsules in all the BTT
and Bronchitol cartons is not
representative of real-world use
and may have influenced user
behavior. For example, we note
that some study participants
used the empty Training Kit
capsules when simulating
performance of the BTT.

your product line as a
mitigation. See the Packaging
recommendation #1 below.

Bronchitol Tolerance Test (BTT) Quick Reference Guide

1.

The instruction regarding
administration of a beta agonist
(Step A5) is not prominent and
may be overlooked.

If users do not correctly
administer a beta agonist during
BTT, there is risk that a patient
might receive Bronchitol without
opened airways which might
result in patient harm (e.g.
bronchospasms, hypoxia,
pulmonary compromise).

The results collected during your
second HF validation study
indicated that for the critical task
“Administer an inhaled beta
agonist and wait 5-15 minutes
before continuing”, 9 study
participants (excluding study
artifacts) failed this task.
Additionally, the subjective
feedback indicated that 4 of the 9
participants who failed this task
noted that they did not notice the
instruction or overlooked the
instruction (i.e. Step A5), and 2 of
the 9 participants who failed this
task were confused regarding
when to administer the beta
agonist (i.e. they incorrectly
indicated to administer the beta
agonist before measuring baseline
values).

Revise Step A5 to increase the
prominence of the instruction
to inhale a beta agonist prior to
taking Bronchitol.
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The instructions regarding
waiting 60 seconds and then
recording SpO, and FEV; are not
prominent and may be
overlooked.

If users do not correctly perform
the BTT tasks, there is risk that an
unindicated patient could be
prescribed Bronchitol which might
result in patient harm.

The results collected during your
second HF validation study
indicated that for the critical tasks
associated with regarding “Wait
60 seconds, then record SpO; (and
FEV1)” (i.e. Steps B2, C2, D2, and
E2 of the BTT QRG), 2 study
participants (excluding study
artifacts) failed the associated
tasks. Additionally, the subjective
feedback indicated that the 2
participants who failed the
associated tasks noted that they
did not see the instruction to wait
60 seconds.

Revise Steps B2, C2, D2, and E2
to increase the prominence of
the instruction regarding the
amount of time to wait (i.e. 60
seconds) prior to measuring
and recording SpO; and FEV;.
Consider whether formatting
and layout changes should be
applied to the BTT QRG as a
whole.

The instructions regarding
administration of more than 1
capsule are not clear.

If users do not administer the
correct number of capsules for
inhalation during BTT, there is risk
that an unindicated patient could
be prescribed Bronchitol which
might result in patient harm.

The results collected during your
second HF validation study
indicated that for the critical tasks
associated with administration of
more than 1 capsule (i.e. Steps C1,
D1, and E1 of BTT QRG “Instruct
patient to inhale contents of xx
capsule[s]”, 3 study participants
(excluding study artifacts) failed
the associated tasks. Additionally,
the subjective feedback indicated
that 1 of 3 study participants who

Consider revising the graphics
in Steps C2, D2, and E2 to show
the number of capsules per
steps (e.g. Step C2 would show
graphic displaying 2 capsules
vs. 1 capsule).
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failed the associated tasks focused
on the capsule images (of 1
capsule) and not the written
instructions, which led them to
believe that they only needed to
administer 1 capsule per step
each time.

4. | In Step E4, users must

prominent and may be
overlooked

determine whether to prescribe
Bronchitol or continue BTT.
However, the step is not

If users do not perform this BTT
task correctly, there is risk that an
unindicated patient could be
prescribed Bronchitol which might
result in patient harm (e.g. in case
where patient has not yet
qualified for Bronchitol and HCP
should proceed to Step F) or there
may be confusion regarding the
BTT steps (e.g. in case where
patient qualifies for Bronchitol at
Step E4 but HCP proceeds to Step
F).

The results collected during your
second HF validation study
indicated that for the critical tasks
associated with administration of
more than 1 capsule (i.e. Steps C1,
D1, and E1 of BTT QRG “If FEV1 >
REF2, — Bronchitol may be
prescribed. Otherwise, proceed to
F”, 2 study participants believed
that they should always proceed
to Step F; however, Step F is only
needed if the patient does not
qualify for Bronchitol at Step E4.
Additionally, the subjective
feedback indicated that 1 of the 2
participants noted they did not
see the step and assumed that
they should go through all of BTT
steps, and the other participant
indicated that because the steps
appeared repetitive, they did not

Revise Step E4 to increase the
prominence of the instruction.
Consider whether formatting
and layout changes should be
applied to the BTT QRG as a
whole.

Reference ID: 4448801

106




NDA/BLA Multi-disciplinary Review and Evaluation {NDA 202049}
{Inhaled Dry Powder Mannitol/ Bronchitol}

read all the steps and assumed all
the BTT steps should always be
completed.

Bronchitol Quick Reference Guide

1.

Based on the second HF study
results, Step 7 is not prominent
and may be overlooked.

If users do not keep the inhaler
upright and press and release
both inhaler buttons at the same
time, there is risk of underdosing
(due to capsules not being pierced
or pierced multiple times). This
could result in
intermittent/temporary decrease
in clearance or pulmonary
function.

The results collected during your
second HF validation study
indicated that 3 HCP participants
failed this task. The subjective
feedback noted that the 2 of the 3
HCP participants who failed this
task overlooked this step or did
not see this step (i.e. due to the
folding of the QRG) in the
Bronchitol QRG.

Revise Step 7 to increase the
prominence of the instruction.
Consider whether formatting
and layout changes should be
applied to the Bronchitol QRG
as a whole.

Based on the second HF study
results, Step 10 is not prominent
and may be overlooked.

If users do not open the inhaler
and confirm the capsule is empty,
there is risk of chronic
underdosing and insufficient
therapeutic response which can
result in reduced/ decreased
clearance of secretions,
congestion, and decreased
pulmonary function (return to
baseline/normal state for CF
patients).

The study results collected during
your second HF validation study
indicated 5 HCP participants failed

Revise Step 10 to increase the
prominence of the instruction.
Consider whether formatting
and layout changes should be
applied to the Bronchitol QRG
as a whole.
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this task. The subjective feedback
noted that that 3 of the 5 HCP
participants who failed this task
overlooked this step or did not
see this step (i.e. due to the
folding of the QRG) in the
Bronchitol QRG.

Based on the first HF study
results, Step 1 is not prominent
and may be overlooked

If users do not administer an
inhaled beta-agonist 5-15 minutes
before taking Bronchitol, there is
risk of bronchospasms, hypoxia,
pulmonary compromise due to
receiving Bronchitol without
opened airways.

The results collected during your
first HF validation study indicated
that all 15 patient participants
failed this task. The subjective
feedback indicated that 6 of the
15 patient participants noted that
they did not know that an inhaled
beta agonist needed to be
administered before taking
Bronchitol, despite the task being
Step 1 of the Bronchitol QRG.

Revise Step 1 and/or other
components of the user
interface to increase the
prominence of this instruction
to inhale a beta-agonist prior to
taking Bronchitol.

Trainin

g Kit Carton Labeling

1.

The Training Kit carton may be
confused for the BTT carton.

Co-packaging the BTT carton and
Training Kit carton may lead to
user confusion between the two
products. If users accidentally use
the Training Kit empty capsules
for BTT, there is risk that an
unindicated patient could be
prescribed Bronchitol (i.e. the BTT
results would not be accurate
because the patient would inhale
contents of empty capsule vs.
active drug). Additionally, we have
received postmarketing reports in

Revise the side panel

containing the text o)

to include the
statements “CONTAINS NO
ACTIVE DRUG. NOT FOR
THERAPEUTIC USE.” in red
capitalized font to provide
differentiation and further
draw attention to this
important information. In
addition, because of the risk of
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which patients have received a
demonstration product that did
not contain active drug. These
errors occurred because the users
incorrectly thought that the
demonstration product contained
the active drug.

Similarities in appearance of
demonstration products to the
commercial product have led to
confusion and medication errors.
When users open the co-packaged
carton, the labeling in the line of
sight are the side panels of the
Training Kit carton and the BTT
carton. There are some differing
labeling components (e.g. use of
different colors on “1°*” and
“2nd”). however, the side panels
may appear similar to some users.
We note that unlike the principal
display panel (PDP) of the Training
Kit carton, the side panel of the
Training Kit carton does not alert
users that the product does not
contain active drug.

users who may erroneously
receive a demonstration kit in
error, please implement
additional risk mitigation,
ensure that you address this
risk in your updated use-
related risk analysis, and
evaluate modifications in your
subsequent HF validation
study.

Packag

ing

Co-packaging the BTT carton
(with active drug capsules) and
Training Kit carton (with empty
capsules) may contribute to user
confusion between the two
cartons.

Co-packaging the BTT carton and
Training Kit carton may lead to
user confusion between the two
products. If users accidentally use
the Training Kit empty capsules
for BTT, there is risk that an
unindicated patient could be
prescribed Bronchitol (i.e. the BTT
results would not be accurate
because the patient would inhale
contents of empty capsule vs.
active drug). Additionally, we have
received postmarketing reports in

Consider revising your
packaging presentation to
mitigate the risk of confusion
between the Training Kit carton
and the BTT carton (e.g. supply
cartons separately vs. co-
packaged). In addition, please
implement additional risk
mitigation, ensure that you
address this risk in your
updated use-related risk
analysis, and evaluate
modifications in your
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which patients have erroneously
received a demonstration product
that did not contain active drug.
These errors occurred because the
users incorrectly thought that the
demonstration product contained
the active drug.®

Furthermore, we note the results
collected during your second HF
validation study indicated that for
the critical tasks associated with
administration of the capsule (i.e.
Steps B1, C1, D1, and E1 of BTT
QRG “Instruct patient to inhale
contents of xx capsule[s]”, 2 study
participants (excluding study
artifacts) repeatedly administered
the placebo capsules from
Training Kit while simulating
performance of BTT. The
subjective feedback indicated that
1 of the 2 participants who failed
this task believe the Training Kit
contained active medication in
smaller doses and the other
participant did not understand the
difference between the Training
Kit carton and the BTT carton due
to similar appearance.

subsequent human factors
validation study.

6 Institute for Safe Medication Practices. Solid controls needed for demo training devices. ISMP Med Saf Alert

Acute Care. 2014;19(8):2-3.
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Food and Drug Administration
Silver Spring MD 20993

MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: June 5, 2019

TO: File for NDA 202049

FROM: Robert Lim

SUBJECT: Cross-Disciplinary Team Leader (CDTL) Memo for NDA 202049
APPLICATION/DRUG: NDA 202049 inhaled dry powder mannitol (Bronchitol)

Chiesi pharmaceuticals submitted a complete response to a Complete Response (CR) action for
NDA 202049 for dry powder mannitol (DPM) for the treatment of patients with cystic fibrosis
(CF) 18 years of age and older to improve pulmonary function in conjunction with standard
therapies. The proposed dosing regimen is 400 mg inhaled twice daily. The original NDA
submission in 2012 was for a similar indication except the age range was broader, ages 6 years
and older. A Complete Response (CR) action was taken as there were both efficacy and safety
concerns (March 18, 2013). To address the CR deficiencies, the Applicant was asked to perform
another phase 3 trial in adults to support efficacy and safety. This complete response to CR was
submitted December 18, 2018.

To support this resubmission, Chiesi pharmaceuticals conducted one additional phase 3
randomized, double-blinded, controlled study (study 303) of 26 week duration in cystic fibrosis
patients 18 years and older comparing 400mg DPM twice daily to control (50 mg DPM twice
daily). In addition, given the change in target population from patients ages 6 years of age and
older to 18 years of age and older due to safety concerns from the prior review cycle, post-hoc
analyses of adults only from two prior phase 3 studies of identical design and duration (studies
301 and 302) were performed and submitted; studies 301 and 302 studied patients age 6 years
and older. Results demonstrated a small improvement for the primary endpoint of change from
baseline in FEV1 over 26-weeks, with point estimates ranging from approximately 50-80mL,
supporting a modest treatment benefit in terms of pulmonary function. However, the clinically
relevant secondary endpoints of exacerbation and symptoms offered no additional support for
efficacy. With regard to safety, there were some concerns raised for increased CF exacerbations.

Reference ID: 4443735



The CDTL recommendation is Approval. While the CDTL acknowledges the recommendations
of the primary medical reviewer and statistical team have recommended a CR action. and does
not dispute the safety and efficacy data, based on several factors, the CDTL has a different
recommendation. First, while the FEV; benefit is modest, as articulated by PADAC members at
the May 8, 2019 PADAC meeting, even a small increase may be clinically meaningful to some
patients. This point was also endorsed by patients at the open public hearing. Additionally,
responder analyses also suggest that some patients may receive a larger magnitude treatment
benefit. As such, the CDTL finds that the FEV data support the efficacy of the product. While
the CDTL also concludes that there was no support from clinically relevant secondary endpoints,
this does not preclude a recommendation of Approval as the stated indication is somewhat
limited in that it specifies “to improve pulmonary function.” Additionally, the CDTL
recommendation considers the input given at the PADAC from PADAC members, CF
patients/family members, and CF care providers. Specifically, that treatment options for inhaled
mucolytics are limited, current treatment options require a significant amount of time to
administer drug and clean the delivery device, such treatments also require access to a power
source, and compliance can be suboptimal with currently available inhaled mucolytics. DPM
could address these points. As such, while the treatment effect is modest and limited to FEV/4,
DPM does offer a benefit to CF patients. This benefit is not outweighed by the safety findings
and this CDTL recommends Approval. That being said, given CF exacerbation safety concerns
and input from PADAC members, this CDTL also recommends a post-marketing required study
to further investigate safety in terms of CF exacerbation.

The CDTL recommendation is Approval with a PMR study to further investigate CF
exacerbation related safety concerns.

The clinical review of safety and efficacy for this resubmission by the CDTL is complete and has
been incorporated into the multi-disciplinary review and evaluation, which will be uploaded to
DARRTS when it is finalized. Refer to the multi-disciplinary review and evaluation for details.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: May 24, 2019

TO: File for NDA 202049

FROM: Khalid Puthawala

SUBJECT: Clinical review for NDA 202049
APPLICATION/DRUG: NDA 202049 Bronchitol (inhaled mannitol)

Chiesi pharmaceuticals submitted a class 2 resubmission NDA for dry powder mannitol (DPM)
for the treatment of patients with cystic fibrosis (CF) 18 years of age and older to improve
pulmonary function. The proposed dosing regimen is 400 mg inhaled twice daily. The original
submission in 2012 was for a similar indication except the age range was broader, ages 6 years
and older. A Complete Response (CR) action was taken as there were both efficacy and safety
concerns (March 18, 2013). To address the CR deficiencies, the Applicant was asked to perform
another phase 3 trial in adults to support efficacy and safety. This class 2 resubmission was
submitted December 18, 2018.

To support this resubmission, Chiesi pharmaceuticals conducted one additional phase 3
randomized, double-blinded, controlled trial (trial 303) of 26 week duration in cystic fibrosis
patients 18 years and older comparing 400mg DPM twice daily to control (50 mg DPM twice
daily). In addition, given the change in target population from patients ages 6 years of age and
older to 18 years of age and older due to safety concerns from the prior review cycle, post-hoc
analyses of adults only from two prior phase 3 studies of identical design and duration (trials 301
and 302) were performed and submitted; trials 301 and 302 studied patients age 6 years and
older. Results demonstrated a small improvement for the primary endpoint of FEV1, however,
there was no secondary endpoint support for efficacy. Given this small improvement, which is of
uncertain clinical relevance, and the lack of secondary endpoint support, in the opinion of this
reviewer, efficacy has not been demonstrated. With regard to safety, there were some concerns
raised for increased CF exacerbations. In the opinion of this medical officer, the benefit-risk
assessment for this product is not favorable. This medical officer recommends a Complete
Response action.
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The clinical review of safety and efficacy for this resubmission is complete and has been added
to the multi-disciplinary review and evaluation, which will be uploaded to DARRTS when it is
finalized. The primary clinical reviewer does not recommend approval of DPM for the treatment
of CF patients ages 18 years and older to improve pulmonary function. Refer to the multi-
disciplinary review and evaluation for details.
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SUMMARY REVIEW OF REGULATORY ACTION
Date: March 18, 2013
From: Badrul A. Chowdhury, MD, PhD

Director, Division of Pulmonary, Allergy, and Rheumatology
Products, CDER, FDA

Subject: Division Director Summary Review
NDA Number: 202049
Applicant Name: Pharmaxis, Inc

Date of Submission: May 18, 2012
PDUFA Goal Date: March 18, 2013
Proprietary Name:  Bronchitol
Established Name: = Mannitol

Dosage form: Inhalation powder in capsules
Strength: 40 mg

Proposed Indications: Cystic Fibrosis

Action: Complete Response

1. Introduction
Pharmaxis submitted this 505(b)(2) new drug application for use of Bronchitol (mannitol
inhalation powder) for the management of cystic fibrosis in patients 6 years of age and
older to improve pulmonary function. The proposed dose is 400 mg (10 x 40 mg
capsules) twice daily. The application is based on clinical efficacy and safety studies.
This summary review will provide an overview of the application, with a focus on the
clinical efficacy and safety studies.

2. Background
Cystic fibrosis (CF) is an autosomal recessive, progressive, and usually fatal genetic
disease most common in the Caucasian population. It occurs in approximately one out of
every 3,500 children born in the United States and is an orphan drug population. 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 pneumonia and lung damage. There are over 1800 mutations in the
CFTR gene, which, when present in both CFTR alleles, results in the clinical
constellation that is CF. There is no cure for CF, treatment is limited to alleviation of
symptoms and treatment of complications. Current therapies used by patients with CF
include mucolytics such as inhaled DNase, beta-agonist bronchodilators, inhaled
antibiotics (tobramycin, aztreonam), and pancreatic enzyme supplements. In 2012, a
drug called ivacaftor, which is classified as a cystic fibrosis transmembrane conductance
regulator potentiator, was approved to treat a specific mutation in the CFTR, called the
G551D mutation, where the mutated CFTR protein reaches the cell surface, but does not
activate normally resulting in a low probability of being open. Ivacaftor acts to treat the
underlying defect in the CFTR ion channel, which is the cause of CF, albeit in the small
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subpopulation of patients with CF with at least one copy of the G551D mutation in the
gene.

Mannitol belongs to a family of sugar alcohols found in most vegetables. Mannitol is
used as nutrient and dietary supplement, and is an ingredient in many oral drug products.
As a dietary supplement mannitol is generally recognized as safe. As an inhaled product,
mannitol was 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. As such, mannitol inhalation powder has the ability to cause
severe bronchoconstriction in susceptible subjects.

The rationale of developing mannitol for the management of cystic fibrosis is based on its
osmotic property. The genetic defects in CF cause airway liquid hyper-absorption that
leads to impaired mucuciliary clearance that results in vulnerability to lung infection,
inflammation, and consequent decline in lung function and ultimate respiratory failure.
Pharmaxis contends that as an osmotic agent mannitol will improve impaired mucociliary
clearance in CF patients urrespective of patient genotype.

Pertinent regulatory history for mannitol relevant to this application is summarized

below.

e IND was opened in November 2004, orphan status was granted in July 2005, and fast
track development status was granted in November 2006.

¢ End of Phase 2 meeting was held in February 2006, where suitable endpoints for CF
studies were discussed, and need for long-term safety data was discussed.

e Special Protocol Assessment request by Pharmaxis for one of the phase 3 studies
(Study 301) in August 2006 and another phase 3 study (study 302) in August 2007
was reviewed by the Agency, but no agreement was reached on the grounds of lack of
clear pathway and regulatory precedence for developing a product such as mannitol
for CF. The Agency nevertheless agreed with the proposed protocols in concept. The
Agency mentioned that 6 months’ FEV1 data to support efficacy would be
reasonable, but small changes in FEV1 would not be sufficient to support efficacy
and will need to be supported by secondary efficacy measures of direct clinically
relevant benefit in CF patients, such as exacerbation of CF.

e Pre-NDA meeting was held in December 2010, where Pharmaxis proposed to change
statistical analysis plans for both phase 3 studies. by

The
Agency did not agree with either of the changes and noted that protocol specified
methods are relied upon on regulatory decision-making and post-hoc analyses are
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often considered as hypothesis generating that usually require confirmation in a
subsequent program. Pharmaxis did not use these proposed post-hoc changes in the
NDA submission as the primary basis to support efficacy, and submitted data using
both the protocol-specified analysis and the proposed post-hoc changes.

