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1 Executive Summary 

1.1. Product Introduction 

The Applicant, AstraZeneca (AZ), has a submitted an NDA Class 2 Resubmission for the fixed-dose 
combination (FDC) of budesonide (BD), glycopyrrolate (GP), and formoterol fumarate (FF) inhalation 
aerosol (combination referred to as BGF). BGF (tradename: Breztri) is an FDC of the inhaled 
corticosteroid (ICS) BD, the long-acting muscarinic antagonist (LAMA) GP, and the long- -
adrenergic receptor agonist (LABA) FF delivered by a pressurized metered dose inhaler (MDI). BGF is 

espectively, twice daily. The FDC of 
glycopyrrolate/formoterol fumarate (GFF) is approved in the United States under the tradename 
Bevespi Aerosphere at the same dose for the glycopyrrolate (160 ) and formoterol fumarate (9.6 

) components using the same delivery device as the BGF combination. The FDC of BFF is not 
approved, nor are the mono-components BD, GP, and FF in this delivery device. However, they are 
approved alone and in combination in other delivery devices for inhalation. 

The initial 505(b)(2) NDA for BGF for the maintenance treatment of chronic obstructive pulmonary 
disease (COPD) was submitted on November 30, 2018. A Complete Response (CR) action was taken 
on September 30, 2019 as the results from the single phase 3 trial [BGF Trial PT010006 (referred to 
as Trial 06)] meant as primary support for safety and efficacy did not demonstrate the contribution 
of the ICS monocomponent to the combination and did not provide substantial evidence of efficacy.  
 
In Trial 06, BGF was compared to the dual combinations glycopyrrolate/formoterol fumarate (GFF, 
an approved LAMA/LABA combination) and budesonide/formoterol fumarate (BFF) for efficacy. In 
that trial, compared to GFF, BGF did not show a statistically significant improvement in the co-
primary endpoint of morning pre-dose trough forced expiratory volume in 1 second (FEV1) at 
Week 24. As such, there was no demonstration that BD contributed to the bronchodilatory 
effect of BGF. For the other co-primary endpoint of Trial 06, BGF did show a statistically 
significant improvement in FEV1, demonstrating the contribution of GP to BGF. Because of the 
failure to achieve statistical significance for both components of the co-primary endpoint, all 
secondary endpoints, including exacerbation, were considered not statistically significant. 
Therefore, Trial 06 was insufficient to support the efficacy of BGF in terms of bronchodilation, 
exacerbation, and contribution of the BD component to the combination.

The deficiency cited in the CR letter issued on September 30, 2019 stated: 
 

“The single Breztri Aerosphere phase 3 pivotal trial failed on the co-primary endpoint of 
change from baseline in trough FEV1 for the comparison of Breztri Aerosphere and the 
glycopyrrolate and formoterol fumarate combination. Therefore, the submitted data do not 
establish the contribution of budesonide to the Breztri Aerosphere combination product. 
Furthermore, due to failure at the co-primary endpoint, all secondary endpoints in the 
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single phase 3 pivotal trial failed to show statistical significance and did not provide 
supportive evidence of efficacy. Moreover, as only a single Breztri Aerosphere phase 3 
pivotal trial was submitted with this application, there was no additional data to directly 
support the efficacy and safety of Breztri Aerosphere.”  

 
In order to address the CR deficiency, the Agency advised to “conduct an additional trial or trials to 
provide data to demonstrate the efficacy of the Breztri Aerosphere combination product and the 
contribution of budesonide to the combination product.” To address the CR deficiency, the 
Applicant submitted an NDA Class 2 Resubmission for BGF on January 22, 2020; which included 
results from a new single phase 3 study, BGF Trial PT010005, referred to as Trial 05. 
 

1.2. Conclusions on the Substantial Evidence of Effectiveness 

The recommended regulatory action is Approval for BGF for the indication of maintenance 
treatment for adult patients with COPD. 
 
The support for efficacy is primarily derived from two phase 3 trials comparing BGF to BFF and 
GFF (previously reviewed Trial 06 and newly submitted Trial 05). To address the CR deficiencies 
and provide substantial evidence of efficacy and the contribution of the ICS and LAMA 
monocomponents, the Applicant submitted the results from a second phase 3, 52 week, 
randomized, placebo-controlled trial (Trial 05) with the primary objective of assessing the effect 
of BGF compared to GFF and BFF on exacerbation. This trial also included a PFT sub-study to 
support effects on lung function. Trial 05 demonstrated evidence of efficacy as determined by 
achieving a statistically significant reduction in rate of moderate or severe COPD exacerbations 
for BGF treated patients versus GFF and BFF treated patients. This also demonstrated the 
contribution of the ICS (BD) and LAMA (GP) monocomponents to the triple combination in 
terms of exacerbation. The secondary exacerbation related endpoints were also consistent with 
the primary endpoint.  BGF demonstrated statistically significant improvement over GFF and 
BFF for time to first moderate or severe COPD exacerbation. Results were similar for severe 
exacerbations, though not statistically significant for the BGF to BFF comparison. SGRQ results 
were also generally consistent with the exacerbation data. The PFT sub-study demonstrated 
statistically significant improvements in lung function for BGF versus GFF and BFF, 
demonstrating both efficacy and the contribution of the LAMA and ICS monocomponents to the 
triple combination in terms of bronchodilation. Results from Trial 05, with additional support 
for the previously reviewed Trial 06, taken together represent substantial evidence of efficacy 
and the contribution of the relevant monocomponents to the triple combination. The 
deficiencies outlined in the CR letter have been sufficiently addressed to warrant Approval of 
BGF for the maintenance treatment of COPD. 
 