3. Chemistry, Manufacturing, and Controls
The Bronchitol product contains Bronchitol capsules and a hand held dry powder inhaler
for administering mannitol into the lung. Bronchitol capsules are contained in 10 count
blister strips and packaged we

Each capsule contains 40 mg of mannitol and no excipients. The inhaler 1s
similar to other marketed single dose dry powder inhaler devices. The drug substance is
manufactured by ®® and the finished product is manufactured by
Pharmaxis in Australia. The mhaler device is manufactured by o

. A contract packaging and labeling facility
has an unacceptable cGMP
recommendation from Office of Compliance. Pharmaxis has submitted adequate stability
data to support expiry of ®@@ " All Drug Master Files (DMFs) associated with this
application were also found to be acceptable.

(b) (4)

Administration of inhaled mannitol requires steps and precautions described below.

To deliver a dose of mannitol, one capsule is placed in the chamber of the inhaler device,
buttons on the device are pressed to pierce the capsule on each end, and the patient then
breathes in rapidly and deeply through the mouthpiece.

Inhaled mannitol can cause severe bronchospasm in responsive patients. Therefore, the
first dose of mannitol is to be administered in a strict monitored setting where patients are
first treated with albuterol inhalation aerosol . ®® . and then given inhaled mannitol in
incremental steps of 40 mg (1x40 mg capsule), 80 mg (2x40 mg capsule), 120 mg (3x40
mg capsule), and 160 mg (4x40 mg capsule) mg, with FEV1 monitoring post dosing (the
procedure 1s called the mannitol tolerance test). Patients who are not responsive to the
mannitol tolerance test based on predefined criteria ze

reduction in SpO; at any time
during administration of a dose) are candidates for chronic treatment with mannitol at the
proposed dose of 400 mcg twice daily. Patients are also pretreated with albuterol
inhalation aerosol  ®® prior to every mannitol 400 mg dosing.

4. Nonclinical Pharmacology and Toxicology
The nonclinical program for the application focused on the effect of inhaled mannitol on
the respiratory system because the toxicological profile of mannitol for non-inhalation
use has been well established. Mannitol is non-carcinogenic, non-genotoxic, and non-
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teratogenic; and it is considered to be generally safe when given orally. Pharmaxis
submitted reports of up to 3 and 6 months inhalation toxicology studies in rats and dogs,
respectively. The studies showed toxicities in the respiratory system, which included
increased incidence of alveolitis and macrophages accumulation in the lung in rats, and
laryngeal ulceration in dogs. However, these findings in animals had acceptable safety
margins to support the proposed human dosage, hence, are not of concern for the
intended mannitol use in humans.

5. Clinical Pharmacology and Biopharmaceutics
The clinical pharmacology program submitted was limited because mannitol is
considered to be generally safe when given orally. This limited program is acceptable.
Pharmaxis conducted a study in 18 healthy male subjects to compare the bioavailability
of mannitol powder administered by inhalation route to mannitol administered
intravenously and orally. The relative bioavailability of inhaled mannitol compared to
orally administered mannitol was 96%.

6. Clinical Microbiology
There are no outstanding clinical microbiology issues.

7. Clinical and Statistical — Efficacy
a. Overview of the clinical program

Some characteristics of the clinical studies that form the basis of review and regulatory
decision for this application are shown in Table 1. The CF development program for
mannitol was relatively small as would be expected for a rare disease with orphan
designation. The design and conduct of these studies are briefly described below,
followed by efficacy findings and conclusions. Safety findings are discussed in the
following section.

Table 1. Relevant cystic fibrosis clinical studies with mannitol inhalation powder

ID Study Characteristics Treatment N f | Efficacy variables § Countries or
[Year*] | - Patient age, mean (range) | groups t Region

- Patient characteristics (% US

- Study design, objective patients)

- Study duration
Dose-ranging
202 - 19 (7-68) yrs Mannitol 40 mg 48 1° AFEV, Canada,
[2006- - Cystic fibrosis Mannitol 120 mg Argentina
2008] - Crossover, open label Mannitol 240 mg (0% US)

- 2 weeks, 1 week washout Mannitol 400 mg
Pivotal confirmatory
301 - 23 (6-56) yrs Mannitol 400 mg 176 | 1°: AFEV, predose from UK, Ireland,
[2007- - Cystic fibrosis Control 118 | baseline through week 26 New Zealand,
2009] - Parallel arm, blinded 2° AFEV,5.5 FVC, Australia,

- 26 weeks pulmonary exacerbation, (0% US)

QOL using CFQ-R, rescue
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ID Study Characteristics Treatment Nt | Efficacy variables § Countries or
[Year*] | - Patient age, mean (range) | groups t Region

- Patient characteristics (% US

- Study design, objective patients)

- Study duration

antibiotic use, hospitalization

302 -20 (6-53) yrs Mannitol 400 mg | 184 | 1°: AFEV, predose from US, Canada,
[2008- - Cystic fibrosis Control 121 baseline through week 26 EU, Argentina
2010] - Parallel arm, blinded 2° AFEV,s.55 FVC, (~46% US)

- 26 weeks pulmonary exacerbation,

QOL using CFQ-R, rescue
antibiotic use, hospitalization

* Study ID, and [year study subject enrollment started-ended]

+ Mannitol = mannitol inhalation powder 400 mg twice daily; Comparator = mannitol inhalation powder 40 mg (felt to
be sub therapeutic) twice daily

1 ITT, number randomized and received at least one dose of study medication

§ Primary efficacy variables and selected secondary efficacy variables are shown

b. Design and conduct of studies
Study 202 was crossover in design, conducted in patients with CF with FEV1 of 40-90%
predicted. The design of the study was problematic because all patients began their
treatment sequence with the highest 400 mg twice-daily dose with subsequent
randomization to other treatments.

Studies 301 and 302 were similar in design. These were parallel group studies conducted
in patients with CF with FEV1 of 30-90% predicted for study 301 and 40-90% predicted
for study 302. Patients with lung transplant or listed for lung transplant, and those with a
history of significant hemoptysis (> 60 mL within 3 months of enrollment) were
excluded. Patients were allowed to continue their chronic medication regimens, however,
the use of inhaled hypertonic saline, a commonly used but not FDA-approved treatment
for CF, was not permitted. Patients were initially screened to determine eligibility and
randomized to treatment arms once they were determined to be eligible, but start of study
drug occurred after 2-5 weeks of the screening period. Screening eligibility included
negative mannitol test following procedure described in section 2 above. Study treatment
arms and primary and secondary efficacy variables are shown in Table 1. The study had
26 weeks of randomized treatment period where mannitol 400 mg twice daily or control
was administered in a blinded way, followed by 26 weeks of open label treatment period
where patients completing the randomized treatment period were offered the opportunity
to continue mannitol 400 mg twice daily with the aim of gathering safety data for a total
of 52 weeks. The randomized treatment period had clinic visits at weeks 0 (baseline, just
prior to start of randomized treatment), 6, 14, and 26. The primary efficacy analysis was
specified as mixed model for repeated measures (MMRM), and the efficacy population
was ITT defined as all subjects randomized who received at least one dose of the study
medication. The MMRM method requires at least one post-treatment visit data. One
interim efficacy analysis was planned resulting in the two-sided significance level for the
final analysis being adjusted to 0.0498. Safety assessments included adverse event
recording, and limited clinical laboratory and hematology measures.
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c. Efficacy findings and conclusions
The clinical data suggest that there is a possible numerical improvement of FEV1 in
patients with CF with treatment of mannitol, but the data do not provide substantial
evidence of efficacy of mannitol for the management of patients with cystic fibrosis.

Dose ranging efficacy data was limited and was generated only from study 202, which
suggested a dose related increase in FEV1 for the 120 mg, 240 mg, and 400 mg mannitol
doses, with a small numerical decrease in FEV1 for the 40 mg dose. With this limited
data Pharmaxis decided to study the 400 mg dose in pivotal confirmatory studies 301 and
302, and use 50 mg mannitol as control in these studies. This decision was not
unreasonable because conducting large dose ranging study is difficult with a limited pool
of available patients with CF. Using mannitol as control was necessary because of sweet
taste of mannitol that made blinding difficult without using a sweet tasting agent.

One of the major problems with the pivotal confirmatory studies was that a large number
of patients discontinued from the studies and the discontinuations were more common in
the mannitol groups than control groups. As shown in Table 2, the discontinuation was
seen mainly in study 301, but also occurred in study 302. The discontinuations occurred
at all time points, including before receiving study drug, after receiving study drug but
prior to any post-baseline efficacy assessment, and also later during the 26 weeks of
treatment (Table 2). The large number of discontinuations creates problems as it
necessitates exclusion of subjects with no post-baseline data from the analysis because
the protocol specified MMRM analysis requires at least one post-treatment visit data and
imputation of missing data for other subjects who reported some but not complete post-
baseline scores. Exclusion of subjects and/or imputation of missing data can introduce
bias, which was particularly a problem in these studies because the discontinuations did
not occur at random, and occurred more in mannitol treatment arm and was mostly due to
patients not able to tolerate mannitol. Because of these discontinuations, the comparison
between mannitol and control treatment arms becomes of questionable validity. Patients
completing treatment in these two treatment arms are different because patients in the
mannitol treatment arm are “tolerators” of mannitol, whereas patients in the control
treatment arm are a mixture of “tolerators” and “non-tolerators” as their status of
mannitol tolerance are not known.

Table 2. Discontinuation of patients from the studies 301 and 302

Study 301 Study 302
Mannitol Control Mannitol Control

Randomized 192 132 192 126

Withdrew before receiving study drug 15 14 8 5

Withdrawn because missing baseline FEV1 | 0 0 0
ITT, (100%) 176 118 184 121

Discontinuations, no post-baseline assessment 20 6 7 1
MITT, shown as n (%) 156 (89%) 112 (95%) | 177 (96%) 120 (99%)

Discontinuations, during study 44 26 24 13
Completed 26 week treatment 112 (64%) 86 (73%) | 153 (83%) 107 (89%)
Reasons for discontinuations
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Study 301 Study 302
Mannitol Control Mannitol Control
Withdrew by patient 28 22 13 7
Adverse event 29 10 13 5
Physician decision 6 0 2 1
Sponsor decision 1 0 0 0
Other reasons 1 0 3 1

With the limitation created by missing data discussed above, analyses of the primary
efficacy variable of change from baseline in FEV1 from the pivotal confirmatory studies
are shown in Table 3. Using the protocol specified mixed model for repeated measures
(MMRM) method, statistical significant difference between mannitol and placebo was
seen in study 301, but not in study 302 (Table 3). The MMRM requires at least one post-
treatment visit data; therefore, the MITT (Table 2), was used in this analysis. Using a
baseline observation carry forward (BOCF) method on the ITT populations, statistically
significant difference between mannitol and control was seen in study 301, but not in
study 302 (Table 3). BOCEF is not necessarily an ideal method to impute missing data
because it may underestimate the variance, but this method provides a conservative
estimate of the treatment effect in the ITT population. Using a cumulative responder plot
(Figure 1) and responder analyses at specific thresholds (Table 3), where patients with
missing data are classified as non-responders, results were mixed. The cumulative
responder plots showed fairly consistent separation between mannitol and control arms
across various cutoffs of FEV1 values suggesting an effect of mannitol on FEV1;
however, tests of differences between these curves at specific thresholds were not
statistically significant in study 301.

Study 301 has major limitation because of missing data noted above. Although study 302
does not have this major limitation of missing data, the study did not reach the usually
accepted statistical threshold of significance as discussed above (Table 3). There was
also another concern with the study. In this study the FEV1 increased by approximately
60 mL from time of screening and randomization (2-5 weeks before starting randomized
treatment) to baseline (week 0 of randomized treatment) in the control group, while
FEV1 remained stable over this time period in the treatment group. The reason for this
change in FEV1 in the control group is unknown.

Table 3. Efficacy analysis from studies 301 and 302

Mannitol Control Comparison, Mannitol - Control
LS Mean 95% ClI p-value

MITT *: AFEV, predose from baseline through week 26, in mL
Study 301 (m=156, c=112) 118 35 83 (39, 127) <0.001
Study 302 (m=177, c=120) 107 52 54 (-2,110) 0.059
ITT 1: AFEV, predose from baseline through week 26, in mL
Study 301 (m=176, c=118) 81 19 62 (15, 107) 0.010
Study 302 (m=184, c=121) 76 12 65 (-5,134) 0.070

Odds Ratio 95% CI p-value
ITT responder analysisi: AFEV, predose from baseline through week 26, in mL
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Mannitol Control Comparison, Mannitol - Control
LS Mean 95% CI p-value

Study 301 (m=176, c=118)

FEV increase =50 mL 73 42 1.2 (0.8, 2.0) 0.420

FEV increase >100 mL 62 33 1.3 (0.8,2.2) 0.312
Study 302 (m=184, c=121)

FEV increase >50 mL 97 48 2.0 (1.2,3.3) 0.008

FEV increase =100 mL 84 43 1.7 (1.0, 2.8) 0.041
* Analysis using MMRM. MITT group is used and excludes subjects with no post-baseline data, and addresses the
patient discontinuations by assuming data is missing at random.
T Analysis using BOCF. ITT group is used and 26-weeek data for patients who discontinued is imputed as having not
changed from baseline (i.e., 0 is imputed for the change from baseline in FEV1).
T Analysis using entire ITT group. patients with m.issing data classified as non-responders.
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Figure 1. Responder analysis for observed FEV1 change from baseline to week 26 in study 301 (left
panel) and study 302 (right panel). Patients with missing data are classified as non-responders.

Efficacy data in pediatric patients ages 6 to 17 years were less impressive, particularly so
in study 301. Analysis of the FEV1 data in this subgroup of patients demonstrates
minimal to no difference between mannitol and control treatment arms (data not shown in
this review).

The FEV1 data analyses presented in Table 3 and Figure 1 and discussed above suggest
an effect of mannitol on FEV1. The point estimate of the FEV1 improvement ranged
from 54 to 83 mL (2.5% to 4%), but the confidence interval was not able to exclude
worsening of FEV1. The FEV1 effect size seen in this program was generally small to
modest and not replicated in two studies. The FEV1 efficacy measure in CF is a
surrogate, with the expectation that FEV1 improvement with mannitol will result in some
direct measure of clinical benefit. None of the secondary efficacy endpoints that directly
measure clinical benefit in CF, such as exacerbation, QOL using CFQ-R, rescue
antibiotic use, and hospitalization, showed statistically significant difference between
mannitol and placebo (data not shown in this review). Given the uncertainties raised by
missing data on the FEV1 findings in study 301, lack of statistical significance for FEV1
mn study 302, and lack of strong support from secondary efficacy measures of clinical
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benefit, the data from the submitted program do not show substantial evidence of efficacy
for mannitol for the management of patients with CF to improve lung function.

8. Safety
a. Safety database

The safety assessment of mannitol for CF patients is based primarily on studies 301 and
302 and their long-term extensions (Table 1). A total of 719 patients were administered
the mannitol tolerance test of whom 77 failed and the remaining 642 were randomized
(Table 2). A total of 600 patients received at least one dose of study treatment and
comprise the ITT and the safety population (Table 2). Of the safety population, 361 were
exposed to mannitol for at least 6 months and 117 were exposed to mannitol for at least
one year. The safety database is reasonable considering that CF is an orphan disease.

b. Safety findings and conclusion
The safety data raises concerns for mannitol related to local lung reactivity leading to
many patients discontinuing from the studies, and increased frequency of hemoptysis.
This is not unexpected because mannitol is approved (as Aridol) for use for assessment of
airway responsiveness and has the ability to cause severe bronchoconstriction in
susceptible subjects.

Discontinuations due to tolerability issues are discussed in section 7 above. A large
number of patients was not able to tolerate mannitol and discontinued from the study
from both treatment arms, but more in the mannitol treatment arm (Table 2).

Hemoptysis was a major safety concern with mannitol. Patients with history of severe
hemoptysis (>60 mL) within 3 months prior to the study were excluded from studies 301
and 302. Nevertheless, hemoptysis with varying degree of severity was common during
double-blind randomized period, occurring with higher frequencies in mannitol arm
compared to control arm (Table 4). Patients who continued to open label treatment had
increased frequency of hemoptysis once they switched from control treatment to mannitol
treatment (Table 4). Hemoptysis in pediatric patients occurred more in mannitol arm
compared to control arm, occurred in higher frequency than in adults, and with frequency
increasing with decreasing age (Table 5). Age related increase in hemoptysis may be due
to higher lung delivery of mannitol in younger patients, as the dose of mannitol was same
across all age groups.

Table 4. Rates of hemoptysis in studies 301 and 302 expressed as number (percentage)

Double-bling period, 26 wk Open-label period, 26 wk

Mannitol Control Previous Preveious

N=361 N=239 Mannitol Control
N=250 N=180

Any hemoptysis adverse event 34 (9.4) 13 (5.4) 17 (6.8) 13(7.2)
SAE of hemoptysis 8(2.2) 2 (0.8) 4(1.6) 5(2.8)
Withdrawal due to hemoptysis 6 (1.7) 0 1(0.4) 2(1.1)
Severe hemoptysis * 4(1.1) 1(0.4) 2 (0.8) 3(1.7)

* As judged by the investigator
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Table 5. Rates of hemoptysis by age during double-blind period in studies 301 and 302 expressed as
number (percentage)

Adults, > 18 yr Adolescent, 12-17 yr Pediatric, 6-11 yr

Mannitol  Control | Mannitol  Control | Mannitol  Control
N=207 N=134 N=88 N=64 N=66 N=41

Any hemoptysis adverse event 22 (10.6) 11(8.2) 8(9.1) 2(3.1) 4(6.1) 0
SAE of hemoptysis 524 1(0.7) 3334 1(1.6) 0 0
Withdrawal due to hemoptysis 6 (2.5) 0 0 0 0 0
Severe hemoptysis * 2 (1.0) 1(0.7) 1(1.1) 0 1(1.5) 0

* As judged by the investigator

Some other adverse events that may reflect lung irritation and tolerability also occurred
with higher frequency in mannitol treated patients compared to control (cough 26% vs
21%, pharyngolaryngeal pain 12% vs 8%, and bronchospasm 2% vs 0%). CF
exacerbation rates did not differ between treatment groups, but this event was difficult to
discern because of overlapping pulmonary symptoms from worsening CF and from local
lung irritation due to mannitol. The frequency of lung infection with identified
respiratory pathogens did not differ between treatment groups.

Given the known profile of mannitol, routine clinical laboratory testing was minimal and
included evaluations of hematology and serum chemistries including liver transaminases
at baseline and at the end of the double-blind treatment period. There were no significant
changes in these parameters through the treatment period. Sputum cultures were also
evaluated to determine if mannitol could have an effect on respiratory pathogens
observed in CF patients. There was no meaningful difference between the types of
pathogens identified in patients treated with mannitol compared to control. Growth of
respiratory pathogens in airway is of interest because mannitol can theoretically provide a
conducive environment in the lung for growth of pathogens.

There was one death reported in the program. A 15-year old patient with severe CF
randomized to control group in study 302 died approximately 5 months into treatment
due to worsening lung disease and respiratory failure.

The safety data discussed above raises safety concerns for mannitol. Increased frequency
of local lung adverse events and problems with tolerability with mannitol raises the
question of whether the mannitol tolerance test (described in section 2 above) used for
determining eligibility was too permissive and allowed inclusion of patients who
otherwise should have been excluded. As a frame of reference, the FEV1 cut off used to
assess bronchial hyperresponsiveness with Aridol is more stringent than what was
allowed in studies 301 and 302. Also, it is possible that the mannitol 400 mg twice-daily
dose used in the two studies may have been higher than necessary. The observation of
increased frequency of hemoptysis seen with decreasing age suggests that at least in
pediatric patients the dose was rather high. Comparative efficacy data using the 400 mg
twice-daily dose and a lower dose can address this, however; lack of efficacy with the

Reference ID: 3277774




11

400 mg twice-daily dose in pediatric patients argues against testing a lower dose, at least
in pediatric patients.

c. REMS/RiskMAP
Not relevant in this review cycle as the application will not be approved.