Regarding safety, assessment of BGF safety focused on Trial 05, with supporting evidence from Trial 
06 and its safety extension Trial 08. No large imbalances in terms of deaths, serious adverse events 
(SAE), adverse events (AE) leading to discontinuation, or common AEs were observed when 
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comparing BGF to the active comparators. Observed events were generally consistent with drugs of 
the same classes. No safety concerns precluding Approval were identified.  
 
In summary, results from BGF Trial 05 adequately addressed the deficiencies that resulted in the 
initial CR action and the overall BGF development program has provided substantial evidence of 
efficacy and safety.  The overall risk-benefit assessment support approval of BGF. The 
recommendation is Approval.  
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1.3. Benefit-Risk Assessment 

Benefit-Risk Summary and Assessment 
 
Chronic obstructive pulmonary disease (COPD) is a debilitating respiratory condition that has significant morbidity and mortality; it is the third 
leading cause of death in the US. Substantial healthcare resources are utilized in managing long-term COPD and in treating acute exacerbations. 
It is often associated with active or prior cigarette smoking (typically >10 pack-years), but other environmental and genetic factors have been 
found to contribute to its etiology. Multiple long-acting muscarinic antagonist (LAMA)/long- -adrenergic receptor agonist (LABA) fixed-
dose combination (FDC) and inhaled corticosteroid (ICS)/LABA FDC exist. There is one approved ICS/LAMA/LABA FDC. This product potentially 
provides another alternative ICS/LAMA/LABA treatment for patients with COPD. 
 
Breztri Aerosphere is a FDC of the inhaled corticosteroid (ICS) budesonide (BD), the LAMA glycopyrrolate (GP), and the LABA formoterol fumarate 
(FF) (combination referred to as BGF) delivered by a pressurized metered dose inhaler (MDI).  To support the safety and efficacy for the indication 
of maintenance treatment of COPD, in the initial new drug application (NDA) submission, the Applicant included data from a single phase 3, 24-
week, randomized, placebo-controlled trial with the primary objective of assessing the effect of BGF compared to the double combination of GP/FF 
(referred to as GFF and approved for the treatment of COPD) and BD/FF (referred to as BFF) on lung function (Trial 06).  Results from this trial were 
insufficient to support the contribution of the ICS monocomponent to BGF, though contribution of the LAMA monocomponent was supported. As a 
result, a Complete Response (CR) action was taken, and the product was not approved. To address the CR deficiencies and provide substantial 
evidence of efficacy and the contribution of the ICS and LAMA monocomponents, the Applicant submitted the results from a second phase 3, 52 
week, randomized, placebo-controlled trial (Trial 05) with the primary objective of assessing the effect of BGF compared to GFF and BFF on 
exacerbation. This trial also included a PFT sub-study to support effects on lung function. Trial 05 demonstrated evidence of efficacy as 
determined by achieving a statistically significant reduction in rate of moderate or severe COPD exacerbations for BGF treated patients versus 
GFF and BFF treated patients. This also demonstrated the contribution of the ICS (BD) and LAMA (GP) monocomponents to the triple 
combination in terms of exacerbation. The secondary exacerbation related endpoints were also consistent with the primary endpoint.  BGF 
demonstrated statistically significant improvement over GFF and BFF for  time to first moderate or severe COPD exacerbation. Results were 
similar for severe exacerbations, though not statistically significant for the BGF to BFF comparison. SGRQ results were also generally consistent 
with the exacerbation data. The PFT sub-study demonstrated statistically significant improvements in lung function for BGF versus GFF and BFF, 
demonstrating both efficacy and the contribution of the LAMA and ICS monocomponents in terms of bronchodilation. Results from Trial 05, 
with additional support for the previously reviewed Trial 06, taken together represent substantial evidence of efficacy and the contribution of 
the relevant monocomponents to the triple combination. The deficiencies outlined in the CR letter have been sufficiently addressed to warrant 
Approval of BGF for the maintenance treatment of COPD. Safety findings from BGF Trials 05 and 06 were consistent with products in this class.  
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1.4. Patient Experience Data 

Patient Experience Data Relevant to this Application (check all that apply) 
 The patient experience data that were submitted as part of the 

application include: 
Section of review where 
discussed, if applicable 

  Clinical outcome assessment (COA) data, such as  

  Patient reported outcome (PRO) Section 8.1 (SGRQ) 
   Observer reported outcome (ObsRO)  
   Clinician reported outcome (ClinRO)  
   Performance outcome (PerfO)  
  Qualitative studies (e.g., individual patient/caregiver 

interviews, focus group interviews, expert interviews, Delphi 
Panel, etc.) 