9. Advisory Committee Meeting
A meeting of the Pulmonary-Allergy Drugs Advisory Committee (PADAC) was held on
January 30, 2013, to discuss this application. The major issues for discussion were the
adequacy of the efficacy data to support the proposed indication, the adequacy of the
safety database for making an informed benefit-risk assessment, and the benefit-risk
assessment for mannitol 400 mg twice daily for its proposed indication of management of
CF in patients 6 years of age and older to improve pulmonary function. In general, the
committee members were concerned with missing data in study 301; lack of
demonstrated substantial evidence of efficacy for FEV1 as the finding was not replicated;
and lack of support from secondary efficacy measures of clinical benefit. The committee
members were concerned with poor tolerability of mannitol, and local lung adverse
events, particularly hemoptysis. Committee members were concerned that hemoptysis
occurred in a large number of mannitol treated patients where the study protocol screened
for hemoptysis and excluded patients with recent history of hemoptysis. The committee
members were particularly concerned that pediatric patients 6-17 years of age had very
little numerical trends of efficacy, but had higher frequency of hemoptysis compared to
adults. Some members of the committee thought that the dose studied in pediatric
patients was possibly too high. Committee members thought that some sub group of
patients may derive benefit from mannitol, the sub group is not defined in the studies
conducted, but the data suggest that the sub group may be adult patients with CF. On
voting questions, the Committee voted unfavorably regarding whether there was
substantial evidence of efficacy (11 no, 3 yes, and 0 abstain), and also voted unfavorably
on the safety of mannitol (11 no, 3 yes, and 0 abstain). Regarding the approvability
question, which is essentially the sum of the demonstration of efficacy and safety, the
results were unanimous against approval (14 no, 0 yes, 0 abstain). Overall, panel
members felt that Pharmaxis should conduct a rigorous, well-designed program, informed
by the two studies to institute design elements that will reduce discontinuation. The
panel members felt that the FEV1 threshold for passing mannitol tolerance test used in
these studies was high and should be reduced in future studies.

10. Pediatric
CF is an orphan disease and not subject to PREA requirements.
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11. Other Relevant Regulatory Issues
a. DSI Audits

DSI audited three US and two ex-US sites recommended by the clinical review team.
These sites enrolled slightly larger number of patients compared to other sites. No
irregularities were identified that would impact data integrity. During review of this
application, the review team did not identify any irregularities that would raise concerns
regarding data integrity. All studies were conducted in accordance with accepted ethical
standards.

b. Financial Disclosure
The applicant submitted acceptable financial disclosure statements. There was no
investigator with significant equity interest in Pharmaxis. No potentially conflicting
financial interests were identified.

c. Other
There are no outstanding issues with consults received from OPDP (formerly DDMAC),
DMEPA, or from other groups in CDER.

12. Labeling
a. Proprietary Name
The proposed proprietary name Bronchitol was reviewed by DMEPA and found to be
acceptable.

b. Physician Labeling
Pharmaxis submitted a label in the Physician’s Labeling Rule format that contained
information generally supported by the submitted data. The label was not reviewed in
detail because the application will not be approved in this review cycle.

c. Carton and Immediate Container Labels
Not relevant because the application will not be approved in this review cycle.

d. Patient Labeling and Medication Guide
Not relevant because the application will not be approved in this review cycle.

13. Action and Risk Benefit Assessment
a. Regulatory Action

Pharmaxis has not submitted adequate data to support approval of mannitol at a dose of
400 mg twice daily for the management of cystic fibrosis in patients 6 years of age and
older to improve pulmonary function. The submitted data do not show substantial
evidence of efficacy, and raise safety concerns. There is also an unacceptable cGMP
recommendation from Office of Compliance for a contract packaging and labeling
facility. The regulatory action for this application will be Complete Response.
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Below are clinical comments for the Complete Response action letter. Comments from
other disciplines will be incorporated from review of other disciplines.

1. 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 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
order to better balance benefit to risk, consider:1) changing the threshold for passing
for the mannitol tolerance test to make it more conservative, 2) including a lower
dose of mannitol in addition to the dose that was studied, and 3) testing efficacy and
safety initially in adults and later in children informed by data from adults. In the
clinical trial include specified criteria that address the specific safety concern of
hemoptysis.

b. Risk Benefit Assessment
The overall risk-benefit assessment do not support approval of mannitol for the
management of CF in patients 6 years of age and older to improve pulmonary function.
The submitted data suggest an effect of mannitol on FEV1, but the effect size was
generally small to modest and not replicated in two studies. None of the secondary
efficacy measures that measured clinical benefit of CF improved significantly with
mannitol. The safety data showed that a large number of patients could not tolerate
mannitol due to local lung adverse events and discontinued from the study. Hemoptysis
was a major adverse event of concern that occurred with increasing frequency with
decreasing age. Pediatric patients 6-17 years of age had very little to no numerical
trends in efficacy measures, but had higher frequency of hemoptysis compared to adults.

c. Post-marketing Risk Management Activities
Not relevant because the application will not be approved in this review cycle.

d. Post-marketing Study Commitments
Not relevant because the application will not be approved in this review cycle.
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Date February 25, 2013

From Anthony Durmowicz, M.D.

Subject Cross-Discipline Team Leader Review

NDA/BLA # NDA 202049

Supplement#

Applicant Pharmaxis, Ltd.

Date of Submission May 18, 2012

PDUFA Goal Date March 18, 2013

Proprietary Name / Bronchitol/mannitol inhalation powder

Established (USAN) names

Dosage forms / Strength Oral inhalation/40 mg gelatin capsules

Proposed Indication(s) For the management of CF in patients 6 years of age or
older to improve pulmonary function.

Recommended: Complete Response

1. Introduction

Pharmaxis Ltd. submitted a 505(b)(2) new drug application (NDA 202049) on May 18, 2012,
for the use of mannitol inhalation powder (proposed tradename, Bronchitol) at a proposed dose
of 400 mg (contents of 10 capsules) by inhalation twice daily for, “the management of cystic
fibrosis (CF) in patients 6 years of age or older to improve pulmonary function. The Applicant
1s referencing published literature to support the nonclinical pharmacology and toxicology of
mannitol. The clinical development program was conducted under IND 70277, which was
submitted on November 11, 2004. The PDUFA date for this application is March 18, 2013.

Mannitol inhalation powder is currently marketed as Bronchitol in the EU and Australia in
patients with CF ages 18 and 6 years of age, respectively, to improve pulmonary function. A
related mannitol inhalation powder product, Aridol, 1s marketed in the US and elsewhere as
part of a single use bronchial challenge test kit, indicated for the assessment of bronchial

hyperresponsiveness in patients 6 years of age or older who do not have clinically apparent
asthma.

This review will provide an overview of the application with a focus on the determination of
efficacy and evaluation of safety in patients with CF 6 years of age and older. Note that for
consistency with the Applicant’s terminology, mannitol inhalation powder will be referred to
as “dry powder mannitol” (DPM) in the rest of this review.

2. Background

Cystic fibrosis is an autosomal recessive, progressive, and usually fatal genetic disease most
common in the Caucasian population. It occurs in approximately one out of every 3,500
children born in the United States and is an orphan drug population. Lack of properly
functioning cystic fibrosis transmembrane conductance regulator (CFTR) ion channel is
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responsible for the clinical sequelae of CF, including malabsorption of nutrients, and the
presence of tenacious respiratory secretions which are difficult to mobilize, leading to
recurrent/chronic pneumonia and lung damage. There is no cure for CF and, until the recent
approval of a drug, Kalydeco, indicated for a small subpopulation of CF patients with a
G551D mutation in the CFTR, treatment for the majority of CF patients is limited to
alleviation of symptoms and treatment of complications. Over the past several decades, with
mmproved care, life expectance has increased significantly, with the current median age of
survival to the early-mid thirties. Death is typically due to respiratory failure.

Current therapies, other than antibiotics, used by patients with CF to help manage their disease
include mucolytics such as inhaled DNase and hypertonic saline (not approved in US), beta-
agonist bronchodilators, pancreatic enzyme supplements, and inhaled corticosteroids (Table 1).

Table 1. Drugs Commonly Used to Treat Cystic Fibrosis (antimicrobials excluded)
FDA-approved for CF Indication

Active Ingredient Trade Name
Inhaled Treatments used as Mucolytics
Dornase alpha (DNase) Pulmozyme Yes
Hypertonic Saline (7%) — No

Oral Pancreatic Enzyme Supplementation

Creon, Pancreaze, Zenpep,

Pancrease, pancrelipase Pancrelipase Yes
Inhaled Bronchodilators
Albuterol sulfate Pro-Air, Ventolin, Proventil Approved as bronchodilators
Levalbuterol hydrochloride Xopenex Approved as bronchodilators
Anti-Inflammatory Agents
Inhaled corticosteroids | Asmacort, Flovent, Pulmicort, Qvar | Approved as asthma controllers

[Source: Approved labeling data from Drugs@FDA. gov]

Relevant Regulatory History for Dry Powder Mannitol for CF

The IND for DPM (IND# 70,277) was opened in the Division of Pulmonary, Allergy, and
Rheumatology Products on November 11, 2004. DPM for the CF indication was given orphan
drug status and fast track development status on July 13, 2005, and November 8, 2006,
respectively.

e 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.

e 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).

e 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
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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
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
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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.”

3. CMC/Device

Dr. Nashed, the CMC reviewer, recommends approval from a CMC perspective, pending an
acceptable response to the establishment evaluation request (EER) (see review dated February
11, 2013). All supporting DMFs are adequate. CMC recommends that evaluation of the
robustness of the inhaler device should be a post-marketing commitment.

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 1s generally recognized as safe. As an inhaled product, mannitol
mnhalation 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. 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 product 1s package el

. Each dose consists of inhaling the contents of ten, 40 mg capsules in
succession. The proposed dose 1s 400 mg (10 capsules) inhaled twice daily.

The inhalation device (RS01 Inhaler Model 7 HR), manufactured by Plastiape S.p.A., Italy, is
identical to the device used to dose inhaled mannitol in the approved bronchoprovocation test
kit, Aridol, except that has a higher resistance to air flow. While the mechanism of action for
both inhaler models is the same, the Aridol inhaler was intended for significantly lesser use
(maximum 57 capsules) than the use of the inhaler used in the product for CF ( )
There was some question as to the robustness of the related device during the review of the
Aridol NDA, however, because of its limited duration of use (single use test kit with drug
administered by a medical professional), it was viewed as acceptable. However, because the
proposed duration of use for the CF product L NeVYe
recommends continued evaluation of device robustness and consistency of drug delivery over
time as a post-marketing commitment.

There are no outstanding CMC microbiological issues. Stability data support a| (g month
expiry.
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4. Nonclinical Pharmacology/Toxicology

Dr. Pei, the pharmacology/toxicology reviewer for this NDA, has concluded that the
pharmacology and toxicology of mannitol inhalation powder have been adequately studied and
that the product is recommended for approval from the pharmacology/toxicology standpoint
(see review dated February 5, 3013).

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
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.

5. Clinical Pharmacology/Biopharmaceutics

Dr. Agrawal, the clinical pharmacology reviewer, recommends approval from a clinical
pharmacology perspective (see review dated February 8, 2013).

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. The bioavailability of inhaled mannitol was 59% relative to
intravenously 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.

Dose-response is summarized under Section 7 below.

6. Clinical Microbiology

Not applicable as this is not an antimicrobial product.

7. Clinical/Statistical- Efficacy

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
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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.

Table 2. Relevant Clinical Studies for Inhaled Mannitol for CF

Study/ Study Study Pt Disease Treatment N Countries
Years Type Duration | age, | severity groups (ITT)
conducted (yr) (FEV1)
Dose-ranging and Initial Phase 3 Studies
Study 202/ Dose- Four2- | 7-68 | 40-90% DPM 40 mg 48° Canada, Argentina
2005-2008 ranging, week predicted | DPM 120 mg
open-label, Rxment DPM 240 mg
Cross-over periods DPM 400 mg
Phase 3 Studies
Study 301/ Efficacy 26 6-56 | 30-90 % DPM 400 mg 177 Australia, New Zealand, UK,
2007-2009 and safety weeks” predicted | Control° 118 Ireland
Study 302/ Efficacy 26 6-53 | 40-90% | DPM 400 mg 184 United States, Canada,
2008-2010 and safety weeks® predicted | Control® 121 Argentina, Germany,
Belgium, France,
Netherlands
a. All received 400 mg dose first, then were randomized to recerve 40, 120, or 240 mg doses. 4 subjects dropped out after receiving
the initial 400 mg dose
b. Pts eligible to enroll in open-label extension of up to 52 and 26 weeks for Studies DPM 301 and 202, respectively
c. Control consisted of 50 mg mannitol inhalation powder, felt to be a subtherapeutic dose

Dose Selection

The dose ranging data for the DPM clinical program primarily comes from study 202 in which
the effect of 4 different doses of mannitol inhalation powder (40, 120, 240, and 400 mg
administered twice daily) on pulmonary function (FEV1) were assessed. The study was a
randomized, open-label, dose response study in 48 patients with CF (ITT population) 7-68
years of age and FEV1 40-90% predicted conducted in Canada and Argentina. While it had a
cross-over design (2-week treatment periods separated by a one week wash-out period), its
design was problematic in that all patients began their treatment sequence with 2-weeks of
treatment with the highest (400 mg) twice daily dose with subsequent randomization to the
other 2-week dosing treatment periods. As a result, the value of this open-label, dose-finding
study 1s limited.

The primary endpoints of interest for dose selection were per cent changes in FEV1 and FVC
between pre and post-dose measurements. Because of the known capacity of inhaled mannitol
to cause acute bronchoconstriction, eligible patients were given a mannitol
bronchoprovocation test (mannitol tolerance test, MTT) under medical supervision to screen
for airway hyperresponsiveness. Forty-four patients who did not demonstrate airway
hyperresponsiveness comprised the ITT population, 44 patients completed the study, and 38
patients were in the PP population (defined as those who completed the study with no missing
data).

Given the above-mentioned problematic study design, results from study 202 seem to support
the selection of the 400 mg twice daily dose. Improvements in per cent 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. Results for FVC were similar. Also, based on the lack of response to 40
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mg and the need to meet the requirements of matching taste (mannitol has a sweet taste) and
appearance, Pharmaxis chose a 50 mg inhaled mannitol twice daily dose (5 mg 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:

. Short acting bronchodilator
. Study drug

. Chest physiotherapy

. thDNase (if used)

. inhaled antibiotics (if used)

AN O B~ W=

. 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.

The primary efficacy endpoint was absolute change from baseline (mL) in FEV1 at week 26.
Baseline FEV1 was obtained at week 0 (visit 1).
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Other efficacy endpoints included:

e Additional spirometry assessments (FVC, FEF;s_75)

e Pulmonary exacerbations (PE) based on adverse events entered into the eCRF

e 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)

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

e Rescue antibiotic use (recorded in the study diary)

e Days in hospital due to pulmonary exacerbation

Efficacy Statistical Analyses | ssues

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, albeit much
worse in study 301. These early discontinuations, because they occurred before the first post-
baseline assessment at 6-weeks, were not captured by Pharmaxis’ statistical analysis method
(mixed model repeated measures analysis, MMRM). This “modified” intent to treat population
(MITT) therefore included only ITT patients who attended the week 6 study visit. As a result,
patients who dropped out before week 6 of either study were 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.

Compounding the early discontinuation differential missing data problem 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 for many
patients.

As a result of the differential drop-out, from a statistical perspective, any MMRM estimate of
the treatment effect using the continuous change from baseline in FEV1 outcome would not be
reliable. Therefore, sensitivity analyses assessing the impact of the missing data on the
treatment effect were necessary. However, these analyses are also problematic in that they do
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not include the entire ITT population. Further, regardless of the analysis method, the
substantial differential patient drop-out (especially in study 301) ultimately creates two,
unequal patient populations; those that can tolerate the active treatment and those that may or
may not be able to tolerate the treatment. Any comparison between such unequal study
populations for the basis of making a regulatory decision is suspect.

Another analysis 1ssue 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% 1n 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.

Table 3. Pattern of Withdrawal (Missing FEV1 Data) by Treatment Group, N (%) ITT Population

Study CF301 (N=295) Study CF302 (N=305)
Number Number Percent Number Number Percent
Missing Missing Missing Missing |

DPM

Week 0 176 0 0 184 0 0

Week 6 156 20 114 174 10 54

Week 14 132 44 250 167 17 9.2

Week 26 116 60 341 157 27 14.7
Control

Week 0 118 0 0 121 0 0

Week 6 112 6 51 119 2 17

Week 14 103 15 12.7 116 5 41

Week 26 89 29 246 111 10 83

[Source: Modified from FDAs Biostatistical review, Table 5, p. 17]
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An estimation of treatment compliance was made by counting used and unused blister packs
that patients were to return at each assessment visit for compliance checks. However, given the
large number of study drop-outs who may not have returned blister packs and the length of
time (up to 12 weeks) between assessments that patients would need to collect the packs, the
determination of treatment compliance is not felt to be reliable. Nevertheless, median
compliance for studies 301 and 302 was reported as between 89-95%.

e Primary Endpoint: Absolute Changein FEV1
The primary efficacy endpoint for both phase 3 studies was absolute change in FEV1 from
baseline across the 26 week of double-blinded study period.

Following are the efficacy results using Pharmaxis’ MMRM analyses for the MITT
population. These analyses are problematic in that they do not include the entire ITT
population and the MRMM model does not appropriately account for the differential rates of
patient drop-out that is higher in the DPM groups. Sensitivity analyses were undertaken by the
Applicant and the FDA statistical team with the goal of understanding the impact the missing
data had on the pre-specified primary efficacy analyses. Most of the Applicant’s sensitivity
analyses were inadequate in that they continued to rely heavily on the missing at random
assumption (as was the case with the MMRM analysis). These methods therefore impute
missing data by preserving the treatment effect that was observed prior to discontinuation,
even though DPM patients who have dropped out are no longer taking the drug and would not
derive any benefit. Because the single imputation baseline-observation-carried-forward or
BOCEF approach does not have the above-mentioned faults, it is included as an additional
sensitivity analysis in this review.

Using the analysis for the MITT population, for study 301, the adjusted mean value for
absolute improvement in FEV1 (mL) from baseline in the DPM group was 118.0 mL versus
34.9 mL in the control group with the overall treatment effect averaged across the 26-week
treatment period statistically significantly favored DPM at 83.1 mL; 95% CI (39.5, 126.8)
(Table 4).

For study 302, the adjusted mean value for absolute improvement in FEV1 (mL) from baseline
in the DPM group was 106.5 mL versus 53.4 mL in the control group (Table 4). While the
overall mean treatment effect numerically favored DPM at 54.1 mL; 95%CI (-2.0, 110.3), the
treatment difference did not meet the interim-analysis-adjusted o of 0.0498 (p=0.059).
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Table 4. Primary Analysis-Absolute Change from Baseline FEV1 (MITT Population)

DPM 400mg Control* Treatment-Comparison
DPM 400mg - Control
LS mean (SE) | 95% CI |  p-value

Average effect from week 6 to week 26 [LS mean (SE)]
Study 301
(m=157, c=112) 118.0 (15.3) 349 (174) 83.1(22.2) (39.5, 126.8) <.001
Study 302
(m=177, c=120) 106.5 (22.4) 524 (25.6) 54.1(28.5) (-2.0,110.3) 0.059
* Control consisted of 50 mg inhaled mannitol which, based on the results of study 202, was felt to be an ineffective dose
SE=standard error.

For Study 301, the p-value. LS mean, and LSMD obtained from an MMRM repeated model with change from baseline in trough FEV1 as
response, and the following predictors: treatment, visit, age, thDNase use, baseline FEV 1, disease severty (baseline FEV1 % predicted),
gender, region, and subject (as a random effect). This is the model pre-specified in the SAP for study 301.

For Study 302, the p-value, LS mean. and LSMD obtained from a similar MMRM repeated model as was specified in the SAP for Study
301: only differences are replacing region with country and adding the visit by treatment interaction term.

[Source: Modified from FDA’s Biostatistical review, Table 7, p. 20]

As mentioned above, the BOCF approach as a sensitivity analysis, while conservative, does
not, as the MRMM analyses do, presume that any benefit received by a patient before he/she
drops out would be maintained over the rest of the course of the study. Historically, this
approach has often been used by the FDA and sponsors to evaluate efficacy in the presence of
missing data such as is displayed in these studies. However, as noted in the FDA statistical
review, the BOCF also has limitations because variance in data may be underestimated and, as
such, any confidence intervals may be overly narrow. Using the BOCF analysis, for Study
301, the difference in primary endpoint between DPM and control is estimated at 62 mL, with
95% confidence intervals from 15mL to 108mL. This supports the primary analysis, but
suggests the treatment effect is less than the 83 mL observed in the MMRM analysis. Study
302’s difference 1is consistent with the pre-specified analysis and the result remains not
statistically significant (Table 5).

Table 5. Sensitivity Analysis for Primary Endpoint, BOCF, Absolute change from Baseline in FEV1 (mL)

dITT)
Treatment Comparison
DPM Control DPM--Control
LS Mean (SE) | 95% ClI | p-value
Baseline Observation Carried Forward (BOCF)
STUDY 301
(DPM=176, 80.6 (14.9) 19.0 (18.2) 61.6 (23.6) (15.2, 108.0) 0.009
Control=118)
STUDY 302
(DPM=184, 76.4 (22.4) 11.7 (27.6) 64.6 (35.9) (-5.2,134.5) 0.070
Control=121)
SE=standard error.
The p-value, LS mean, and LSMD obtained from an ANCOVA model with change from baseline to week 26 in trough FEV1 as response with
treatment as a predictor
[Source: Modified from FDA’s Biostatistical Review, Table 8, p. 21]

o Responder Analyses (dichotomized analyses)in the ITT Population
Responder analyses of the primary endpoint were constructed to provide a presentation of the
efficacy data that incorporates the entire ITT population. For this analysis, it was assumed that
missing data at weeks 6, 14, or 26 represented a failure of DPM treatment. These data may be
viewed as more representative of the entire CF population since those who could not tolerate
treatment with DPM would not be expected to receive any benefit.
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For each analysis, a patient is classified as having been successfully or unsuccessfully treated
according 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 (Figure

).