 

  Patient-focused drug development or other stakeholder 
meeting summary reports 

 

  Observational survey studies designed to capture patient 
experience data 

 

  Natural history studies   
  Patient preference studies (e.g., submitted studies or 

scientific publications) 

 

 
 Other: (Please specify):  

 

 Patient experience data that were not submitted in the application, but were considered 
in this review: 

  Input informed from participation in meetings with patient 
stakeholders  

 

  Patient-focused drug development or other stakeholder 
meeting summary reports 

 

  Observational survey studies designed to capture patient 
experience data 

 
 

 Other: (Please specify):  
 

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

2.1. Analysis of Condition 

Chronic obstructive pulmonary disease (COPD) is a common respiratory condition that results in 
significant morbidity and mortality; it is the third leading cause of death in the United States. 
Given its high prevalence and disease burden, maintenance therapy requirement and 
management of acute exacerbations result in a significant societal and economic burden. 
Cigarette smoking is most often associated with the disease, but it is increasingly understood 
that alternative noxious exposures, as well as a variety of host-specific factors, contribute to 
COPD pathogenesis.  
 
COPD is characterized by persistent respiratory symptoms and airflow limitations. Chronic 
inflammation resulting from inhaled irritants causes structural changes, small airways 
narrowing, mucociliary dysfunction, and destruction of lung parenchyma. Common symptoms 
include dyspnea, fatigue and cough, which often impact a patient’s quality of life and ability to 
perform activities of daily living. Physical exam findings include wheezing, prolonged expiration, 
diminished breath sounds, and increased chest diameter. Spirometry is used to diagnose COPD. 
A FEV/FEV1 ratio below 0.7 establishes the diagnosis, and percent of predicted FEV1 
determines the severity of airflow obstruction. COPD exacerbation history and dyspnea scoring 
provide an additional layer of formal disease assessment. 1 Other diagnostic considerations are 
increases in lung volume measurements, decreased diffusing capacity, decreased pulse 
oximetry, and evidence of chronic hypercapnia. Radiographic studies may reveal changes such 
as vascular tapering, radiolucency, flattened diaphragms, bullous disease, emphysema, 
thickened airways, and prominent hilar vascularity.  
 
In conclusion, COPD is a serious disease with societal and individual impacts. It is a leading 
cause of death globally, and it’s increasing prevalence and associated morbidity result in 
utilization of healthcare resources and loss of productivity. It also has significant impact on 
afflicted individuals, leading to reduced quality of life and difficulty performing regular 
activities. Treatment options are discussed in Section 2.2. 

2.2. Analysis of Current Treatment Options 

There are multiple current treatment options for COPD, the majority of which are shown in the 
table below. 
 
 

                                                             
 
1 Global Strategy for the Diagnosis, Management and Prevention of COPD, Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) 2020 at http://goldcopd.org   
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3 Regulatory Background 

3.1. U.S. Regulatory Actions and Marketing History 

BGF is not marketed or approved in the United States. GFF, which contains the same 
LAMA/LABA at the same dose and delivery platform as BGF, was approved on April 25, 2016 
under NDA 208294 with the tradename Bevespi Aerosphere. GFF is approved for the - , 
maintenance treatment of airflow obstruction in patients with COPD, and it does not carry an 
exacerbation indication. Under this delivery platform, BFF, which contains the same ICS/LABA 
at the same dose as BGF, is not approved, nor are the mono-components BD and FF. However, 
these drug combinations have been approved for COPD in other delivery devices. This includes 
Symbicort (budesonide/formoterol fumarate), Foradil Aerolizer (formoterol fumarate, no 
longer marketed), Perforomist (formoterol), Seebri Neohaler (glycopyrrolate), and Lonhala 
Neohaler (glycopyrrolate). Additionally, Pulmicort (budesonide) is approved for asthma but not 
for COPD. 

3.2. Summary of Presubmission/Submission Regulatory Activity 

BGF was studied under investigational new drug (IND) 118313, opened on October 11, 2013. 
Relevant regulatory interactions are summarized below: 
 
Pre-IND Meeting on July 17, 2013 

Written Responses on April 11, 2014 
Advised that a single trial may be adequate for approval of the triple combination if both 
dual combination products demonstrate an added benefit in lung function over their 
respective mono-products and the trial demonstrates robust, clinically meaningful efficacy 
for reduction in exacerbation or other relevant endpoints such as mortality 
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Written Responses on May 18, 2015 
Advised that moderate and severe exacerbations are the events of clinical significance to 
regulatory decision-making 
All exacerbations should also be reported as AEs 
 

Teleconference on September 9, 2016 
The FDA advised that developing fixed-dose triple-combination products based solely on a 
lung function claim will ultimately be a review issue 

 
EOP2 meeting on November 7, 2016 

The FDA agreed with the dose of BD and FF selected for the Phase 3 program 
The Applicant agreed to proceed to Phase 3 with the GP dose that was approved for COPD 
at the time. 

 
Pre-NDA Meeting on March 31, 2017  

The FDA agreed with the Applicant’s proposal to include full study reports and data for both 
BFF and BGF   
The FDA advised that if the BFF development program demonstrates an exacerbation 
benefit, then a lung function benefit for the BGF product may be a viable path to 
registration but would be a review issue  
The FDA did not agree with the ‘efficacy’ estimand as the primary estimand and 
recommend that the primary analyses should target the ‘treatment policy’ estimand  

 
Initial NDA Review and Complete Response Action 

NDA submitted on November 30, 2018  
A Complete Response for BGF was issued on September 30, 2019 after the single phase 3 
pivotal trial BGF Trial 06 failed on the co-primary endpoint of change from the baseline in 
trough FEV1 for the comparison of BGF to GFF. The submitted data failed to establish 
contribution of budesonide to the BGF combination product, and as only a single phase 3 trial 
was submitted, there was no additional data to directly support the efficacy and safety of BGF. 
The FDA recommended that in order to address the deficiency, an additional trial or trials to 
provide data to demonstrate the efficacy of the BGF combination product and the contribution 
of budesonide to the combination product was needed 

 
Type A meeting on December 4, 2019 

Statistical comments were provided by the FDA for the Applicant to include additional 
analyses including additional estimands and type 1 error control data for the resubmission 
The FDA noted literature and clinical guidelines regarding ICS withdrawal, and the need for 
more analyses to evaluate this issue. The FDA provided additional analyses for the sponsor 
to include in the NDA Resubmission to explore the effect of ICS removal  
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The Applicant submitted an NDA Class 2 Resubmission (Complete Response to CR action) for 
BGF on January 23, 2020. 
 
BFF was studied under IND , opened on July 18, 2014. Relevant regulatory interactions 
are summarized below:  
 
EOP2 Meeting on October 15, 2015  

 
The FDA recommended removal of the placebo group in study PT009002  

Teleconference on September 9, 2016  
The FDA agreed with an alternative development plan in which the BFF program would only 
pursue a lung function indication in order to qualify as the appropriate ICS/LABA 
comparator in the BGF program  
The FDA stated that development of a fixed-dose triple-combination products solely on a 
lung function claim was a review issue  
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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 investigations were performed during this review, as they were performed in the previous 
cycle review. No evidence of analysis-altering misconduct was identified in the three sites 
evaluated in the previous review.  

4.2. Product Quality 

No product quality issues were present in the previous cycle.  

4.3. Clinical Microbiology 

None. 

4.4. Devices and Companion Diagnostic Issues 

None. 
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5 Nonclinical Pharmacology/Toxicology 

5.1. Executive Summary 

Supporting nonclinical pharmacology and toxicology studies were reviewed under the original 
NDA submission. No new nonclinical were provided in the resubmission. See the following 
documents: 

- Review and evaluation of supporting nonclinical pharmacology and toxicology studies 
authored by Dr. Ijeoma Uzoma can be found in the UniReview dated September 30, 
2019 

- Review and evaluation of the 2-year carcinogenicity studies in mice and rats can be in 
found in the review authored by Dr. Ijeoma Uzoma dated August 19, 2019 

- Statistical evaluation of 2-year carcinogenicity studies in mice and rats can be found in 
review authored by Dr. Malick Mbodj dated April 23, 2019 

- Minutes of the Executive Carcinogenicity Assessment Committee dated April 16, 2019 
(DARRTS date April 18, 2019) 

- Labeling review authored by Dr. Ijeoma Uzoma dated November 6, 2019 
- Review of Extractables and Leachables Data from the Container Closure System 

authored by Dr. Ijeoma Uzoma dated November 12, 2019  
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resubmission (SDN 0027) and considers this approach is acceptable.  The changes in PK results 
from Study PT010006 do not warrant changes to the prescribing information. 

6.2. Assessment of Study D5980C00007 

Study D5980C00007 is a Phase 1, randomized, two-period, single-dose study to assess the 
pulmonary deposition of technetium-99m pertechnetate (99mTc) as delivered by commercially 
available BGF MDI device in healthy subjects.  In total 10 subjects were randomized and all of 
them completed the study.  During each treatment period, subjects inhaled two actuations of 
BGF (160/7.2/4.8 μg per actuation) mixed with 99mTc (  5 MBq per actuation).  The subjects 
were instructed to hold their breath for 3 seconds or 10 seconds after each inhalation in 
different periods.  There was a minimum washout period of 7 ± 2 days between the two 
periods. 
 
The primary endpoint of the study is the proportion of emitted dose of 99mTc deposited in the 
lungs following a 10 second breath-hold.  Gamma scintigraphy images were used to capture the 
deposition of 99m 99mTc dose was 
deposited in the lungs and oropharyngeal + stomac -
valve dose was deposited on the actuator.  
 
These results are limited by deposition of 99mTc, but not the active ingredients (i.e., budesonide, 
glycopyrronium bromide, and formoterol fumarate).  Therefore, the clinical utility of pulmonary 
deposition of 99mTc is unclear.  The charcoal PK Study PT010011 included in the original 
submission of NDA 212122 indicates that pre-ingestion of charcoal had an impact on the 
systemic PK of budesonide, glycopyrrolate, and formoterol, which may be partly explained by 
their differential oral/pulmonary deposition patterns.   
 
Therefore, no further detailed clinical pharmacology review is conducted for this radio-labeled 
study. 
 

6.3. Assessment of Re-analyzed PK results from Study PT010006 

Study Overview 
Study PT010006 was a multi-center, randomized, double-blind, parallel-group, 24-week, active-
controlled study to assess the efficacy and safety of BGF MDI, GFF MDI, BFF MDI, compared 
with Symbicort TBH as an active control in subjects with moderate-to-very severe COPD.  
Approximately 600 subjects each were randomized to the BGF MDI and GFF MDI treatment 
groups, and 300 subjects each were randomized to the BFF MDI and Symbicort TBH treatment 
groups. 
 