For both graphs, there is an initial dramatic drop from 100% to approximately 60% in the y-
axis, corresponding to the proportion of subjects who dropped out. Dropouts were more
frequent in the DPM group compared to control in both studies but particularly so in study
301. However, it is also evident that there is some separation between the treatment groups.
After overcoming the initial lower rates of efficacy due to the imputation of failure for patients
who dropped out, for each study, the DPM group has a numerically higher proportion of
subjects 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)]. With regard to the
statistical significance of these findings, using the Van der Waerden test to determine the
significance of the difference between treatment groups across a range of thresholds, the
changes are not statistically different between treatment groups for either study (p=0.7 for
study 301 and p=0.6 for study 302).

Figure 1. Responder Analysisfor Observed FEV1 Change from Basdineto Week 26

Study 301 Study 302
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Source: FDA’s Biostatistical Review, Figures 5 and 6, p. 23]

Because statistical hypothesis testing of the treatment effect over the entire range of thresholds,
such as with the Van der Waerden test, is not standardized, generally accepted, straight
forward statistical analyses were conducted to test for differences at different thresholds for
efficacy. Table 6 provides a comparison of treatment groups using several such thresholds in
the change from baseline in FEV1: (1) a change of at least 50 mL, (2) a change of at least 75
mL, and (3) a change of at least100 mL. All patients who dropped out before week 26 are
considered unsuccessfully treated for this analysis.

For study 301, while numerically the results favored patients treated with DPM, there were no
statistically significant differences between treatment groups in the proportion of patients who
achieved the FEV1 change from baseline at any of the thresholds examined (p values 0.259-
0.420. However, for study 302, differences between treatment groups in the proportion of
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patients who achieved a 50 mL, 75 mL, or 100 mL threshold in the change from baseline in

FEV1 were associated with p-values generally felt to represent statistical significance (p values

0.007-0.041).
Table 6. Responder Analysis Results for the Primary Endpoint at Week 26 (ITT Population)
. Odds Ratio (95%Cl)"

Response Definition DPM 400mg Control* (DPM vs. Control) p-value
Study 301

ITT” 176 118

FEV1 absolute increase=50mL 73 (41%) 42 (36%) 1.23 (0.75,2.02) 0.420
FEV1 absolute increase=75mL 66(37%) 35 (30%) 1.34 (0.80, 2.24) 0.259
FEV1 absolute increase=100mL 62 (35%) 33 (28%) 1.31(0.78, 2.21) 0.312
Study 302

ITT* 184 121

FEV1 absolute increase=50mL 97 (53%) 48 (40%) 1.99 (1.20, 3.31) 0.008
FEV1 absolute increase=75mL 92 (50%) 44 (36%) 2.01(1.21,3.35) 0.007
FEV1 absolute increase=100mL 84 (46%) 43 (36%) 1.69 (1.02, 2.80) 0.041
* Control consisted of 50 mg inhaled mannitol which, based on the results of study 202, was felt to be an ineffective dose

1. Logistic regression with treatment, thDNAse use, region (or country for Study 302), baseline FEV1, gender, age, and FEV1 severity at
screening (SAP pre-specified model)

2. Included the patients who dropped out before week 6.

[Source: Modified from FDA’s Biostatistical Review, Table 9, p. 24]

In summary, given the difference in results when data for missing patients are included in the
analyses along with the patients with observed data, from a statistical perspective, a replicated
statistically significant effect of DPM on the primary efficacy endpoint has not been
demonstrated and, as such, the overall effect of DPM in CF patients in terms of the change
from baseline in FEV1 in the ITT population cannot be confirmed.

e Secondary Efficacy Endpoints
It 1s notable that for study 301, no secondary endpoints were distinguished as being part of a
pre-specified multiplicity plan to control type I error. For study 302, the protocol did not
designate any key secondary endpoints or provide a multiplicity plan for the secondary
endpoints; however, the SAP specified a multiplicity correction (using Holmes procedure) for
the following secondary endpoints.

o Change in absolute FVC from baseline across the 26 weeks of blinded
treatment overall and by RhDNase use

o Change from baseline in percent predicted FEV1 over the blinded treatment
period

o Sputum weight post-treatment at baseline

o Change from baseline in absolute FEV1 across the 26 weeks of blinded
treatment in RhDNase use group

o Change in absolute FEF25-75 from baseline across the 26 weeks of blinded
treatment overall and by rhDNase use

e Secondary Spirometry Endpoints
Spirometric endpoints other than FEV1 (FVC, FEF,s5.75) 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,
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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.

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.

In summary, substantial demonstration of efficacy for DPM indicated for the management of
CF in patients 6 years of age or older to improve pulmonary function has not been
demonstrated. While Study 301 appeared to demonstrate a statistically significant increase in
absolute FEV1 across the 26-week treatment period when the MMRM analysis was utilized,
the results were confounded by substantial missing data and differential withdrawal of patients
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in the active treatment group which the MMRM statistical analysis method could not account
for, thus relying on multiple sensitivity and responder analyses to determine a range of
possible FEV1 treatment effect. These additional analyses, conducted by both the Applicant
and FDA statistical team fail to confirm a substantial demonstration of a treatment effect on
the primary efficacy endpoint for either study 301 or 302. 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).

In addition, the differential withdrawal of patients in the active treatment group ultimately
created different unequal treatment and control patient subpopulations which make any
comparison between them for the purpose of determining efficacy suspect. Further, any
potential increase in FEV1 suggested in Study 301 was not supported by non-spirometric
secondary endpoints or the results of Study 302, in which the change in FEV1 between
mannitol and control treatment groups failed to reach statistical significance.

8. Safety

o 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
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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%).

e 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.

e Serious Adverse Events and Discontinuations due to Adver se 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.
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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, and AEs
in patients receiving DPM compared to control (Table 7). For patients who continued into
open-label treatment, those who received control in the double-blind phase note an increased
reporting of hemoptysis events once beginning DPM that is similar to those patients who
received double-blinded DPM treatment.

Table 7. Rates of Reported Hemoptysis Events for Phase 3 Program

Phase 3 Controlled Studies Phase 3 Controlled Studies®
Double-Blinded Phase Uncontrolled Open-Label Phase

Category DPM 400mg Control* Prev. DPM 400 Prev. Control

N=361 (%) N=239 (%) N=250 (%) N=180 (%)
Withdrawal due to AE- 6(1.7) 0 1(0.4) 2(1.1)
Hemoptysis
SAE 8(22) 2(0.8) 4(1.6) 5(2.8)
Hemoptysis
AE 34 (04) 13 (5.4) 17 (6.8) 13(72)
Hemoptysis
Severe AE 2011 1(04) 2(08) 3(1.7)
Hemoptysis
* Control consisted of 50 mg of mannitol, the active drug product
a= All patients who continued into OL extension received DPM 400mg BID
[Source: Module 5.3.5.3. ISS, Modified from Applicant’s Tables 24, 27, 28, 29, 38, 40, 41, 42; ISS Appendix table
ist20suml 101]

The occurrence of hemoptysis was also increased in children who received DPM compared to
control (Table 8). In the safety (ITT) population, 4 patients (6.1%) in the DPM 400mg group
aged 6 to 11 years reported an AE of hemoptysis, versus none in the control group. In
addition, 8 patients (9.1%) of the patients in the DPM 400mg group versus 2 (3.1%) control,
aged 12 to 17 years of age, reported hemoptysis. The values between adult groups were
similar, at 10.6 vs. 8.2%, respectively.
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Table 8. Hemoptysis Events by Age

Phase 3 Controlled Studies Double-Blinded Phase

Category DPM 400mg Control* Total
N (%) N (%) N (%)

Pediatric (6-11 yr) N=66 N=41 N= 107 (18%)
Any Hemoptysis 4(6.1) 0 4(6.1)
Severe AE 1(1.5) 0 1(1.5)
SAE 0 0 0
WD due to AE 0 0 0
Adolescent (12-17 yr) N=88 N=64 N= 152 (25%)
Any Hemoptysis 8(9.1) 2(3.1) 10 (6.6)
Severe AE 1(1.1) 0 1(0.7)
SAE 3(34) 1(1.6) 4(2.6)
WD 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)
SAE 5(24) 1(0.7) 6(1.8)
WD due to AE 6(2.9) 0 6(1.8)
* Control consisted of 50 mg of mannitol, the active drug product
[Source: Module 5.3.5.3. ISS, Section 7.3.3, Modified from Applicant’s Table 33]

o Exacerbations (Condition Aggravated)
Exacerbations were evaluated both as efficacy and safety parameters in the Phase 3 studies.
For study 301 but not 302, the annual rate of PDPE was numerically lower in the DPM group
than in the control group (full results for PDPE are provided under efficacy secondary
endpoints above). With regard to investigator reported exacerbations (reported as “condition
aggravated”), a greater percentage of patients (20%) in the DPM group reported SAEs of
exacerbations compared to 18% in the control group.

o Other Adverse Events of Interest

Cough, pharyngolaryngeal pain, bronchospasm, and pulmonary infections were noted as other
adverse events of interest. Cough is ubiquitous in patients with CF but, as would be expected
based on the known effects of DPM when inhaled, was reported more frequently as an AE in
DPM patients and likely contributed to the poor tolerability of DPM in some patients.
Pharyngolaryngeal pain, also reported more commonly in DPM treated patients also
contributed to the lack of tolerability in patients. On the other hand, there did not appear to be
a significant increase in the overall incidence of bronchospasm or a change in pulmonary
respiratory pathogens detected in CF patients who received DPM.

e Common Adverse Events
With regard to common adverse events, the overall rate was similar across the treatment arms
of the two controlled trials (88-90%; Table 9). Cough was the most common AE reported.
Overall, the types of events are to be expected in the CF population, however, AEs likely
related to the bronchial irritation as a result of inhaled mannitol powder such as cough,
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hemoptysis, pharyngolaryngeal pain, and vomiting were seen more in patients who received

DPM.

Table 9. Common Adverse Events in >4% of Patients and Occurring at a Frequency Greater than in

Control (Studies 301 and 302)

DPM 400mg Control*
Event by Preferred Term N=361 (%) N= 239 (%)
Patients with any AE 319 (88) 215 (90)
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)
* Control consisted of 50 mg of mannitol, the active drug product
a= Includes the terms “cough,” and “productive cough™
b= Includes the terms “vomiting,” and “post-tussive vomiting™
[Source: Module 5.3.5.3.28, ISS Appendix Table 1st20suml 101]

Subgroup analysis of AEs by age, gender, and CF severity were evaluated. With regard to
children, the pediatric population (< 18 years old) accounted for 43% of the safety data base
(259 of 600). In general, the number of patients with any AE (95% vs. 92%) and with any
SAE (28% vs. 20%) are both higher for the control group over DPM. Consistent with the
overall population, the number of pediatric patients with an AE leading to discontinuation was
higher in the DPM 400mg group (6% vs. 3%). Reasons for discontinuation were likely due to
mability to tolerate chronic DPM therapy and included: condition aggravated (2), cough (2),
chest discomfort (1), hyperventilation (1), pharyngolaryngeal pain (1), asthma (1), and throat
uritation (1). The increase in hemoptysis in pediatric patients receiving DPM, especially in the
6-11 year age group, was more notable than in adults (Table 6).

Notable findings also include an almost 2X increase in hemoptysis in CF patients with severe
lung disease (defined as an FEV1 < 40%predicted) at 19% vs 10% for the DPM and control
groups, respectively.

e Other Safety Parameters
Given the known safety profile of mannitol, routine clinical testing for this safety program was
minimal but included evaluations of hematology and serum chemistries including liver
transaminases at baseline and at the end of the double-blind treatment period. Overall, there
were no significant differences in the occurrence of post-baseline laboratory abnormalities
throughout the 26-week treatment period between treatment groups. Sputum cultures were also
evaluated to determine if DPM could have an effect on respiratory pathogens observed in CF
patients. There was no meaningful difference between the types of pathogens identified in
patients treated with DPM compared to control.

In summary, from a safety perspective, the safety database also reflected the issues related to
dropouts, with higher rates of treatment-related discontinuation for DPM-treated patients
throughout the double-blinded treatment periods, at a rate of 2:1 for those on DPM over
control. For those patients who were able to tolerate DPM and continue treatment, cough and
hemoptysis occurred at consistently higher rates than in controls across all adverse event
reporting categories. In the total safety population, hemoptysis was noted in twice as many
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DPM 400mg-treated patients than those receiving controls. This small but clear signal for
hemoptysis occurred even in the youngest age group of 6 to 11 year-olds, raising issues of
safety specifically for pediatric patients. While no patients died from hemoptysis events in the
safety population during the conduct of these studies, the long-term effect of the 2-to-4-fold
increases in hemoptysis seen in this program, when projected to chronic use over the course of
a CF patient’s lifetime, is unknown. There were not many additional concerns, with overall
numbers, in terms of SAE and AEs, slightly favoring DPM treatment.

9. Advisory Committee Meeting

On January 30, 2013, the Division and Pharmaxis discussed the findings from the inhaled
mannitol NDA at a Pulmonary-Allergy Drugs Advisory Committee (PADAC) meeting.

There were 6 points for discussion and voting:

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.

2. (DISCUSSION) Discuss the overall safety profile of DPM.

3. (DISCUSSION) Discuss the support for efficacy and the safety profile of DPM in children
and adolescents 6-17 years of age.

4. (VOTE) 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? If not, what further efficacy data should be obtained?

VOTE: YES: 3 NO: 11

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

VOTE: YES: 3 NO: 11

6. (VOTE) 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? If not, what further data should be obtained?

VOTE: YES: 0 NO: 14

With regard to efficacy, the committee noted concern over the relatively small effect size, and
the difficulty knowing the true treatment effect, given the differences in comparator groups
due to the large number of differential drop-outs especially in study 301. There were some
comments that DPM did not show strong statistical evidence that would meet the regulatory
definition of substantial evidence. Two members also commented that there did seem to be
evidence of efficacy, at least in adults. Another member noted that the first study which met
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statistical significance was “plagued with missing data,” had no US patients, and saw no
differences in children, while the second study which was free of these issues did not
demonstrate statistical significance.

With regard to safety, members expressed concern for the high occurrence of hemoptysis in
patients receiving DPM, especially children. One member noted that the number of
hemoptysis cases in the trials can not be underestimated, as hemoptysis is relatively
uncommon in pediatrics and is of concern as the lungs of children are still growing and
repeated insult may lead to chronic injury to the airways.

With regard to the overall discussion of risk-benefit, one member commented that there is no
benefit in the population <18 years of age. Another member noted that if the sponsor is using
FEV1 as a surrogate for efficacy, then it is a poor surrogate and that there was no evidence that
the quality of patients’ lives were improved on the basis of the improvement in FEV1
observed.

Another member expressed that in the face of a small benefit, the importance of the safety of
the drug becomes more prominent, especially for patients that are desperate for a solution, and
we should not provide a drug just to give patients something.

10. Pediatrics

The safety and efficacy of DPM in patients 6 to 17 years of age with CF was assessed in both
studies 301 and 302. Subgroup analyses suggest that there may be less of a treatment effect in
children compared to adults and that the relatively high incidence of hemoptysis compared to
control patients was concerning from a safety standpoint (see sections 7 and 8 for a more
detailed review).

Patients with CF are an orphan drug population and not subject to PREA, so a PeRC meeting
was not scheduled. However, in light of the oral inhalation delivery of DPM through a high
resistance inhaler device, it is unlikely that children with CF much less than 6 years of age
would be able to generate enough force to adequately administer/deliver the drug to the lungs.

11. Other Relevant Regulatory Issues

¢ Financial Disclosure: For the trials designated as pivotal (studies 301 and 302), the
Applicant acknowledged that no investigators were identified as having a significant
financial interest as defined in 21 CFR 54.2(b).

e DSI audits information: At the request of DPARP, the Division of Scientific
Investigations (DSI) audited clinical sites that participated in Studies 301 and 302:

o Study 301: Site #44103, Dr. Upton, Norwich, UK and Site # 44111, Dr.
Walshaw, Liverpool, UK

o Study 302: Site #10131, Dr. Brown, Boise, ID; Site #10116, Dr. Fornos, San
Antonio, TX; Site #10125, Dr. Schaeffer, Jacksonville, FL.
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While inspection of Dr. Brown’s site revealed a number of protocol violations related to how
spirometry was conducted and data recorded, overall, there were no irregularities identified
that would alter the results or interpretation of the data for either study.

e The Division of Medication Error Prevention and Analysis reviewed the proposed
proprietary name “Bronchitol” from a safety and promotional perspective and judged
it “tentatively” acceptable.

12. Labeling

Based on the Complete Response recommendation from the clinical and statistical teams and
the 14 to 0 vote against approval from the PADAC, a substantial label review was not
conducted.

13. Recommendations/Risk Benefit Assessment

e Recommended Regulatory Action
The recommended regulatory action is a Complete Response.

e Risk Benefit Assessment
Substantial demonstration of efficacy for DPM indicated for the management of CF in patients
6 years of age or older to improve pulmonary function has not been demonstrated. The
determination of efficacy based on the 2 phase 3 studies was 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 did 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. Subsequent sensitivity analyses and responder
curves analyses conducted by the company and the FDA statistical team fail to confirm a
substantial demonstration of a treatment effect on the primary efficacy endpoint for either
study 301 or 302. 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).

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 either bronchospasm in
patients treated with DPM or most other adverse events, with the exception of hemoptysis.
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. This was especially notable in the pediatric population, a population which, typically,
would be less likely to have hemoptysis. The lack of additional dose exploration in children (6
year old children received the same 400 mg twice daily dose as adults) may have contributed
to the increase in hemoptysis observed. In addition, it is possible that lower doses of DPM may
be able to demonstrate some level of efficacy without resulting in the significant tolerability
problem that resulted in differential drop-out. In this light, it is also possible that the threshold
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for “passing” the initial mannitol “tolerance test” is too low, resulting in patients passing the
test and continuing therapy who will ultimately drop out due to the inability to tolerate the
drug with chronic use. As a result of this issue, if development is continued, justification for
the “passing” threshold for the initial mannitol tolerance test (which currently is lower than the
discontinuation of dosing threshold for the related bronchoprovocation test, Aridol) should be
required and additional doses should be evaluated, at least in the pediatric population.

e Recommendation for Postmarketing Risk Management Activities
As DPM will not be approved during this cycle, no post-marketing risk management activities
are recommended.

e Recommendation for other Postmarketing Study Commitments
As DPM will not be approved during this cycle, no post-marketing risk studies are
recommended.

e Recommended Comments to Applicant

Clinical Efficacy

The submitted data do not provide substantial evidence of efficacy for mannitol inhalation
powder for the treatment of cystic fibrosis. The determination of efficacy based on the 2 phase
3 studies was complicated by the extent of differential missing data due to patient drop-out
higher in the active treatment groups (especially for study 301) which your statistical analyses
did not account for. Subsequent sensitivity analyses and responder curves analyses conducted
by both you and the FDA statistical team fail to confirm a substantial demonstration of a
treatment effect on the primary efficacy endpoint for either study 301 or 302. In addition, there
was little support for efficacy from secondary endpoint analyses (analyses of which suffered
from the same statistical issues as those for the primary analysis).

To support approval of inhaled mannitol for the treatment of patients with CF, conduct a
clinical program including at least one adequate and well-controlled clinical trial
demonstrating substantial evidence of efficacy in patients with CF. All trial(s) must have an
appropriate pre-specified statistical analysis plan and adjustments for multiplicity. We
recommend that because of the major issue of differential drop-out in patients receiving
inhaled mannitol that, in order to ensure study treatment populations are comparable, that
additional trial(s) incorporate a run-in phase during which patients unable to tolerate inhaled
mannitol may be identified and excluded from randomization such that the true treatment
effect of inhaled mannitol could be quantified.