Steady-state PK of BD, formoterol, and glycopyrronium was assessed in a subset of COPD 
patients who participated in the pulmonary function test sub-study.  Approximately 240 
randomized subjects (80 subjects from each of the BGF MDI and GFF MDI treatment groups, 
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Table 4. Evaluation of Actual Time point Collected at Planned 12-Hour from Study PT010006 

 # of subjects with PK 
samples collected 

# of subjects with a 
12-hour sample  

Time range of available 
12-hour sample (hour) 

Budesonide 141 138 11.5 – 12.3 
Formoterol 175 171 11.5 – 12.3 
Glycopyrronium 136 132 11.5 – 12.3 
Source: reviewer’s analysis

 
With this approach, more AUC0-12 values can be calculated for subjects without elimination 
clearance available in the original submission.  However, it appeared that some subjects were 
kept excluded from the analysis: 

Subject with most PK samples missing 
Subject’s last PK sample collected at or earlier than 10-hour post-dose 
Subject with most PK samples BLQ. 
Subjects with unexplained PK profile (the drug concentration fluctuated throughout 12 
hours)  

  
The following IR was conveyed to the Applicant on February 28, 2020, requesting an additional 
PK parameter, AUClast to be estimated for sensitivity analysis: 
 

FDA acknowledges the re-analysis of AUC0-12 of budesonide, formoterol, and glycopyrronium 
from study pt01006 by using actual sampling time and the exclusion criterion of subjects 
without any post-dose samples above LLOQ used for PK re-analysis. Provide results of AUC0-
12 using non-compartment model in the format of Table 1, 3, 5, 7, 9, and 11 of pt1006-csr-
addendum.pdf, but includes subjects whose plasma concentrations fell BLQ prior to the 12-
hour post-dose timepoint (AUC0-12 same value as AUClast) and subjects whose lambda z 
could not be calculated. Clarify if reanalyzed AUC0-12 was calculated by using 
nominal/planned time point. 

 
The Applicant responded to the IR on March 9, 2020 with following clarifications: 

In order to address the FDA request, a non-compartmental analysis of AUClast has been 
performed using actual time points. 

In this analysis, for subjects who had quantifiable concentrations through 12 hours, the 
AUClast value is the same as the AUC0-12 value provided in the re-analysis since a full 
12 hours of data was available. 
For subjects whose concentrations fell BLQ prior to the 12-hour time point, AUClast is 
presented without extrapolation to 12 hours for all subjects, including those for whom 
extrapolation was previously done in the re-analysis of AUC0-12, as well as subjects for 
whom extrapolation was not possible (i.e., those who could not have lambda z 
calculated). 
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The re-analyzed PK parameters of BD (Table 5), formoterol (Table 6), and glycopyrronium (Table 
7) provided by the Applicant are listed below and compared side-by-side with the results from 
the original submission.  The reviewer conducted independent analysis and confirmed the 
results.  Therefore, the Applicant’s re-analysis of PK data from Study PT010006 included in this 
resubmission is acceptable.   
 
 
Table 5. Descriptive Statistics for PK Parameters of Budesonide by Treatment at Week 24 
from Study PT010006 

 BGF MDI 320/14.4/9.6 
μg MDI (N=75) 

BFF MDI 320/9.6 μg 
MDI (N=39) (N=27) 

 Re-analysis Original Re-analysis Original Re-analysis Original 
Cmax (pg/mL)1  N=75)   
Tmax (hour)2 0.37 (0.0, 

12.1, N=75) 
0.37 (0.0, 

12.1, N=73) 0.97 (0.03, 4.18, N=39) 0.33 (0.03, 1.02, N=27) 

AUC0-12 

(h pg/mL)1 N=73) N=65) N=39) N=35) N=26) N=24) 
AUClast 

(h pg/mL)1 N=75) N/A N=39) N/A N=27) N/A 
1 geometric mean (CV%, N)
2 median (min, max, N)
Source: clinical-information-amendment.pdf dated 3/9/2020, page 3, Table 1; pt010006-clinical-study-report.pdf dated 
11/30/2018, page 219, Table 64

 
Table 6. Descriptive Statistics for PK Parameters of Formoterol by Treatment at Week 24 from 
Study PT010006 

 BGF MDI 320/14.4/9.6 
μg MDI (N=75) 

GFF MDI 14.4/9.6 μg MDI 
(N=61) 

BFF MDI 320/9.6 μg 
MDI (N=39) 

 Re-analysis Original Re-analysis Original Re-analysis Original 
Cmax (pg/mL)1 8.4 (7  N=74)   
Tmax (hour)2 0.96 (0.03, 12.1, N=74) 0.63 (0, 

12.07, N=61)3 
0.92 (0.03, 

12.07, N=59) 
1.00 (0, 

9.97, N=39) 
1.00 (0.07, 
9.97, N=38) 

AUC0-12 

(h pg/mL)1 N=67) N=53) 
61.9 

N=56) N=49) N=35) N=27) 
AUClast 

(h pg/mL)1 N=74) N/A N=61) N/A N=39) N/A 
1 geometric mean (CV%, N)
2 median (min, max, N)
3 confirmed by the reviewer
Source: clinical-information-amendment.pdf dated 3/9/2020, page 5, Table 3; pt010006-clinical-study-report.pdf dated 
11/30/2018, page 223, Table 66
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Table 7. Descriptive Statistics for PK Parameters of Glycopyrronium by Treatment at Week 24 
from Study PT010006 

 BGF MDI 320/14.4/9.6 μg MDI 
(N=75) 

GFF MDI 14.4/9.6 μg MDI  
(N=61) 

 Re-analysis Original Re-analysis Original 
Cmax (pg/mL)1 17.5 (94  N=75) 17.8   
Tmax (hour)2 0.08 (0, 12.1, 

N=75) 
0.08 (0.02, 12.1, 

N=74) 
0.08 (0, 12.0, 

N=61) 
0.08 (0.03, 12.0, 

N=60) 
AUC0-12 (h pg/mL)1     
AUClast (h pg/mL)1 64.2  N/A  N/A 

1 geometric mean (CV%, N)
2 median (min, max, N)
3 confirmed by the reviewer
Source: clinical-information-amendment.pdf dated 3/9/2020, page 7, Table 5; pt010006-clinical-study-report.pdf
dated 11/30/2018, page 226, Table 68

 
In general, the PK results for BD, formoterol, and glycopyrronium following re-analysis were 
similar to the PK results in the original submission.  Therefore, all the conclusions derived from 
Study PT010006 PK results in the Clinical Pharmacology review section of Multi-Disciplinary 
Review dated September 30, 2019 during the original review cycle remain unchanged: 
 

1. The systemic exposure of BD is comparable with or without coadministration of 
glycopyrronium and/or formoterol in healthy subjects (Study PT010002) and patients 
with COPD [Study PT0090001 and PT010006] (page 67). 

2.
, Bevespi Aerosphere).  Glycopyrronium 

Bevespi Aerosphere both in healthy subjects following single dose inhalation and in 
patients with COPD following BID chronic treatment (Table 31).  Therefore, BD is 
unlikely to affect glycopyrronium systemic exposure when the two drugs are co-
administered. (page 72). 

3.
erosphere). The formoterol 

Bevespi Aerosphere both in healthy subjects following single dose inhalation and in 
patients with COPD following BID chronic treatment (Table 32).  Therefore, BD is 
unlikely to affect formoterol systemic exposure when the two drugs are co-administered  
(page 72). 

4.
ic treatment (Table 
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34). Therefore, glycopyrronium is unlikely to affect BD systemic exposure when two 
components are co-administered (page 73-74). 

5. Median Tmax of BD ranged from 20 minutes to 40 minutes from Studies PT010018 and 
PT010006 following single o
patients with COPD (page 83). 

6. Median Tmax of glycopyrronium was 6 minutes following multiple dose inhalation of BGF 
 from both Studies PT010018 and PT010006 

(page 85). 
7. Median Tmax of formoterol ranged from 20 to 60 minutes following inhalation of BGF 

 both Studies PT010018 and PT010006 
(page 87). 
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7 Sources of Clinical Data and Review Strategy 

 

7.1. Table of Clinical Studies 

Phase 3 clinical trials reviewed to evaluate the safety and efficacy of BGF are shown in Table 8. 
Note that only Trial 05 was new for this submission, and the other listed trials (grayed out) were 
previously reviewed during the initial NDA review cycle. Also note that this table does not 
contain all clinical studies submitted with the initial NDA and complete response to CR 
submission.
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Abbreviations: AUC0-4 = area under the curve from 0 to 4 hours; AC = active comparator; AR = Argentina; AT = Austria; BD = budesonide; BE = Belgium; BFF = budesonide/formoterol fumarate; BGF = 
budesonide/glycopyrrolate/formoterol fumarate; BID = twice daily; BR = Brazil; CA = Canada; CL = Chile; CN = China; COPD = chronic obstructive pulmonary disease; CZ = Czech Republic; DB = double-
blinded; DE = Germany; DK = Denmark; ES = Spain; FEV1 = forced expiratory volume in 1 second; FF = formoterol fumarate; GFF = glycopyrrolate/formoterol fumarate; HU = Hungary; IT = Italy; JP = 
Japan; MX = Mexico; NO = Norway; OL = open-label; PC = placebo-controlled; PE = Peru; PG = parallel group; PL = Poland; R = randomized; RU = Russia; SE = Sweden; TBH = Symbicort Turbuhaler; UK = 
United Kingdom; US = United States; ZA = South Africa;  
aReviewed in current Unireview;  
bReviewed in previous cycle Unireview 
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7.2. Review Strategy 

Support for the efficacy and safety of BGF is primarily based on two phase 3 trials, Trials 05 and 
06, with supporting evidence derived from BGF safety extension Trial 08, and the BFF 
development program (Trial 02 and Trial 03). This Unireview will focus on Trial 05, as BGF Trials 
06 and Trial 08 and BFF Trial 02 and Trial 03 were previously reviewed in the initial NDA cycle (see 
Unireview dated September 30, 2019 for complete review). However, results from the previously 
reviewed trials will be summarized in this review where appropriate. Note that BFF is not an 
approved product and a full development program for BFF was necessary to demonstrate that 
BFF was an appropriate comparator in the BGF program to demonstrate added benefit of the 
triple combination (BGF). GFF (Bevespi Aerosphere) is an approved product and evidence for its 
efficacy and safety is derived from its approval (NDA 208294).  
 