Safety

With regard to safety, we have concern for the high occurrence of hemoptysis in adults and
especially children treated with inhaled mannitol in which hemoptysis was noted in twice as
many DPM 400mg-treated patients than those receiving controls. This small but clear signal
for hemoptysis occurred even in the youngest age group of 6 to 11 year-olds, raising issues of
safety specifically for pediatric patients. While no patients died from hemoptysis events in the
safety population during the conduct of these studies, the long-term effect of repeated episodes
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of hemoptysis that would likely be seen with chronic use over the course of a CF patient’s
lifetime, is unknown. In addition, the clinical program had significant issues related to
treatment-related dropouts, with higher rates of discontinuation for DPM-treated patients
throughout the double-blinded treatment periods, at a rate of 2:1 for those on receiving inhaled
mannitol over control. This issue may, in part, be related to a too lenient threshold for
“passing” the initial mannitol tolerance test resulting in patients passing the test and continuing
therapy who will ultimately drop out due to adverse reactions with continued use.

In order to support the safety of chronic use of inhaled mannitol to improve lung function in
CF patients, you will need to demonstrate acceptable safety as it pertains to the increased
occurrence of hemoptysis as well as overall tolerability in the indicated population. To
accomplish this, both a justification for the threshold to establish the initial tolerance of
inhaled mannitol should be provided as well additional dose exploration, especially in
children, which may result in a dose(s) of inhaled mannitol which may prove to be efficacious
while providing an improved risk-benefit profile.
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1 EXECUTIVE SUMMARY

The applicant has submitted the results of two phase 3 studies (DPM-CF-301 and DPM-CF-302,
hereafter referred to as CF301 and CF302, respectively) in support of the efficacy of DPM for
management of cystic fibrosis in patients age 6 years and older to improve pulmonary function.
Studies CF301 and CF302 were similar in design. They were double blind, randomized
(stratified according to presence or absence of rhDNase use and for study CF301 Australia or
Europe and for study CF302 Argentina, Canada, Germany, Belgium, France, Netherlands, or
US), parallel group (DPM, 40mg mannitol x 10 capsules, BID, or control, 5 mg mannitol x 10
capsules, BID), controlled, clinical trials with the primary measure of efficacy being the absolute
change in FEV, from baseline across the 26 week double blind period.

The overriding statistical concern in the analyses of the efficacy data in studies CF301 and
CF302 is the treatment-related frequent early dropouts. Analyses of the primary efficacy
endpoint using the pre-specified statistical methods are problematic because they cannot
incorporate the entire ITT group and because they require inappropriate assumptions about
missing data. Patients who dropped out before week 6 are necessarily entirely excluded from
these analyses so that only 156 of 177 (88%) DPM patients and 112 of 118 (95%) control
patients are included in the MITT group in study CF301. In study CF302, 177 of 184 (96%)
DPM patients and 120 of 121 (99%) control patients are included in the MITT group. Additional
missing data at weeks 14 and 26 also occurred differentially by treatment group. In study
CF301, at week 26, 116 of 177 (66%) DPM patients and 89 of 118 (75%) control patients have
observed data. In study CF302, at week 26, 157 of 184 (85%) DPM patients and 111 of 121
(92%) control patients have observed data. The pre-specified primary statistical analysis
method, a mixed model for repeated measures (MMRM), requires an assumption that missing
data occurred at random, unrelated to treatment. Since this assumption is violated in these
studies, the MMRM analysis estimating the treatment effect is flawed and the MMRM estimates
of the treatment effect in the change from baseline in FEV, outcome may be systematically
larger than the true treatment effect. Therefore, sensitivity analyses assessing the impact of the
missing data on the treatment effect were necessary.

Many sensitivity analyses were undertaken by the applicant and by the division with the goal of
understanding the impact the missing data had on the pre-specified primary efficacy analyses.
Some analyses are better than others but none of them are perfect. While description of these
sensitivity analyses may at first make them seem conservative, even punitive, closer examination
of the assumptions underlying several of these methods reveal that these methods rely heavily on
the missing at random assumption. These methods therefore more or less impute missing data by
preserving the treatment effect that was observed prior to discontinuation, even though DPM
patients who have dropped out are no longer taking the drug. A sensitivity analysis that does
not have these faults is the baseline-observation-carried-forward or BOCF approach. However,
BOCEF also is not perfect. A single value is imputed for each patient with missing data and is
assumed to be the true value that would have been observed if follow-up had been continued. As
a result, the statistical precision in the estimate of the treatment effect in all randomized
participants is overstated (e.g., the width of the confidence interval for the mean difference
between treatment groups is artificially narrow). In summary, none of the sensitivity analyses
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provided by the applicant or conducted by the FDA simultaneously imputes a conservative value
in terms of estimating the treatment effect while also appropriately representing the statistical
uncertainty in the imputed values. It is theoretically conceivable that statistical methods that
would achieve both of these goals could be created but such methods are not currently available.
In conclusion, while we agree with critics of the method that the BOCF analysis may overstate
the statistical significance of results, we also believe BOCF provides a conservative point
estimate of the treatment effect in the setting of missing data such as is observed in these studies
and for that reason the BOCF results are described here. In study CF301, the difference between
DPM and control in the change from baseline in FEV, at week 26 is estimated to be 62 mL. This
is consistent with the conclusion from the pre-specified primary efficacy analysis that DPM is
having a better outcome than control but suggests that the difference between treatment groups is
smaller than the treatment effect of 83 mL estimated in the pre-specified analysis. In study
CF302, this difference is estimated to be 65 mL and is fairly consistent with the pre-specified
analysis. But as previously described, the statistical significance associated with the BOCF
analyses is not reliable. As a result, we conclude that while numerical trends indicate there may
be a beneficial treatment effect, clear-cut substantial demonstration of a treatment effect on the
primary efficacy endpoint has not been achieved in either study.

Continuous responder curves (i.e., empirical distribution functions) illustrating the proportion of
DPM and control patients achieving a certain threshold in the primary endpoint by
dichotomizing the primary endpoint over a range of possible thresholds allow inclusion of the
entire ITT group and account for the treatment-related missing data by considering subjects with
missing data nonresponders. In both studies, the DPM group had numerically (but not always
statistically significantly) higher proportions of patients who achieved the change from baseline
FEV, thresholds than did the control group. These numerical trends are consistent with the
numerical trends in the MMRM analyses and BOCF approach.

To summarize the conclusions regarding the secondary efficacy endpoints, no statistically
significant differences between treatment groups were demonstrated for any non-spirometric
endpoint.

Post-hoc exploratory analyses of the frequency of hemoptysis revealed no statistically significant

differences between treatment groups in the proportion of patients experiencing hemoptysis and
no statistically significant difference in the treatment effect across age groups.

2 INTRODUCTION

2.1 Overview
2.1.1 Class and Indication

Pharmaxis Ltd., the applicant, proposes Bronchitol (Inhaled Dry Powder Mannitol 400mg
capsules twice daily BID, hereafter referred to as DPM), an orally inhaled osmotic agent, for the
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management of cystic fibrosis (CF) in patients age 6 years and older to improve pulmonary
function. The applicant described the rationale for the product as follows:

Cystic fibrosis is a progressive, life-threatening, genetic disease. The genetic defect in
CF causes airway liquid hyper-absorption that leads to the impairment of mucociliary
clearance (MCC), resulting in vulnerability to pulmonary infection, inflammation and
consequent permanent loss of lung function. The major cause of morbidity and eventual
death among individuals with CF is linked to pulmonary disease and associated declining
lung function, resulting in respiratory failure. The primary aim in the treatment of CF
lung disease is to slow the decline in lung function that ultimately leads to death.

RhDNase (Pulmozyme®) is an approved mucolytic agent specifically developed to treat
CF pulmonary symptoms by improving lung function and reducing pulmonary
exacerbations in patients with CF. The applicant stated that mechanistically, rhDNase
alters sputum properties but has not been shown to increase MCC. Since Bronchitol
functions by increasing MCC, it addresses a medical need common to all CF patients and
can provide additional benefit when used in combination with other CF therapies,
including inhaled antibiotics and rhDNase.

2.1.2  History of Drug Development

The clinical development program for DPM was introduced to the Division of Pulmonary,
Allergy, and Rheumatology Products on November 11, 2004 under IND 70,277 and was granted
orphan drug status and fast track development status on July 13, 2005 and November 8, 2006,
respectively.

The DPM clinical development program consists of two Phase 1 studies (DPM-PK-101 and
DPM-PK-102), three Phase 2 studies (DPM-CF-201, DPM-CF-202 and DPM-CF-203) and two
Phase 3 clinical studies (DPM-CF-301 and DPM-CF-302). The applicant requested a Special
Protocol Assessment (SPA) for both phase 3 studies, but no agreement was reached between the
applicant and the division.

An End of Phase 2 meeting was held on February 15, 2006, SPA request for study CF301 was
made August 15, 2006, SPA request for study CF302 was made August 6, 2007 and a
subsequent Type A meeting (telecom) was held on November 7, 2007, and a pre-NDA meeting
was held on December 10, 2010. Discussion and/or agreements between the applicant and the
division resulting from these meetings, that are pertinent to the statistical review of this
application, are summarized below.

e Pre-meeting comments and Type A meeting to discuss a SPA request for study CF302

(November 7 , 2007)

o The sponsor proposed that the primary measure of efficacy would be
improvement in FEV; and secondary measures would be improvement in other
measures of pulmonary function (FVC, FEF,s.7s), reductions in pulmonary
exacerbations, reduction of antibiotic use, reduction of days of hospitalization,
and improvement in quality of life. The division advised the Sponsor that “if
labeling claims based on any of the secondary endpoint(s) are desired, pre-
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specification of these specific endpoints and plans to control type I error for
multiplicity in the secondary endpoints are needed.”

The division agreed with the sponsor that the exacerbation definition based on
Fuchs JH et al (1994) criteria is an acceptable definition for regulatory purposes
while disagreeing with an additional proposal by the sponsor for “early
exacerbation” since it was a more subjective definition for exacerbations. The
sponsor was also advised that information derived from the clinical trials with
regard to exacerbations may, subject to review, be described in the clinical trials
section of the label ke

o The division advised the Sponsor that at least two adequate and well-controlled

studies would be needed to establish efficacy in this setting.

e Review of Statistical Analysis Plan for study CF302 (May 2010)

o The SAP defined the intent-to-treat (ITT) population as all subjects who are

randomized and have receive at least one dose of study medication. In response to
the sponsor’s inquiry regarding the acceptability of this definition the division
indicated that to ensure the integrity of the random treatment assignment, the
number of subjects randomized but not receiving study drug is expected to be
very small, if not zero.

In response to an inquiry from the sponsor, the division agreed that analyzing the
absolute (i.e., not percent) change from baseline in FEV; over the treatment
period using a restricted maximum likelihood based repeated measures approach
was acceptable. The division also indicated that while the procedures for
handling missing data appeared acceptable these may be further evaluated as part
of the review of the study report.

e Pre-NDA meeting (December 10, 2010)

Reference |ID: 3263642

o The sponsor’s stated objective for this meeting was, in part, “to discuss the types

of analyses ... of the clinical data to support registration of Bronchitol [referred to
as DPM i1n this review]”. The sponsor proposed several post-hoc changes to the
statistical analysis plan which according to the sponsor would provide a more
accurate reflection the efficacy of DPM. First, the sponsor 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 since after unblinding it was discovered
that study CF302 has an imbalance between treatment groups in FEV at baseline
(but not screening). The sponsor also proposed a change to the analysis of the
primary efficacy endpoint for study CF301. In the original analysis of the
primary endpoint for study CF301, 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
division acknowledged the sponsor’s intention to reach agreement with the
division on proposed types of post-hoc analyses; however, the division indicated
that it was premature for the division to comment on the adequacy of the proposed
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methods, stating that this would be determined as part of the review of the NDA.
The division also stated the following.
= “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.”
= “[since the sponsor proposes] differing statistical approaches in the study
reports and/or in portions or all of the Integrated Summary of Efficacy,
clear documentation of the statistical approach used in each case is needed
to explain why two sources may provide differing results.” The sponsor
agreed to provide this documentation.

o In pre-meeting correspondence the sponsor claimed that the division had entered
into a Special Protocol Agreement (SPA) with the company for study CF302.
Although study CF302 was submitted for review by the division as a SPA, the
division did not enter into any agreement regarding the conduct or analysis of the
study under a SPA.

e Pulmonary-Allergy Drug Advisory Committee Meeting (January 2013)

o The Committee convened to discuss the new drug application that is the subject of
this review.

o In discussing the efficacy of DPM, the following issues were raised by the
Committee: small effect size, statistical issues associated with missing data,
occurrence of hemoptysis especially in children, FEV, as a surrogate for clinical
benefit, and risk benefit arguments when the benefit may be very small.

2.1.3 Specific Studies Reviewed

This original NDA submission describes two Phase 3 efficacy studies in a total of 642
randomized patients (DPM-CF-301 and DPM-CF-302) and three Phase 2 studies in a total of 113
randomized patients (DPM-CF-201, DPM-CF-202, and DPM-CF-203). Among the phase 2
studies, Trial DP-CF-202 is the only dose-ranging study. The focus of this review will be on the
one dose-range study DPM-CD-202 (hereafter referred to as study CF202) and on the two
efficacy studies DPM-CF-301 and DPM-CF-302 (hereafter referred to as studies CF301 and
CF302) in CF patients (Table 1).
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Table 1: List of All Studies Included in Analysis

Study ID location Design Treatment # of Patients Study population
(Period) and follow- per Arm
up period

CF202 12 centers in Cross-over 2 weeks 36 patients in Cystic fibrosis, aged >7 years,
(DPM-CF-202) Canada 7 and Partial- treatment mannitol baseline FEV; >40% - 80% predicted

Argentina 5 randomized, with 1 week  400mg BID, or a decline in FEV, of 220% in the last
(Nov. 2005 — Open-label, washout 240mg BID, 12 months for those >80% predicted.
Jun. 2008) Multi-doses 120mg BID, Patients concurrently using RhDNase

40mg BID or other mucolytic agents were not
eligible to join the study.

CF301 40 centers in Randomized 26 weeks DPM (mannitol Cystic fibrosis, aged >6 years,
(DPM-CF-301)  Australia 10, Double-blind, DB 400mg) BID, baseline FEV, >30% - 90% predicted,

New Zealand Parallel-arm, treatment 177 not be pregnant or breast feeding, no
(Apr. 2010 - 2, United Placebo- followed by intolerance to mannitol or beta
Aug. 2010) Kingdom 24, controlled 52 weeks of  Control BID agonists, no concurrent use of

and Ireland 4 Open-label oL (5mg mannitol),  hypertonic saline or beta blockers for

extension treatment 118 the study duration.

CF302 53 centers in 7 Randomized 26 weeks DPM (mannitol Cystic fibrosis; > 6 years of age; FEV,
(DPM-CF-302)  countries (USA  Double-blind, DB 400mg) BID, >40% and <90% predicted; no

28; Canada 3; Parallel-arm, treatment 184 concomitant hypertonic saline use;
(Sep. 2008 — Argentina 8; Placebo- followed by negative (failed) mannitol tolerance
Apr., 2010) Germany 3; controlled 26 weeks of  Control BID test.

Belgium 4; Open-label oL (5mg mannitol),

France 6; extension treatment 121

Netherlands 1)

2.2 Data Sources

All data was supplied by the applicant to the CDER electronic data room in SAS transport
format. The data and final study report for the electronic submission were archived under the
network path location \\...\202049.enx. The information utilized in this review was contained in
submission S-0000 modules 1, 2.7, and 5.3.5, and submissions S-0003 to S-0012 module 5 for

datasets.

3 STATISTICAL EVALUATION

3.1 Dataand Analysis Quality

During the course of review, Information Request (IR) letters were sent to the applicant
regarding the need for additional documents and/or to address possible errors in the electronic
datasets and programs. The applicant’s responses to these IR’s are described below.
e Replacement datasets for Study CF301 were submitted to correct the protocol population
flag in S-003.
e Programs which were used to create the analysis datasets and main efficacy tables were
provided in S-004, S-005, and S-006.
e Missing interim report, charter, DSMB meeting minutes, and associated documents for
Studies CF301 and CF302 were submitted in S-007 and S-012.
e The datasets related to three interim analyses for Study CF301 (Jan-2008, Aug-2008, and
Dec-2008) and three interim analyses for Study CF302 (Jun-2009, Mar-2010, and Sep-

2010) were submitted in S-008.

e The corrected ISE exacerbation analysis dataset (adpx.xpt) was submitted in S-011.
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3.2 Evaluation of Efficacy

3.2.1  Dose Finding Study

Study CF202 was a phase 2 randomized, open-label, dose response study conducted in 12 centers
in Canada and Argentina. The randomization was not stratified by center. The objective of this
study was to determine the optimum dose of mannitol required for obtaining clinical
improvement in FEV in patients with Cystic Fibrosis (CF).

As shown in Table 2, at the run-in period eligible patients were to be given a Bronchial
provocation test using inhaled mannitol (Aridol™) to screen for airway hyperresponsiveness.
Those with a negative Aridol™ test result at Visit 1 and a minimum baseline FEV; volume of
between 40% and 90% of the predicted normal value were eligible for the study. Eligible
patients were randomly assigned to receive the following treatment sequences (with one week
washout periods between each active treatment period).

400 mg — 240 mg — 120 mg — 40 mg
400 mg — 40 mg — 240 mg — 120 mg
400 mg — 120 mg — 40 mg — 240 mg
400 mg — 120 mg — 240 mg — 40 mg
400 mg — 40 mg — 120 mg — 240 mg
400 mg — 240 mg — 40 mg — 120 mg

Note that this is not a typical cross-over design in that all treatment sequences begin with two
weeks of treatment with mannitol 400mg BID.

Table 2: Study flow plan

Vi V2 V3 V4 V3 V6 Vi V8 A%
Dar Week Wesk Week Week 7 Weak Week 10 Week Week
1 283 4 586 8&9 11 & 12

00mg Wash 40 or 120 Wash Wash
ED Out or 240mg out

ED

[Module 5.3.5.1 Study Report Body DPM-CF-202, page 24]

The Statistical Analysis Plan (SAP) was finalized on June 21, 2007. Based on SAP, the primary
endpoint was the percentage changes in FEV; and FVC between the post-dose and pre-dose
measurements for each dose.

Percent change in FEV = (post-dose FEV| — pre-dose FEV)/pre-dose FEV

Percent change in FVC= (post-dose FVC — pre-dose FVC)/pre-dose FVC

The secondary endpoints included 1) mean change in FEV,/FVC, FEF;s_75, and PEF before and

after treatment periods; 2) presence of acquired bacteria in sputum; 3) frequency and type of
10
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adverse events; 4) quality of life scores; 5) change in treatment effect scores; 6) change in
respiratory symptoms scores; 7) change in expectorated sputum volume post treatment.

A linear mixed-effects model with orthogonal contrasts was used to compare mean percent
difference in FEV; or FVC improvements at doses of mannitol of 40, 120, 240mg relative to the
reference dose of 400mg of mannitol. The primary analysis was based on the per-protocol
population (PP population) which defined as all patients who completed treatment period with
valid spirometry recordings and had 80% compliance or higher. Missing data were not imputed.
Patients with missing data were not included in the analyses. Based on the nature of study design
(i.e. all patients received mannitol 400mg first), the value of this open-label, dose-finding study
is limited. Only descriptive results of this study are provided in this review.

Based on the applicant’s sample size calculation, 42 patients were needed. Eighty five patients
were enrolled in order to ensure 42 patients not receiving rhDNase would be randomized.
Overall 85 patients were included in the safety population. Thirty-seven patients excluded from
safety population due to the ineligibility (8), failed Aridol challenge (27), or withdrew prior to
study treatment (2). Out of 48 patients in the ITT population, 44 patients (92%) completed the
study and 38 patients (79%) were in PP population.

Of the 48 patients included in ITT population 26 (54%) were male and 22 (46%) were female.
The majority of these patients were Caucasian (40 (83%) or Hispanic (7 (15%)) with mean age
of 19.2 years. Nineteen (40%) patients were aged 18 years and older.

The baseline, change from baseline, and percent change from baseline in FEV| and FVC are
reported in Table 3, Figure 1, and Figure 2.

Although open to criticism because of the non-random order of treatments, there appears to be a
dose response with a 400mg BID mannitol dose providing the greatest FEV, change (mean
8.7%), while minimal change to FEV; was observed in the 40mg BID dose (mean -1.6%) and the
similar results observed for FVC (Table 3). As shown in Figure 1 and Figure 2, the p-values for
the comparisons with the 400mg treatment arm were p<0.001 for the 40mg in FEV, and FVC.
Based on this study, the applicant indicated that choosing 50mg mannitol BID (5mg x10
capsules) as control treatment in phase 3 study would be reasonable in order to meet the
requirements of matching taste and appearance and sub-therapeutic. Thus 400mg and 40mg
doses were utilized in the phase 3 studies.

Table 3: Baseline and Change from Baseline in FEV;/FVC (ITT, Observed)

Baseline Absolute Change Percent Change
Treatment Mean(STD) Median (Min, Max) Mean (STD) Median (min, max) Mean (STD) Median (min, max)
FEV.(mL)
40mg (n=43) 1876 (713) 1760 (720, 3820) -34.2 (168) 0 (-510, 240) -1.6 (9.0) 0 (-19.6, 17.1)
120mg (n=43) 1840 (711) 1800 (760, 3700) 37.9 (150) 40 (-250, 340) 3.6 (10.8) 2.5 (-11.5, 44.7)
240mg (n=43) 1891 (689) 1760 (800, 3580) 76.3 (209) 50 (-320, 580) 3.9 (12.8) 2.7 (-20.5, 33.6)
400mg (n=47) 1872 (659) 1790 (760, 3610) 150.2 (191) 140 (-210, 570) 8.7 (12.4) 6.3 (-12.1, 45.8)
FvC
40mg (n=43) 2589 (1071) 2240 (1160, 5180) -37.2 (206) 10 (-660, 360) -0.9 (7.9) 0.8 (-15.6, 17.7)
120mg (n=43) 2536 (1056) 2260 (103, 4950) 20.0 (206) 40 (-680, 460) 1.7 (9.2) 1.8 (-18.8, 36.2)
240mg (n=43) 2582 (1061) 2230 (1140, 5010) 71.6 (274) 30 (-960, 660) 3.1 (11.7) 1.4 (-26.8, 32.9)
400mg (n=47) 2582 (1059) 2360 (770, 4810) 182.8 (247) 180 (-610, 690) 8.1 (10.9) 6.3 (-16.6, 38.5)
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Figure 1: Percent Change from Baseline in FEV, for Each Treatment Arm (ITT)

Figure 2: Percent Change from Baseline in FVC for Each Treatment Arm (ITT)
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3.2.2 Phase 3 Studies

3.2.2.1 Study Design, Endpoints, and Statistical Methodologies

Studies CF301 and CF302 were similar in design. They were double blind, parallel group, multi-

center, randomized studies. Randomization was stratified by rhDNase use (yes/no) and region

(Australia and Europe) for study CF301 or country (Argentina, Canada, Germany, Belgium,

France, Netherlands, and US) for study CF302. As shown in Figure 3, both studies required a
negative outcome to a mannitol tolerance test at 2 to 5 weeks before randomization. The patients
who passed the mannitol tolerance test (MTT) during screening were randomized (3:2) to

treatment with either DPM (mannitol 40mg x 10 capsules, BID) or control (mannitol 5Smg x 10

capsules, BID) for the entire duration of the double blind period. In the open label period (OLP),

all patients who continued participation in the trial were treated with DPM for 26 to 52 weeks.
Studies CF301 and CF302 were not conducted concurrently, so that study CF302 was designed

with experiences obtained during study CF301 known. The applicant has indicated that patients
in study CF302 were given more realistic expectations regarding the likelihood of cough
following DPM administration than were the patients in study CF301. The differences in design
between studies CF301 and CF302 include, in part, the following.

(1.) For study CF301, screening FEV was required to be greater than 30% predicted. For

study CF302, the requirement was for FEV to be greater than 40% predicted.
(2.) The open label phase in CF302 was 26 weeks in duration, compared to 52 weeks in

CF301.

(3.) There were differences in the a priori specified methods for statistical analysis between

studies CF301 and CF302 which are described further below.

(4.) There were small differences in doses administered for MTT test:
a) CF301: 5mg, 10mg, 20mg, and 40mg until total dose of 395mg;

b) CF301: 40mg until total dose of 400mg.

Figure 3: Study Design for Phase 3 Stu

dy Design (CF301 and CF302)
V4 VS

Vo Vi V2 V3 Vo6
Day 0 | 6 week 8 week 12 week 12 week period 14 week
2 wk | period period period period
period
E 26 week blinded phase 26 week open label phase
é IDPM 400 mg BD (10 capsules) IDPM 400 mg BD
» =y | Control BD (10 capsules) (10 capsules)

[Module 5.3.5.1.4.16.1.1, DPM-CF-301 Protocol V5, pg. 439; DPM-CF-302 Protocol V2, pg. 107.]

The primary efficacy endpoint was the absolute change from baseline in FEV; across the 26

weeks of the double-blinded treatment period. Screening FEV; was obtained at week -5 to -2

(visit 0). Baseline FEV; was obtained at week O (visit 1). On-treatment FEV; measurements
were obtained throughout the double blind period (at weeks 6, 14, and 26 after baseline). All
pulmonary function testing was done in the clinic.

Reference ID: 3263642
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While numerous discrepancies in the statistical methods proposed for quantifying the
primary and secondary efficacy data exist between the protocol and statistical analysis
plan for each of the studies, the applicant has indicated that finalization of the SAPs
occurred before unblinding. Within this review, we are accepting the methods described
in the SAP as the pre-specified methods.

In each study, the SAP-specified analysis method for the primary efficacy endpoint was a
mixed model for repeated measurements or MMRM with the following predictors:
treatment as a main effect and visit, rhDNasae use, age, gender, baseline FEV|, disease
severity, and region as covariates. There was treatment-by-visit interaction as an
additional predictor and country replaced region for study CF302. For both studies, the
estimate of the treatment effect is that associated with the main effect of treatment, i.e.,
the average effect across visits. Both SAPs defined the intent-to-treat (ITT) population as
all patients randomized who received at least one dose of study drug and the ITT
population was to be used in the primary efficacy analyses. Importantly, missing data
were not to be imputed since MMRM was to be employed and MMRM methods can
incorporate partly-missing cases. This approach to the missing data requires an
assumption that missing data occurred at random; that is the patients who discontinued
treatment nevertheless had outcomes like those who continued. If this assumption is
violated, MMRM analyses estimating the treatment effect may not be reliable. The SAP-
specified sensitivity analyses for the primary efficacy endpoint included analysis of
covariance (ANCOVA) at 26 weeks post-baseline based on the last-observation-carried-
forward (LOCF) and baseline-observation-carried-forward (BOCF) imputation methods.

One interim efficacy analysis was conducted in each study at which the Data Safety
Monitoring Board (DSMB) was to make recommendations regarding continuing or
stopping the study, so that to maintain an overall type 1 error rate of 0.05, the final two-
sided significance level for reference in the primary efficacy analysis is 0.0498.

For study CF301, no secondary endpoints were distinguished as being part of a pre-specified
multiplicity plan to control type I error. For study CF302, the protocol did not designate any key
secondary endpoints or provide a multiplicity plan for the secondary endpoints; however, the
SAP specified a multiplicity correction (using Holm’s method) for the following secondary

endpoints.
e Change in absolute FVC from baseline across the 26 weeks of blinded treatment overall
and by rhDNase use

e Change from baseline in percent predicted FEV| over the blinded treatment period

e Sputum weight post-treatment at baseline

e Change from baseline in absolute FEV| across the 26 weeks of blinded treatment in
rhDNase use group

e Change in absolute FEF,s.75 from baseline across the 26 weeks of blinded treatment
overall and by rhDNase use

Other efficacy endpoints included the following.

14
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e Absolute change from baseline in FEV1 over the DB treatment period for rhDNase non-
users at screening

e Proportion of subjects achieving an absolute increase of at least 100mL from baseline in
FEV, at week 26.

e Proportion of subjects achieving a relative increase of at least 5% from baseline in FEV,
at week 26.

e Proportion of subjects achieving an absolute increase of 5% percent predicted FEV at
week 26.

e Pulmonary exacerbations (PE) (AE entered into the eCRF)

e 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 haemoptysis, malaise, fatigue or lethargy, fever (> 38°C), anorexia or weight
loss, sinus pain or tenderness, change in sinus discharge, FVC or FEV, decreased by >
10% from previous recorded value, radiographic signs indicative of pulmonary infection,
increased cough, changes in physical examination of the chest)

e QoL scores using Cystic Fibrosis Questionnaire-R (CFQ-R) (completed at visits 1, 3, 4)

e Rescue antibiotic use (recorded in the study diary)

e Days in hospital due to pulmonary exacerbation

PDPE, rescue antibiotic use or hospitalization due to PDPE, and quality of life (QOL) are
endpoints that have been highlighted by the FDA clinical team as being of particular importance
as they assess the effect of DPM outside that of spirometric endpoints which are naturally
expected to follow patterns similar to FEV. So although not corrected for multiplicity, these
endpoints will be examined further in this review. The number of PDPE events was analyzed
using a Poisson regression model with terms for treatment, age, gender, rhDNase use, disease
severity at baseline which is defined as the percent predicted FEV1, and region/country. For
study CF302, a history of pulmonary exacerbations term was added to the model by the
applicant. The length of the observation period during the double blind period was included in
the model as an offset adjusting for differential lengths of exposure on study for different
patients. In the case of overdispersion in the Poisson regression analysis, a similar model using
the negative binomial distribution was to be used. In addition, time to first PDPE was analyzed
using a Cox proportional hazards model with treatment group, age, gender, rhDNase use, disease
severity at baseline, and region as factors. For study CF302, a history of pulmonary
exacerbations term was added to the model by the applicant. Rescue antibiotic use due to PDPE
and hospitalization due to PDPE were also analyzed with a Poisson regression model as
described for PDPE. QOL was measured using the Quality of Life Respiratory Domain from the
Cystic Fibrosis Questionnaire and differences between treatment groups were summarized with
ANCOVA with the following predictors: treatment, visit, rhDNasae use, age, gender, baseline
FEV,, disease severity, and country.

15
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3.2.2.2 Patient Disposition, Demographic and Baseline Characteristics

Patient Disposition

Three hundred twenty four and 318 patients who satisfied the mannitol tolerance tests were
randomized in studies CF301 and CF302, respectively. During the approximately 2 to 5 weeks
between randomization and start of study drug administration, there were unusual post-
randomization but pre-study drug administration withdrawals in both studies. The reasons for
these withdrawals included adverse event, protocol violation, and withdrawal of consent.
Although we do not believe these withdrawals were treatment related since study treatment had
not yet begun, the occurrence of these withdrawals may bring into question the rigor with which
the studies were being conducted. These patients are not included in any efficacy or safety
analyses. In study CF301, 20 DPM and 6 control patients withdrew after receiving study drug
but without providing any post-baseline data. In study CF302, 7 DPM and 1 control patients
withdrew after receiving study drug but without providing any post-baseline data. These
withdrawals are likely treatment-related; however, because these patients have not reported any
post-baseline measurements, these patients are completely excluded from many of the efficacy
analyses. These early discontinuations occurred more frequently in the DPM groups than the
control groups in both studies. The remaining patients form the modified ITT, or MITT
population. Analyses utilizing the MITT population will provide differences between treatment
groups that are impacted by these exclusions. Differences between treatment groups in the
efficacy variables could be due to a treatment effect but also could be due to the differential
exclusion of patients. Differential early discontinuation continued throughout the treatment
period so that 64% of DPM and 73% of control patients in study CF301 and 83% of DPM and
88% of control patients in study CF302 completed the intended 26 week treatment period. These
completion rates illustrate the net discontinuation that occurred during studies CF301 and
CF302. The discontinuation rates were differential by treatment group in both studies but more
prominently so in study CF301 (Table 4).

Overall, the most common reasons for early study discontinuation were “withdrew by patient”
and “adverse event”. In order to carryout statistical analyses utilizing either the MITT or ITT
population, assumptions regarding these differentially missing data will need to be made. If
these assumptions are not reflective of the true nature of these data if it had been observed, the
treatment effect estimates resulting from these analyses may be inaccurate.
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Table 4: Patient Disposition of Two Efficacy Studies, N (%) ITT Population

Study CF301 (N=295)

Study CF302 (N=305)

DPM Control Total DPM Control Total
Population
Randomized 192 132 324 192 126 318
Withdrew prior to receiving drug 15 14 29 8 5 13
Safety ? 177 (100) 118 (100) 295 (100) 184 (100) 121 (100) 305 (100)
ITT® 177* (100) 118 (100) 295 (100) 184 (100) 121 (100) 305 (100)
MITT © 156 (88) 112 (95) 268 (91) 177 (96) 120 (99) 297 (97)
Per-protocol ¢ 111 (63) 89 (75) 200 (68) 152 (83) 109 (90) 261 (86)
Completed the blinded phase 112 (63) 86 (73) 198 (67) 153 (83) 107 (88) 260 (85)
Patients continued into the OLP 170 (58) - 170 (58) 260 (85) -- 260 (85)
Discontinued study treatment 65 (37) 33** (28) 98 (33) 31 (17) 14 (12) 45 (15)
Reason of early discontinuation of study treatment
AE 29 (16) 11 (9) 40 (14) 13 (7) 5(4) 18 (6)
Physician decision 6 (3) 0 6 (2) 2 (1) 1(<1) 3 (1)
Withdrew by patient 28 (16) 22 (19) 50 (17) 13 (7) 7 (6) 20 (7)
Applicant decision 1(<1) 0 1(<1) 0 0 0
Other reasons 1(<1) 0 1(<1) 3(2) 1(<1) 4 (1)

Percentages are based on the ITT population.

a The safety population includes all patients who received at least one dose of study medication.

b The ITT population includes all patients who were randomized and who received at least one dose of study medication.

¢ Excludes subjects who discontinued prior to week 6, the first post-treatment measurement time.

d The per protocol population includes all patients who were randomized, with no major protocol violations, a minimum of 60% compliance with
study treatment and at least two assessments of FEV, after commencing study treatment.

*Patient number| ®) () had missing baseline FEV, so was omitted from many efficacy analyses.

**One patient in the control group attended visit 1, reported an AE and did not receive study drug. This patient was not counted in the ITT

population.

The pattern of withdrawal is shown numerically in Table 5 and graphically with Kaplan- Meier
plots of the time to discontinuation for each study in Figure 4. These illustrate the faster
withdrawal in the DPM group than the control group.

Table 5: Pattern of Missing FEV, Data by Treatment Group, N (%) ITT Population
Study CF301 (N=295) Study CF302 (N=305)

N N Miss ~ Lereent N N Miss ~ Lereent
missing missing
DPM
Week 0 176" 0 0 184 0 0
Week 6 156 20 11.4 174 10 5.4
Week 14 132 44 25.0 167 17 9.2
Week 26 116 60 34.1 157 27 14.7
Control
Week 0 118 0 0 121 0 0
Week 6 112 6 5.1 119 2 1.7
Week 14 103 15 12.7 116 5 4.1
Week 26 89 29 24.6 111 10 8.3
* There was one patient ( ®®) missing covariate data (missing baseline FEV,) and omitted from the
analysis.
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Figure 4: Kaplan-Meier Plots on Time to the Discontinuation

......

CF301 F CF302
Log-Rank p=0.094 Log-Rank p=0.114

g

The frequent and disproportionate early subject-discontinuation rates in these studies,
particularly in study CF301, raise concerns regarding the appropriateness of the pre-specified
primary efficacy analyses (MMRM). The balance in covariates normally afforded by random
treatment assignment in the ITT group in a randomized clinical study is compromised in the
MITT groups for these studies because there is a substantial portion of subjects with missing
data, the early discontinuation rates are differential by treatment group, and the reasons for early
discontinuation are different between treatment groups. The early discontinuations in these
studies are commonly due to AE or withdrawal by patient and thus represent a failure of the
treatment in that a patient who cannot tolerate the product will not receive efficacy from the
product. In addition, missing data after week 6 (at weeks 14 or 26) are more frequent in the
DPM groups. Assuming that these patients are simply missing at random, unrelated to treatment
(as is assumed in the SAP-specified primary efficacy analyses, the MMRM analysis of the
change from baseline in FEV)) is not appropriate. Therefore, sensitivity analyses designed to
assess the impact the missing data is having on the primary efficacy analysis will be necessary
and are further described and discussed in section 3.2.2.3.

Demographic and Baseline Char acteristics

The vast majority of patients in the two Phase 3 studies were Caucasian (>97%). More than 50%
of the patients were adults (>18), with 25% and 18% of patients being adolescents (12-17 years
of age) and children (6-11 years of age), respectively. In study CF301, there were more adults
than in study CF302. Use of rhDNase was well balanced between the treatment groups; however,
fewer patients used rhDNase in study CF301 than in study CF302. Patients in both studies
represented a broad range of disease severity with FEV| percent predicted of normal values
ranging from 26% to 96% (Table 6).
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Table 6: Demographic and Baseline Characteristics of ITT Patients, N (%)

Study CF301 (N=295) Study CF302 (N=305)
Demographic Parameter DPM Control DPM Control
(N=177) (N=118) (N=184) (N=121)
Age at Randomization (yrs)
Mean (SD) 23.1 (11.7) 22.8 (10.8) 19.6 (9.3) 20.4 (10.2)
Median (Range) 21.0 (6 - 56) 22.0 (6 - 48) 6 - 48 6 - 53
6-11 31 (18) 17 (35) 35 (19) 24 (20)
12 -17 32 (18) 25 (44) 56 (30) 39 (32)
=18 114 (64) 76 (40) 93 (51) 58 (48)
Sex
Male 106 (60) 57 (48) 94 (51) 63 (52)
Female 71 (40) 61 (52) 90 (49) 58 (48)
Race
Caucasian 169 (95) 115 (97) 182 (99) 119 (98)
Asian 3(2) 2(2) 0 0
African 1(<1) 0 2 (1) 2(2)
Indigenous 1(<1) 0 0 0
Other 4 (2) 1(<1) 0 0
Geographic Region
Australia/New Zealand 61 (59) 43 (41) -- --
United Kingdom/Ireland 116 (61) 75 (39) -- --
Non-US -- -- 99 (54) 67 (55)
us -- -- 85 (46) 54 (45)
BMI at baseline (kg/m?)
Mean (SD) 21.1 (4.0) 20.4 (3.6) 20.0 (4.1) 19.8 (3.7)
Median (Range) 20.9 (13, 37) 20.0 (14, 31) 19.8 (13, 45) 19.1 (11, 33)
RhDNase Use at Screening, n (26)
User 96 (54) 67 (57) 137 (74) 92 (76)
Non-Use 81 (46) 51 (43) 47 (26) 29 (24)
Screen FEV; (L)
Mean (SD) 2.08 (0.82) 1.95 (0.71) 2.06 (0.71) 2.02 (0.72)
Median (Range) 1.97 (0.58 - 4.73) 1.84 (0.87 - 3.72) 1.97 (0.69 - 3.85) 1.93 (0.80 - 3.85)
Screen FEV; (26 predicted) (age at screening used)
Mean (SD) 62.8 (15.8) 61.3 (15.8) 65.2 (13.9) 64.3 (15.3)
Range 65.8 (29 - 92) 62.5 (31 - 88) 66.0 (34 - 96) 64.4 (36 - 95)
Baseline FEV; (L)
Mean (SD) 2.07 (0.82) 1.95 (0.69) 2.06 (0.77) 1.96 (0.74)
Median (Range) 1.95(0.71 - 4.92) 1.82 (0.78 - 3.75) 1.95(0.61 -4.09) 1.79 (0.75 - 4.12)
Baseline FEV; (26 predicted) (age at screening used)
Mean (SD) 62.4 (16.4) 61.4 (16.1) 64.7 (15.7) 62.3 (16.0)
Median (Range) 62.6 (26 - 93) 63.1 (30 - 94) 65.7 (25 - 104) 60.1 (32 - 99)

Note: Results from study report and dataset of ADSL.xpt.

3.2.2.3 Results and Conclusions
Review of Primary Efficacy Endpoint (SAP-specified MM RM and Sensitivity Analyses)

Table 7 shows the results from the SAP pre-specified MMRM model for each study. The
average difference between treatment groups in the change from baseline in FEV| was 83mL in
study CF301 and 54mL in study CF302. In study CF301, this difference is statistically
significant with the lower limit of the 95% confidence interval demonstrating that the average
results with DPM should be expected to be at least 39mL greater than that of the control group.
In study CF302, in a strict sense, the difference between treatment groups of 54 mL is not
statistically significant; however, the results may be suggestive of a treatment effect.
Considering the lower limit of the 95% confidence interval for the difference between treatment
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groups, it is plausible that the mean difference between treatment groups could be less than zero
at -2 mL but we acknowledge that almost all of the confidence interval does lie above zero.

Table 7: Primary Analysis - Absolute Change from Baseline in FEV; (mL) (MITT)

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 CF301

(m=157, c=112) 118.0 (15.3) 34.9 (17.4) 83.1(22.2) (39.4,126.8)  <.001
Study CF302
(m=177, c=120) 106.5 (22.4) 52.4 (25.6) 54.1 (28.5)  (-2.0,110.3)  0.059

SE=standard error.