Efficacy analysis was performed by FDA Biostatisticians to confirm the data shown in support of 
the Applicant’s primary and secondary endpoints, as well as for additional analyses necessary to 
support this submission. The review of the Trial 05 protocol and efficacy is in Section 8.1. 
Support for the safety of BGF is primarily based on the results of Trial 05 and previously 
reviewed Trials 06/08. Safety analyses were performed by the Clinical Reviewer and are in 
Section 8.2. 
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8 Statistical and Clinical and Evaluation 

8.1. Review of Relevant Individual Trials Used to Support Efficacy 

8.1.1. BGF Protocol Review: Trial 05 

8.1.1.1. Trial 05 (PT010005) – BGF 52 week Exacerbation Trial 

Title: “A Randomized, Double-Blind, Multi-Center, Parallel-Group Study to Assess, the Efficacy 
and Safety of PT010 Relative to PT003 and PT009 on COPD Exacerbations over a 52-Week 
Treatment Period in Subjects with Moderate to Very Severe COPD” 
 

Study dates: July 15, 2015 – July 26, 2019  
Study report date: July 26, 2019 
Study sites: 812 study centers in 26 countries  

Trial Design 

This was a multicenter, randomized, double-blind, parallel-group, 52 week treatment period 
trial to assess the efficacy and safety of budesonide/glycopyrrolate/formoterol (BGF) metered 
dose inhaler (MDI), relative to glycopyrrolate/formoterol (GFF) MDI, and budesonide/formoterol 
(BFF) MDI, in patients with moderate to very severe COPD with an increased risk of 
experiencing a COPD exacerbation and that remain symptomatic (COPD Assessment Test (CAT) 

 Subjects must have had a documented 
history of COPD exacerbation(s). Patients with post-bronchodilator 

and subjects with post-bronchodilator 
exacerbations or COPD exacerbation (hospitalized) in the 12 months prior to 
Screening.  At Visit 1, patients signed an informed consent form (ICF) prior to the conduct of 
any screening assessments and must have met spirometry criteria as re-screening was not 
allowed after Visit 1. Patients who met all entry criteria discontinued any prohibited COPD 
medications for the duration of the trial, with a minimum washout period observed between 
Visits 1 and 2. The screening period lasted a total of 4 weeks. Randomization occurred at Visit 4 
and was followed by a 52-week double-blind treatment period ending at Visit 14. Patients were 

There was a vital status check at 
week 52. The trial schematic is shown in Figure 1 and the schedule of assessments is shown in  
Table 9 and  
Table 10.  

 
This trial included the following 2 sub-studies: a pulmonary function test (PFT) sub-study and a 
24-hour Holter Monitoring sub-study. Subject participation in the sub-studies was determined 
at Screening, prior to any trial procedures. Individual subjects were allowed to participate in 
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both sub-studies.  
 
Figure 1. BGF Trial 05 Schematic  

 
Abbreviations: BFF=Budesonide and Formoterol Fumarate; BGF=Budesonide, Glycopyrronium, and Formoterol Fumarate; GFF=Glycopyrronium 
and Formoterol Fumarate; BD=Bronchodilator, MDI=metered dose inhaler
Source: PT010005 Protocol Version 6.0, Figure 1, page 41 
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Table 9. BGF Trial 05 Schedule of Assessments  

 
Abbreviations: BDI/TDI=Baseline Dyspnea Index/Transition Dyspnea Index; CAT=COPD Assessment Test; COPD=chronic obstructive pulmonary 
disease; eDiary=electronic diary; ECG=electrocardiogram; EQ-5D=EuroQol 5 Dimensions Questionnaire; Exac.=exacerbations; EXACT 
=Exacerbations of Chronic Pulmonary Disease Tool; hCG=human chorionic gonadotropin; HCRU=health care resource utilization; MDI=metered 
dose inhaler; PFT=pulmonary function test; Rand=randomization; SGRQ=St. George’s Respiratory Questionnaire; TC=Telephone Call
Source: PT010005 Protocol Version 6.0, Figure 1, page 91-92 
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Table 10. Timed Assessments in PFT Sub-Study  

 
Abbreviations: BDI/TDI=Baseline Dyspnea Index/Transition Dyspnea Index; COPD=chronic obstructive pulmonary disease; 
ECG=electrocardiogram; EQ-5D-5L=EuroQol 5 Dimensions Questionnaire; EXACT =Exacerbations of Chronic Pulmonary Disease Tool; FEF25-

vital capacity; hCG=human 
chorionic gonadotropin; PEFR=peak expiratory flow rate; PFT=pulmonary function test; SGRQ=St. George’s Respiratory Questionnaire 
Source: PT010005 Protocol Version 6.0, Figure 1, page 94 
 

Overall, the design of the trial is reasonable to assess exacerbation and consistent with other 
programs for COPD inhaled products. 

Objectives  
Primary objective: To assess the effects of BGF MDI relative to GFF MDI and BFF MDI on rate 
of COPD exacerbations. 
Secondary objectives:  

o To assess the effects of BGF MDI relative to GFF MDI and BFF MDI on symptoms of 
COPD.  

o To assess the effects of BGF MDI relative to GFF MDI and BFF MDI on quality of life.  
o To assess the effects of BGF MDI relative to GFF MDI and BFF MDI on all-cause 

mortality.  
o To assess the effects of BGF MDI relative to GFF MDI and BFF MDI on COPD 

exacerbations.  
o To assess the safety of BGF MDI relative to GFF MDI and BFF MDI. 
  

4-hour PFT sub-study: To assess the effect of BGF MDI relative GFF MDI and BFF MDI on 
lung function. 
24-Hour Holter Monitoring sub-study: To evaluate the cardiovascular safety of BGF MDI 
relative to GFF MDI and BFF MDI as evaluated by 24-hour Holter monitoring. 
Health Care Resource Utilization (HCRU) Objective: To assess overall and COPD-specific 
Healthcare Resource Utilization of BGF MDI, MDI GFF MDI, and BFF MDI. 