For Study CF301, the p-value, LS mean, and LSMD obtained from an MMRM repeated model with change from baseline in trough FEV, as
response, and the following predictors: treatment, visit, age, thDNase use, baseline FEV, disease severity (baseline FEV, % predicted), gender,
region, and subject (as a random effect) with unstructured covariance structure. This is the model pre-specified in the SAP for study CF301.
This analysis includes the response at weeks 6, 14, and 26 only. It does not include the change from baseline at baseline in the response variable.
For Study CF302, the p-value, LS mean, and LSMD obtained from a similar MMRM repeated model as was specified in the SAP for Study
CF301; only differences are replacing region with country and adding the visit by treatment interaction term.

However, these results may be being influenced by the differentially missing data previously
described in section 3.2.2.2. First, these analyses utilize the MITT population, not the ITT
population, and therefore are impacted by the exclusion of subjects without post-baseline data
allowing for the possibility that the estimates of the treatment effect being shown here are
exaggerated. Secondly, subjects with some but not complete post-baseline FEV, data are
included in the MMRM analyses by requiring an assumption that the missing data be missing at
random. Given that the early discontinuation rates are not the same in both treatment groups for
either study and the nature of the reasons for withdrawal suggests that early study withdrawal is
associated with coughing, the missing data likely did not occur at random and rather are directly
linked to the tolerability of the treatment assignment. Because of the assumption in the MMRM
analyses that missing data would be similar to observed data if it could have been observed, the
estimates of treatment effect from the MMRM analyses represent a treatment effect that could be
expected if all patients were able to tolerate DPM. These estimates do not represent a treatment
effect in a patient group that is tolerant to DPM. In summary, the statistical assumption
associated with the MMRM analyses requiring that the missing data be missing at random is not
justified.

Many sensitivity analyses were undertaken by the applicant and by the division with the goal of
understanding the impact the missing data had on the pre-specified primary efficacy analyses.
These included several multiple imputation methods, pattern mixture models, and tipping point
analyses. Some of these analyses are better than others but none of them are perfect. While
description of these sensitivity analyses may at first make them seem conservative, even
punitive, closer examination of the assumptions underlying several of these methods reveal that
these methods rely heavily on the missing at random assumption. These methods therefore more
or less impute missing data by preserving the treatment effect that was observed prior to
discontinuation, even though DPM patients who have dropped out are no longer taking the drug.
Advice received from the statistical members of the Pulmonary-Allergy Drug Advisory
Committee in discussing this application echoed these concerns. For these reasons, these types
of sensitivity analyses are not presented here. A sensitivity analysis that does not have these
faults is the single imputation baseline-observation-carried-forward or BOCF approach.
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Historically, this approach has often been used by the Center and sponsors to evaluate efficacy in
the presence of missing data such as is displayed in these studies. This approach is generally
considered a conservative approach in terms of estimating the treatment effect size and an
accurate representation of the efficacy of a product in that subjects who discontinue treatment are
considered as having had no change in their baseline status. In addition, this approach was pre-
specified as a sensitivity analysis for these studies. However, BOCF also is not a perfect method
for dealing with missing data. A single value is imputed for each patient with missing data and
is assumed to be the true value that would have been observed if follow-up had been continued.
As a result, the statistical precision in the estimate of the treatment effect in all randomized
participants is overstated (e.g., the width of the confidence interval for the mean difference
between treatment groups is artificially narrow). This concern of an inadequate representation of
the statistical uncertainty associated with a single imputation approach was also expressed by the
statistical members of the Pulmonary-Allergy Drug Advisory Committee. In summary, none of
the sensitivity analyses provided by the applicant or conducted by the FDA simultaneously
impute a conservative value in terms of estimating the treatment effect while also appropriately
representing the statistical uncertainty in the imputed values. It is theoretically conceivable that
statistical methods that would achieve both of these goals could be created but such methods are
not currently available.

In conclusion, while we agree with critics of the method that the BOCF analysis may overstate
the statistical significance of results, we also believe BOCF provides a conservative estimate of
the point estimate of the treatment effect in the setting of missing data such as is observed in
these studies and for that reason it is presented here. In study CF301, the difference between
DPM and control in the change from baseline in FEV| at week 26 is estimated to be 62 mL. This
is consistent with the conclusion from the pre-specified primary efficacy analysis that DPM is
having more of an effect than control but suggests that the difference between treatment groups
is smaller than the point estimate of 83 mL observed in the pre-specified analysis. In study
CF302, this difference is estimated to be 65 mL and is fairly consistent with the pre-specified
analysis (Table 8). But as described in the preceding paragraph the statistical significance
associated with the BOCF analyses is not reliable. As a result, we conclude that while numerical
trends indicate that there may be a beneficial treatment effect, clear-cut substantial demonstration
of a treatment effect on the primary efficacy endpoint has not been achieved in either study.

Table 8: Sensitivity Analysis for Primary Endpoint (Baseline Observation Carried Forward) -
Absolute Change from Baseline in FEV; (mL) (ITT)

DPM Control Treatment Comparison
DPM — Control
LS Mean (SE) LS Mean (SE) LS Mean (SE) 959%0ClI p-value
BOCF
(5;“31'7?10:1118) 80.6 (14.9) 19.0 (18.2) 61.6 (23.6) (15.2,108.0)  0.009
Study CF302 76.4 (22.4) 11.7 (27.6) 64.6 (35.5) (-5.2,134.5)  0.070

(m=184, c=121)
SE=standard error.
The p-value, LS mean, and LSMD obtained from an ANCOVA model with change from baseline to week 26 in trough FEV, as response with
treatment as a predictor

As an additional sensitivity analysis and to supplement the pre-specified and BOCF analyses, we
provide a post-hoc presentation of the primary efficacy endpoint which incorporates the entire
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ITT population by assuming that patients with missing data are non-responders to treatment.
This is likely an appropriate assumption since patients who cannot tolerate the treatment should
not be expected to receive any efficacy from the treatment.

Figure 5 and Figure 6 provide continuous responder curves (i.e., empirical distribution functions)
for studies CF301 and CF302, respectively. These presentations are developed as follows. Each
patient is classified as having been successfully or unsuccessfully treated according to whether or
not the patient reached a certain threshold for the change from baseline in FEV| at week 26.

This dichotomization of the change from baseline in FEV is repeated across a range of possible
thresholds, in this case from -200 to +400 mL. Patients with missing FEV, data at week 26 are
classified as unsuccessfully treated for all thresholds. In the continuous responder curve, the x-
axis displays the thresholds required to classify a patient as a successfully treated patient. The y-
axis represents the proportion of ITT patients who achieved the corresponding threshold. The
proportion of DPM patients achieving each threshold is represented by the red line and
proportion of control patients by the blue. For example, using study CF301, at the vertical
reference line of a change from baseline in FEV,; of 100 mL, the continuous responder plot
illustrates that 35% of DPM patients had FEV, improved by at least 100 mL while only 28% of
control patients experienced such a change.

As shown in both figures, there is an initial dramatic drop from 100% to approximately 60% in
the y-axis, corresponding to the proportion of patients who dropped out since patients with
missing data were classified as unsuccessfully treated for all thresholds. Dropouts were more
frequent in the DPM group compared to control in both studies but particularly so in study
CF301. Also evident from Figure 5 and Figure 6 is that there is some separation between the
treatment groups. After overcoming the initial lower rates of efficacy due to the imputation of
failure for patients who dropped out, in each study, the DPM group had a numerically (but not
statistically significantly) higher proportion of patients who achieved the change from baseline
FEV, thresholds than did the control group. This is evidenced by the fact that the red line
(DMP) generally lies slightly above the blue line (control) in both figures.
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Figure 5: Responder Analysis for Observed FEV| Change from Baseline to Week 26 (CF301)
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Figure 6: Responder Analysis for Observed FEV, Change from Baseline to Week 26 (CF302)
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In supplement to the continuous responder plot, Table 9 provides a comparison of treatment
groups using several thresholds in the change from baseline in FEV;: (1) a change of at least 50
mL, (2) a change of at least 75 mL, and (3) a change of at least 100 mL. All patients who
dropped out before week 26 are considered nonresponders for these analyses. For study CF301,
there were no statistically significant differences between treatment groups in the proportion of
DPM responders compared to that of the control patients; however, numerical trends that favored
DPM over control were present at each threshold examined. For study CF302, the proportion of
subjects who achieved each of the thresholds examined were higher in the DPM group than the
control group.

Table 9: Responder Analysis Results for the Primary Endpoints at Week 26
Odds Ratio (95%6Cl)*

ik 1

Response Definition DPM Control (DPM vs. Control) p-value
Study CF301

ITT? 176 118

FEV; absolute increase=50mL 73 (41%) 42 (36%) 1.23 (0.75, 2.02) 0.420

FEV, absolute increase=75mL 66 (37%) 35 (30%) 1.34 (0.80, 2.24) 0.259

FEV, absolute increase=100mL 62 (35%) 33 (28%) 1.31 (0.78, 2.21) 0.312
Study CF302

ITT? 184 121

FEV, absolute increase=50mL 97 (53%) 48 (40%) 1.99 (1.20, 3.31) 0.008

FEV, absolute increase>75mL 92 (50%) 44 (36%) 2.01 (1.21, 3.35) 0.007

FEV,; absolute increase>100mL 84 (46%) 43 (36%) 1.69 (1.02, 2.80) 0.041

1. Logistic regression with treatment, rhDNase use, region (or country for study CF302), baseline FEV,, gender, age, and FEV, severity at
screening (model terms chosen based on similarity to terms pre-specified in the primary efficacy analysis model in the SAP)
2. Included the patients who dropped out before week 6.

The continuous responder curves at each visit prior to week 26 were also considered. The
patterns in these data are similar to those presented in this report for week 26.

Other Spirometry Endpoints

As for the primary efficacy endpoint, analyses of the other spirometric endpoints are complicated
by the treatment-related early discontinuations previously described. For this reason and because
the treatment effect on spirometric endpoints generally are expected to be similar to that of the
primary efficacy endpoint, cumulative responder plots are provided to summarize these data in a
descriptive way (Figure 7 through Figure 9). Dichotomized responder analyses are also provided
(Table 10). These results provide conclusions regarding the treatment effect that are generally
consistent with that of the primary efficacy endpoint.
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Figure 7: Responder Analysis for FVC (mL) Change from Baseline to Week 26 (ITT)
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Table 10: Responder Analysis Results for the Secondary Endpoints at Week 26 (ITT)
Odds Ratio (95%6CI)*

1

Response Definition DPM Control (DPM vs. Control) p-value
Study CF301

ITT? 176 118

FEV; percent increase =5% 64 (36%) 36 (31%) 1.24 (0.74, 2.09) 0.406

Percent predicted FEV; increase >5% 35 (20%) 19 (16%) 6 (0.67, 2.40) 0.470
Study CF302

ITT° 184 121

FEV, percent increase =5% 86 (47%) 44 (36%) 1.85(1.09, 3.13) 0.023

Percent predicted FEV, increase >5%?3 52 (28%) 31 (26%) 1.20 (0.69, 2.10) 0.510

1. Logistic regression with treatment, hDNase use, region (or country for study CF302), baseline FEV, gender, age, and FEV severity at
screening (model terms chosen based on similarity to terms pre-specified in the primary efficacy analysis model in the SAP)

2. Included the patients who dropped out before week 6.

3. Percent predicted FEV, was derived using measured height.

Selected Non-Spriometric-Related Endpoints

To examine the effects of DPM outside that of spriometric-related endpoints and in the absence
of any pre-specified multiplicity correction for secondary endpoints in study CF301, the
following endpoints were selected by the FDA clinical team for review here: PDPE, rescue
antibiotic use for PDPE, occurrence of hospitalization for PDPE, and QOL.

Results for the PDPE endpoint are provided in Table 11. The treatment-related early
discontinuations previously described may have also impacted these results. Patients who
discontinued study participation early were not available to report the occurrence of these events.
While these analyses do adjust for differential exposure time, they also assume missing data
would have been similar to the observed data, if it had been observed. In study CF301, the
PDPE mean annual event rate was numerically lower in the DPM group than in the control group
(0.78 and 1.05 events per patient per year respectively); however this numeric difference could
be a result of the differential early discontinuation rates. Regardless, this numeric difference was
not statistically significant. For study CF302, the PDPE mean annual event rate was similar
between the treatment groups (0.52 vs. 0.50 for DPM and control, respectively) with no
statistically significant difference.

Table 11: Annual Rate of Exacerbation over 26 Weeks of Treatment (ITT)

Poisson Negative Binomial

Response DPM* Control* Rate Ratio (95%CI)? p- Rate Ratio (95%Cl)? 3
Definition Mean (SD) Mean (SD) (DPM. vs. Control) value? (DPM. vs. Control) p-value
Study CF301

N 177 118

PDPE 0.78 (1.98) 1.05 (2.15) 0.78 (0.51, 1.19) 0.251 0.74 (0.47,1.18) 0.205
Study CF302

N 184 121

PDPE 0.52 (1.70) 0.50 (1.14) 0.85 (0.51, 1.41) 0.520 0.95 (0.57, 1.58) 0.839

1: For each subject, the rate of PDPE events is estimated as 365.25 x (the number of PDPE / the number of days of drug exposure).

2:The Poisson regression model fitted is # of PDPE = treatment group + age at visit 1 + RhDNase use + country/region + FEV, percent predicted
at visit 1 + error with the natural logarithm of the extent of exposure to study medication (in days) used as an offset term in the model

3:The negative binomial regression model fitted is # of PDPE = treatment group + age at visit 1 + RhDNase use + country/region + FEV| percent
predicted at visit 1 + error with the natural logarithm of the extent of exposure to study medication (in days) used as an offset term in the model.
Study CF302’s model also included historical rates of exacerbation which were not collected in study CF301.

The time to first PDPE was analyzed using a Cox proportional hazards model. No statistically
significant differences between treatment groups for this endpoint were found. In study CF301,
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the hazard ratio for DPM compared with control was 0.77 (95%CI: 0.47, 1.26, p=0.295). In
study CF302, the hazard ratio for DPM compared with control was 0.74 (95%CI: 0.42, 1.32,
p=0.308). Kaplan-Meir estimates for the time to first PDPE are provided in Figure 10.

Figure 10: Kaplan- Meier Curve of Time to First PDPE (ITT)
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Similar results were observed for the rate of episodes of rescue antibiotic use for PDPE and the
rate of hospitalization due to PDPE. No statistically significant differences between treatment
groups for either endpoint were observed in either study (Table 12).

Table 12: Annual Rate of Rescue Antibiotic Use or Hospitalization due to PDPE (ITT)

Secondary Endpoints Study CF301 Study CF302

Episodes of Rescue Antibiotic Use due to PDPE RR=0.76 RR=0.89
95%CI (0.50, 1.16) (0.69, 1.15)
p-value 0.197 0.368

Hospitalization due to PDPE RR=1.00 RR=0.75
95%CI (0.59, 1.68) (0.42, 1.33)
p-value 0.992 0.328

1:The Poisson regression model fitted is # of event = treatment group + age at visit 1 + RhDNase use + country/region + FEV,
percent predicted at visit 1 + error with the natural logarithm of the extent of exposure to study medication (in days) used as an
offset term in the model. Study CF302’s model also included historical rates of exacerbation which were not collected in study
CF301.

Quality of life was measured using the Quality of Life Respiratory Domain from the Cystic
Fibrosis Questionnaire. Comparisons between treatment groups are provided in Table 13. No
statistically significant differences between treatment groups in the QOL were observed in either
study. In study CF302, there were no statistically significant differences between treatment
groups but the results numerically favored the control.
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Table 13: QoL-CFQ-R-Respiratory Domains Score (Subset of MITT)

Secondary Endpoints Study CF301 Study CF302
N DPM=114, Ctrl=87 DPM=156, Ctrl=110
QoL - CFQ-R-Respiratory domains
95%CI TRT Diff=0.0 TRT Diff=-3.88
p-value (-2.0, 2.0) (-8, 0.22)
0.996 0.063

[Module 5.3.5.1 Study Report Tables DPM-CF-301: table 14.2.9.2;
Study Report Tables PDM-CF302: table14.2.19.14]

Efficacy Conclusion

The overriding statistical concern in the analyses of the efficacy data in studies CF301 and CF302
is the treatment-related frequent early study discontinuations. This is more problematic in study
CF301 than study CF302. In study CF301, 64% of DPM and 73% of control patients completed
the 26 week treatment period. In study CF302, 83% of DPM and 88% of control patients
completed the 26 week treatment period. The pre-specified MMRM provides estimates of the
treatment effect for the change from baseline in FEV, that may be systematically larger than the
true treatment effect because of the differential effect these early study withdrawals may have had.
BOCEF analyses are numerically consistent with a positive treatment effect for DPM relative to
control but are not reliable for demonstration of statistical significance. For study CF301, the
BOCEF analyses suggest that the magnitude of the treatment effect size (if a treatment effect exists)
may be smaller than the 83 mL estimated by the pre-specified analyses. We conclude that clear-
cut substantial demonstration of a treatment effect on the primary efficacy endpoint has not been
achieved in either study.

To summarize the conclusions regarding the secondary efficacy endpoints, no statistically

significant differences between treatment groups were demonstrated for any non-spirometric
endpoint.
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3.3 Evaluation of Safety

As part of the review of this application, the FDA clinical team identified the occurrence of
hemoptysis as an important endpoint for evaluation of the safety of DPM. Therefore post-hoc
exploratory analyses of the frequency of hemoptysis are included in this section. The MITT
group is utilized in these analyses since in the setting of these studies with differential early
discontinuation by treatment group, including patients who did not return for at least one post-
baseline follow-up visit (i.e., the ITT group) could dilute the between treatment group difference.

The proportion of patients experiencing hemoptysis is provided in Table 14. There are no
statistically significant differences between treatment groups in the proportion of patients
experiencing hemoptysis and no statistically significant difference in the treatment effect across
age groups (test for homogeneity of odds ratio p-value=0.6 for each study); however, numerical
trends indicate that the risk of hemoptysis may be increased with DPM use and possibly suggest
that the difference between treatment groups in hemoptysis may be more pronounced in patients
less than 18 years of age as opposed to patients older than 18 years of age. The sponsor
attributes the numeric differences in the treatment effect for different age groups to the fact that
the patients in the younger age groups had lower percent predicted FEV at baseline than those
older than 18 years of age. From a statistical perspective, this rationalization is not plausible in
the setting of a randomized study. Lower percent predicted FEV, at baseline in the younger age
groups may be an explanation for why younger patients (in either treatment group) experience
hemoptysis more frequently; however, it is not a reasonable explanation for why the difference
between treatment groups in the younger subjects should be larger than that of older patients.

Table 14: Frequency of Hemoptysis (MITT Population)

Study CF301 Study CF302
DPM Control p-value DPM control p-value
MITT 21/157 (13%) 10/112 (9%) 0.26 13/177 (7%)  3/120 (3%) 0.07
Ages 6 to 11 years 1/28 (4%) 0/17 (0%) 0.43 3/35 (9%) 0/24 (0%) 0.14
Ages 12 to 17 years 4/30 (13%) 1/24 (4%) 0.25 4/55 (7%) 1/39 (3%) 0.32
Ages >18 years 16/99 (16%) 9/71 (13%) 0.53 6/87 (7%) 2/57 (4%) 0.39

p-value associated with test for difference between treatment groups in proportion of patients experiencing hemoptysis

4 FINDINGSIN SPECIAL/SUBGROUP POPULATIONS

Since studies CF301 and CF302 differed in terms of the early discontinuation rate and pattern
subgroup analyses are presented separately for each study. The subgroup analyses of the primary
efficacy variable using a BOCF approach and by age, gender, region, RhDNase use, and baseline
percent predicted FEV, are provided in Table 15. We acknowledge that the BOCF analysis may
overstate the statistical significance of results slightly because of an artificial reduction in the
variance; however, we believe BOCF provides a conservative point estimate of the treatment
effect in the setting of missing data such as is observed in these studies and therefore is useful in
interpreting these results in that regard.
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While some numerical trends in the magnitude of the effect on the primary efficacy endpoint
were observed by age group in study CF301, these differences were not statistically significant.
In fact, no statistically significant differences in the treatment effect was observed by age,
gender, region, RhDNase use, and baseline percent predicted FEV| in either study (as evidenced
by insignificant p-values associated with the test of treatment-by-subgroup interaction terms in
the ANCOVA model in all cases).

Table 15: Subgroup Analysis of Absolute Change from Baseline in FEV; (mL) at Week 26 using
Baseline Observation Carried Forward Imputation Method (ITT)

DPM Control Treatment Comparison
LS Mean LS Mean DPM — Control
(Sb) (Sb) LS Mean (SE) 95%ClI
Study CF301
Aged 6 - 11 year (m=30, c=17) 102.7 (26.3) 80.0 (35.0) 22.7 (43.8) (-65.5, 110.8)
Aged 12 - 17 years (m=32, c=25) 88.1 (43.8) 54.8 (49.5) 33.3 (66.1) (-99.1, 165.8)
Aged <18 years (m=62, c=42) 95.2 (26.1) 65.0 (31.7) 30.2 (41.1) (-51.4, 111.7)
Aged >18 years (m=114, c=76) 72.6 (18.0) -6.4 (22.1) 79.1 (28.5) (22.8, 135.4)
Female (m=70, c=61) 59.4 (22.8) 2.6 (24.4) 56.8 (33.4) (-9.4, 123.0)
Male (m=106, c=57) 94.5 (19.8) 36.5 (26.9) 58.0 (33.4) (-8.0, 124.0)
AU/NZ (m=61, c=43) 53.9 (23.2) 35.6 (27.6) 18.4 (36.0) (-53.1, 89.8)
UK/IR (m=115, c=75) 94.7 (19.3) 9.5 (23.9) 85.2 (30.7) (24.7, 145.7)
RhDNase Non-User (m=81, c=51) 102.6 (24.0) 63.7 (30.3) 38.9 (38.7) (-37.7, 115.4)
RhDNase User (m=95, c=67) 61.8 (18.3) -15.1 (21.8) 76.9 (28.5) (20.6, 133.2)
BaseFEV;<50%Pred (m=41, c=32) 38.5 (21.9) 12.5 (24.8) 26.0 (33.1) (-40.0, 92.0)
BaseFEV;>50%Pred (m=135, c=86) 93.3 (18.4) 21.4 (23.0) 71.9 (29.4) (14.0, 129.9)
Study CF302

Aged 6 - 11 year (m=35, c=24) 104.3 (38.6) 53.3 (46.6) 87.0 (60.5) (-34.1, 208.0)
Aged 12 - 17 years (m=56, c=39) 87.9 (48.4) 91.5 (58.1) -3.7 (75.6) (-153.8, 146.5)
Aged <18 years (m=91, c=63) 108.0 (33.2) 77.0 (40.0) 31.0 (51.9) (-71.6, 133.7)
Aged >18 years (m=93, c=58) 45.4 (29.3) -59.1 (37.0) 104.5 (47.2) (11.2, 197.8)
Female (m=90, c=58) 72.3 (28.9) 22.8 (36.0) 49.6 (46.2) (-41.7, 140.9)
Male (m=94, c=63) 80.2 (34.0) 1.6 (41.6) 78.6 (53.7) (-27.5, 184.7)
Non-US (m=99, c=67) 105.1 (33.0) 76.4 (40.1) 28.6 (51.9) (-73.9, 131.2)
US (m=85, c=54) 42.9 (28.4) -68.5 (35.6) 111.5 (45.6) (21.3, 201.6)
RhDNase Non-User (m=47, c=29) 123.4 (41.8) 73.4 (53.3) 50.0 (67.7) (-85, 184.9)
RhDNase User (m=137, c=92) 60.2 (26.3) -7.7 (32.1) 67.9 (41.5)) (-13.8, 149.7)
BaseFEV;<50%Pred (m=34, c=34 150.9 (50.1) 21.2 (50.1) 129.7 (70.8) (-11.7, 271.2)
BaseFEV;>50%Pred (m=150, c=87) 59.5 (25.0) 8.0 (32.8) 51.4 (41.2) (-29.8, 132.7)

SE=standard error.
The p-value, LS mean, and LSMD obtained from an ANCOVA model with change from baseline to week 26 in trough FEV, as response with
treatment as a predictor

To further describe the numeric differences in the treatment effect within age groups, the
cumulative responder plots for each subgroup are provided. Figure 11 shows the result for study
CF301. On the left is the cumulative responder plot for the 6 to 17 year old age group. On the
right is the same for the 18 and older group. Results for study CF302 are shown in Figure 12.
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Figure 11: Responder Analysis: Change from Baseline in Change from Baseline in FEV, at week
26 (ITT), Study CF301
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Figure 12: Responder Analysis: Change from Baseline in Change from Baseline in FEV, at week
26 (ITT), Study CF302
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5 SUMMARY AND CONCLUSIONS
51 Statistical |ssues

The following statistical issues have been described and commented upon throughout the review.

e The overriding statistical concern in the analyses of the efficacy data in studies CF301
and CF302 is the treatment-related frequent early dropouts. Analyses of the primary
efficacy endpoint using the SAP-specified MMRM methods may systematically
overestimate the treatment effect of DPM. Sensitivity analyses (including but not limited
to BOCF and cumulative responder plots) were undertaken to assess the impact the
missing data had on the primary efficacy analysis.

e Sensitivity analyses for the primary efficacy that simultaneously impute a conservative
value in terms of estimating the treatment effect (such as that of BOCF) while also
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appropriately representing the statistical uncertainty in the imputed values (by employing
a multiple imputation approach) are not available.
e Numerous inconsistencies or inaccuracies in the documentation of the SAP and
protocol for study CF301 were identified including, among others, variations in
the selection of covariates for inclusion in the MMRM model; however the
practical impact of these inconsistencies are expected to be relatively little next to
that of the treatment-related frequent early dropouts.

5.2 Coallective Evidence

The overriding statistical concern in the analyses of the efficacy data in studies CF301 and
CF302 is the treatment-related frequent early dropouts. Analyses of the primary efficacy
endpoint using the pre-specified statistical methods are problematic because they cannot
incorporate the entire ITT group and because they require inappropriate assumptions about
missing data. Patients who dropped out before week 6 are necessarily entirely excluded from
these analyses so that only 156 of 177 (88%) DPM patients and 112 of 118 (95%) control
patients are included in the MITT group in study CF301. In study CF302, 177 of 184 (96%)
DPM patients and 120 of 121 (99%) control patients are included in the MITT group. Additional
missing data at weeks 14 and 26 also occurred differentially by treatment group. In study
CF301, at week 26, 116 of 177 (66%) DPM patients and 89 of 118 (75%) control patients have
observed data. In study CF302, at week 26, 157 of 184 (85%) DPM patients and 111 of 121
(92%) control patients have observed data. The pre-specified primary statistical analysis
method, a mixed model for repeated measures (MMRM), requires an assumption that missing
data occurred at random, unrelated to treatment. Since this assumption is violated in these
studies, the MMRM analysis estimating the treatment effect is flawed and the MMRM estimates
of the treatment effect in the change from baseline in FEV; outcome may be systematically
larger than the true treatment effect. Therefore, sensitivity analyses assessing the impact of the
missing data on the treatment effect were necessary.

Many sensitivity analyses were undertaken by the applicant and by the division with the goal of
understanding the impact the missing data had on the pre-specified primary efficacy analyses.
Some analyses are better than others but none of them are perfect. While description of these
sensitivity analyses may at first make them seem conservative, even punitive, closer examination
of the assumptions underlying several of these methods reveal that these methods rely heavily on
the missing at random assumption. These methods therefore more or less impute missing data by
preserving the treatment effect that was observed prior to discontinuation, even though DPM
patients who have dropped out are no longer taking the drug. A sensitivity analysis that does
not have these faults is the baseline-observation-carried-forward or BOCF approach. However,
BOCEF also is not perfect. A single value is imputed for each patient with missing data and is
assumed to be the true value that would have been observed if follow-up had been continued. As
a result, the statistical precision in the estimate of the treatment effect in all randomized
participants is overstated (e.g., the width of the confidence interval for the mean difference
between treatment groups is artificially narrow). In summary, none of the sensitivity analyses
provided by the applicant or conducted by the FDA simultaneously imputes a conservative value
in terms of estimating the treatment effect while also appropriately representing the statistical
uncertainty in the imputed values. It is theoretically conceivable that statistical methods that
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would achieve both of these goals could be created but such methods are not currently available.
In conclusion, while we agree with critics of the method that the BOCF analysis may overstate
the statistical significance of results, we also believe BOCF provides a conservative point
estimate of the treatment effect in the setting of missing data such as is observed in these studies
and for that reason the BOCF results are described here. In study CF301, the difference between
DPM and control in the change from baseline in FEV| at week 26 is estimated to be 62 mL. This
is consistent with the conclusion from the pre-specified primary efficacy analysis that DPM is
having a better outcome than control but suggests that the difference between treatment groups is
smaller than the treatment effect of 83 mL estimated in the pre-specified analysis. In study
CF302, this difference is estimated to be 65 mL and is fairly consistent with the pre-specified
analysis. But as previously described, the statistical significance associated with the BOCF
analyses is not reliable. As a result, we conclude that while numerical trends indicate there may
be a beneficial treatment effect, clear-cut substantial demonstration of a treatment effect on the
primary efficacy endpoint has not been achieved in either study.

Continuous responder curves (i.e., empirical distribution functions) illustrating the proportion of
DPM and control patients achieving a certain threshold in the primary endpoint by
dichotomizing the primary endpoint over a range of possible thresholds allow inclusion of the
entire [TT group and account for the treatment-related missing data by considering subjects with
missing data nonresponders. In both studies, the DPM group had numerically (but not always
statistically significantly) higher proportions of patients who achieved the change from baseline
FEV, thresholds than did the control group. These numerical trends are consistent with the
numerical trends in the MMRM analyses and BOCF approach.

To summarize the conclusions regarding the secondary efficacy endpoints, no statistically
significant differences between treatment groups were demonstrated for any non-spirometric
endpoint.

Post-hoc exploratory analyses of the frequency of hemoptysis revealed no statistically significant
differences between treatment groups in the proportion of patients experiencing hemoptysis and
no statistically significant difference in the treatment effect across age groups.

5.3 Conclusions and Recommendations

The analysis of efficacy data from studies CF301 and CF302 are complicated by the frequent and
treatment-related early discontinuations resulting in systematically missing FEV| measurements.
The pre-specified primary statistical analysis method, a mixed model for repeated measures
(MMRM), requires an assumption that missing data occurred at random, unrelated to treatment.
Since this assumption is violated in these studies, the MMRM analyses estimating the treatment
effect is flawed and the MMRM estimates of the treatment effect in the change from baseline in
FEV, outcome may be systematically larger than the true treatment effect. BOCF analyses
provide a conservative point estimate of the treatment effect in the setting of missing data such as
is observed in these studies. In study CF301, the difference between DPM and control in the
change from baseline in FEV at week 26 is estimated to be 62 mL. This is consistent with the
conclusion from the pre-specified primary efficacy analysis that DPM is having a better outcome
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than control but suggests that the difference between treatment groups is smaller than the
treatment effect of 83 mL estimated in the pre-specified analysis. In study CF302, this
difference is estimated to be 65 mL and is fairly consistent with the pre-specified analysis. But
the statistical significance associated with the BOCF analyses is not reliable. As a result, we
conclude that while numerical trends indicate there may be a beneficial treatment effect, clear-
cut substantial demonstration of a treatment effect on the primary efficacy endpoint has not been
achieved in either study.
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Secondary Pharmacology and Toxicology Review for NDA 202-049
TO: NDA 202-049 (Pharmaxis Ltd.)

FROM: Marcie Wood, Ph.D.
Pharmacology and Toxicology Acting Supervisor
Division of Pulmonary, Allergy, and Rheumatology Drug Products

DATE: February 14, 2013

Overview: | concur with the recommendation of Dr. Lugi Pei (detailed in a nonclinical review dated
February 5, 2013) that the pharmacology and toxicology of Bronchitol (D-mannitol inhalation powder)
have been adequately studied and the drug product should be approved from a nonclinical perspective.

No new nonclinical data were submitted to the current NDA. Instead, the current NDA referenced Aridol
NDA 22-368 (approved on October 5, 2010 as a diagnostic agent for assessing airway hypersensitivity in
asthmatics at an inhaled dose of 635 mg) for nonclinical support. (Note: Pharmaxis is the owner of both
NDA 22-368 and 202-049). The Division had previously determined that a 6-month inhalation toxicity
study of mannitol in an appropriate species would support registration of both Aridol and Bronchitol, as
the toxicological profile of mannitol by non-inhalation routes is well-known. Therefore, inhalation
toxicity studies (described below) were conducted and submitted to IND 70,277.

Inhalation toxicity studies up to 3 and 6 months in duration in rats and dogs, respectively, identified the
respiratory system as the target organ of inhaled mannitol. Briefly, increased incidences of macrophage
aggregation and alveolitis were observed in a 3-month study in rats. Cough, laryngeal ulceration, and
sinus histiocytosis were observed in a 6-month study in dogs. There were no neoplastic or pre-neoplastic
findings in the respiratory tract. In addition, mannitol was not carcinogenic in 2-year National Toxicology
Program (NTP) dietary carcinogenicity studies conducted in rats and mice. Mannitol was also non-
genotoxic in a battery of studies conducted by NTP. Finally, available nonclinical data in the literature
showed that mannitol was not teratogenic in studies in mice or rats.

Labeling: A labeling review will be completed at a later time.

There are no outstanding Pharmacology and Toxicology issues for this product.
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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

The clinical recommendation for this submission for New Drug Application (NDA)
202,049, mannitol inhalation powder for the management of cystic fibrosis in patients
aged 6 years and older to improve pulmonary function, is complete response. This
recommendation is based on inadequate evidence of efficacy and safety for the
indicated population.

The primary basis for support for the efficacy and safety of dry powder mannitol were
two Phase 3 controlled trials (Studies 301 and 302) that used the dose of dry powder
mannitol (DPM) proposed for approval, at 400mg twice daily. In the Phase 3 studies,
719 patients received the first test dose of DPM under direct physician observation,
given that DPM is approved as a test for bronchial hyperresponsiveness. Of that
number, 600 patients (361 DPM, and 239 control) were included in the Intent-to-Treat
(ITT) population.

From an efficacy perspective, Studies 301 and 302 failed to provide sufficient data to
support a finding of substantial evidence of efficacy of DPM in CF. Both studies
demonstrated frequent and treatment-related early discontinuations, which could not be
accounted for in the Applicant’s pre-specified mixed effects model for repeated
measurements (MMRM), because an assumption of this method is that missing data will
be few, and at random. In addition, MMRM analysis includes only patients with post-
baseline measurements (the modified ITT, or MITT, population), and therefore excludes
patients who were randomized and received study drug but who dropped out before the
week 6 time point. Using the Applicant's MMRM analyses in a modified ITT population
(MITT), there was a statistically significant treatment effect for the primary endpoint,
absolute change in FEV1 through week 26 in Study 301 (an 83mL difference favoring
DPM 400mg, p<0.001), with the 54mL difference observed in Study 302 (p=0.059) not
meeting the usual standard for statistical significance. Because the proposed MMRM
analysis does not account for the differential dropout of patients, numerous sensitivity
analyses were conducted to determine the impact of missing data on the primary
endpoint. Most of these retained statistical significance for Study 301, with an
estimated treatment effect of 60 to 80mL. However, this does not consider a second
issue caused by the missing data, which is that, because of unequal dropout, the
comparison is no longer in two similar groups. The DPM group is of “tolerators,” and
control may or may not chronically tolerate DPM. Therefore, because the differential
dropout created two different populations, and comparison of these two dissimilar
groups is problematic. Last, the proposed indication extends to children a young as 6
years of age, but the efficacy data in pediatric patients 6 to 17 years of age is mixed,
offering less surety of effect than that for the entire study population.
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From a safety perspective, the database reflected the issues of dropouts, with higher
rates of discontinuation for DPM-treated patients throughout the double-blinded
treatment periods, at a rate of 2:1 for those on DPM over control. For those patients
who were able to tolerate DPM and continue treatment, cough and hemoptysis occurred
at consistently higher rates than in controls across all adverse event reporting
categories. In the total safety population, hemoptysis was noted in twice as many DPM
400mg-treated patients than those receiving controls. This small but clear signal for
hemoptysis occurred even in the youngest age group of 6 to 11 year-olds, raising issues
of safety specifically for pediatric patients. While no patients died from hemoptysis
events in the safety population during the conduct of these studies, the long-term effect
of the 2-to-4-fold increases in hemoptysis seen in this program, when projected to
chronic use over the course of a CF patient’s lifetime, is unknown. There were not
many additional concerns, with overall numbers, in terms of SAE and AEs, slightly
favoring DPM treatment.

Efficacy and safety of DPM was discussed at a Pulmonary-Allergy Drugs Advisory
Committee meeting, held on January 30, 2013. The issues regarding efficacy and
safety were presented by FDA and Pharmaxis, and the advisory committee was asked
to discuss and vote upon issues of efficacy, safety, and risk-benefit for the indicated
population.

Considering if there was substantial evidence of efficacy for patients aged 6 years and
older, the committee voted 3 yes, 11 no. Those who voted “yes” noted the first trial
reaching statistical significance with a small treatment effect, and a trend in the second
study. Those who voted “no” felt the standard of evidence has not been met, and future
studies would be required. Most members felt that pediatric efficacy was not
demonstrated, and two members who voted “no” stated they would have voted “yes,” if
the indication had been for adults only.

Safety was viewed as a major concern, as the committee voted (3 yes, 11 no) that the
safety data were adequate for CF patients 6 and older. Members voting “yes” felt that
the hemoptysis described was not life-threatening, and could be managed by
discontinuing the treatment. Those voting “no” felt that the safety profile, especially in
pediatrics, had not been fully evaluated, and that long-term studies would be needed.
Concerns for the amount of tolerability issues and dropout rates were also described.

Regarding if the overall efficacy and safety provided substantial evidence for approval,
the results were against approval (0 yes, 14 no), commenting there is no substantial
evidence of efficacy, with concern for the risk-benefit ratio in children. Several members
noted more confidence in efficacy and safety in the adult population over the pediatric
population.

1.2 Risk Benefit Assessment

The benefit-to-risk analysis for DPM is complex, given that CF is a serious, life-
threatening disease with high morbidity and early mortality, and the majority of
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treatments available being supportive. One trial of two demonstrated a statistically-
significant benefit in FEV1 of DPM over control, but differential dropout formed two
different comparator groups at the end of 26 weeks, such that the overall treatment
effect for the intended population has not been adequately characterized. In addition,
the small changes in FEV1 measured were not supported by any statistically significant
secondary endpoints that would be expected to carry clinical impact, such as rate of
hospitalizations, rate of antibiotic use, rate of pulmonary exacerbations, or
improvements in quality of life measurements over the treatment period. Add to this a
greater variability between results from each study for patients 6 to 17 years of age,
raising even more the question of treatment benefit in the pediatric population.
Considering the safety data, there are increased signals for tolerability issues and
hemoptysis in the adult population, but given the severity of the disease, these could be
considered acceptable if the treatment benefit were more clear. However, specifically
for pediatrics, questionable efficacy and a clear safety signal for hemoptysis negatively
impact my assessment of benefit-to risk assessment.

In order to address the deficiencies presented in the current application, this reviewer
feels another clinical trial is necessary to assess the efficacy of DPM in the adult CF
population. The trial would need to clearly identify DPM “tolerators,” so that the true
treatment effect of DPM could be quantitated. This study design could include a run-in
period to identify those patients who could tolerate DPM on a chronic basis, then
randomize to DPM or control. In addition, the parameters used to determine a positive
MTT test should be reassessed, similar to those of the approved Aridol label for
demonstration of bronchial hyperresponsiveness, namely any decrease of > 15%
predicted FEV1 should be considered a failed test, and the patient should be excluded
from further study.

Another deficiency within the package is regarding the dose of DPM chosen. The
400mg dose is the highest dose studied, and the only one that demonstrated a
statistically-significant difference between the 40mg negative dose from the small dose-
ranging Study 202. It is not clear if a higher dose might be more beneficial for adults,
since one was not studied, limited by technique and number of capsules required.
However in pediatrics, additional dose exploration is challenging, because of the safety
signal seen at the 400mg dose, with marginal determination of benefit in pediatric
patients.

The concerns for both efficacy and safety identified in this review were mirrored in the
discussion and voting of the Pulmonary-Allergy Drugs Advisory Committee, which
ultimately voted 0 to 14 against approval for DPM.

In this reviewer’s opinion, if the Applicant were able to demonstrate substantial evidence
of efficacy in a population of DPM tolerant adult patients, the risk-benefit assessment
would be more favorable. The support for the pediatric population would require a
demonstration of substantial benefit with a demonstration of acceptable safety,
especially with regard to the long-term effects of recurrent hemoptysis.
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1.3 Recommendations for Postmarket Risk Evaluation and Mitigation
Strategies

In light of the complete response recommendation, there are no post-market
requirement risk-evaluation and mitigation strategy comments at this time.

1.4 Recommendations for Postmarket Requirements and Commitments

In light of the complete response recommendation, there are no post-market
requirement comments at this time.

2 Introduction and Regulatory Background

2.1 Product Information

Information

Mannitol is the d