 
Trial Population  
The trial consisted of 8588 randomized COPD patients. 
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Key Inclusion Criteria  
1. Signed informed consent to participate.  
2. Were at least 40 years of age and no older than 80 at Visit 1.  
3. A female was eligible to enter and participate in the study if she was of:  

a. Non-childbearing potential.  
b. Childbearing potential had a negative serum pregnancy test at Visit 1 and agreed 

to an acceptable form of contraception.  
4. COPD diagnosis as defined by the American Thoracic Society (ATS)/European 

Respiratory Society (ERS) or by locally applicable guidelines.  
5. Current or former smokers with a history of at least 10 pack-years of cigarette smoking.  
6. Patients with an established clinical history of COPD and severity defined as:  

a. At Visit 1, FEV1/FVC ratio was <0.70 and FEV1 was <65  
b. At Visit 2, post-bronchodilator FEV1/FVC ratio was <0.70 and post-

65  
c. At Visit 4, the average of the 60 minutes and 30 minutes predose FEV1 

assessments was <65  
d. 10) at Screening (Visit 2).  

7. Use of 2 or more inhaled maintenance therapies for the management of their COPD for 
at least 6 weeks prior to Screening.  

8. Subject was willing and, in the opinion of the Investigator, able to adjust current COPD 
therapy, as required by the protocol.  

9. Screening clinical laboratory tests were acceptable to the Investigator.  
10. Screening ECG was acceptable to the Investigator.  
11. Chest X-ray or CT scan of the chest/lungs within 6 months prior to Visit 1 was acceptable 

to the Investigator.  
12. Patients must have been willing to remain at the study center as required per protocol 

to complete all visit assessments.  
 

Key Exclusion Criteria  
1. Significant diseases or conditions other than COPD that in the opinion of the 

Investigator, may have put the patient at risk because of participation in the study or 
may have influenced either the results of the study or the subject’s ability to participate 
in the study.  

2. Women who were pregnant or lactating, or were planning to become pregnant during 
the course of the study, or women of childbearing potential who were not using an 
acceptable method of contraception.  

3. Respiratory diseases including asthma, alpha-1 antitrypsin deficiency, active 
tuberculosis, lung cancer, bronchiectasis, sarcoidosis, idiopathic pulmonary fibrosis, 
primary pulmonary hypertension, and uncontrolled sleep apnea.  

4. Patients who had undergone lung volume reduction surgery, lobectomy, or 
bronchoscopic lung volume reduction within 6 months  

5. Hospitalization for COPD within 6 months prior to Visit 1 with less than a 4-week 
washout of corticosteroids and/or antibiotics prior to Visit 1.  
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6. Acute worsening of COPD that required treatment with oral steroids or antibiotics 
within 6 weeks prior to Visit 1 with less than a 4-week washout of corticosteroids and/or 
antibiotics prior to Visit 1.  

7. Lower respiratory tract infection that required antibiotics within 6 weeks prior to Visit 1 
with less than a 4-week washout of corticosteroids and/or antibiotics prior to Visit 1.  

8. Upper respiratory tract infection not resolved at least 7 days prior to screening.  
9. Chest X-ray abnormalities requiring additional investigation/treatment or may put 

subject at risk because of study participation.  
10. Substantial risk of pneumonia in the opinion of the Investigator.  
11. Pneumonia not clinically resolved within 14 days of Visit 1. 
12. Patients who could not perform acceptable and repeatable spirometry by ATS/ERS 

acceptability criteria.  
13. Long term oxygen therapy except for as needed oxygen.  
14. Use of non-invasive positive pressure ventilation device.  
15. Change in smoking status within 6 weeks of Visit 1.  
16. Pulmonary rehabilitation within 4 weeks prior to Visit 1.  
17. Initiated or altered use of intranasal corticosteroids and/or antihistamines within 7 days 

prior to Visit 1.  
18. Cardiac diseases including unstable ischemic heart disease, left ventricular failure, 

documented myocardial infarction within 6 months, percutaneous coronary 
intervention within 3 months, and coronary artery bypass graft within 3 months.  

19. Congestive heart failure with New York Heart Association Class III/IV symptoms.  
20. Clinically significant abnormal ECG including conduction abnormalities, arrhythmias, 

prolonged QT interval, ventricular bradycardia, significant ST-T wave abnormalities, or 
any other ECG abnormalities that are clinically significant in the opinion of the 
Investigator.  

21. Uncontrolled hypertension.  
22. Neurologic conditions including seizures requiring anticonvulsants within 12 months, 

changes in dose of selective serotonin reuptake inhibitors or serotonin-norepinephrine 
reuptake inhibitors within 4 weeks, or cerebrovascular accident within 6 months.  

23. Renal/urinary disorders including symptomatic prostatic hypertrophy or prostate 
resection within 6 months, bladder neck obstruction, urinary retention, and calculated 

 
24. Endocrine disorders including uncontrolled thyroid disease, hypokalemia, 

hyperadrenergic state, or diabetes.  
25. Abnormal liver function tests.  
26. Cancer that has not been in complete remission at least 5 years.  
27. Inadequately treated glaucoma.  
28. Drug allergy to BGF components or drugs of the same class.  
29. Substance abuse.  
30. Subjects who were unable to withhold their short-acting bronchodilators for the 6-hour 

period required prior to spirometry testing at each visit were unable to participate in the 
PFT sub-study.  
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31. Subjects who received live attenuated vaccinations within 7 days prior to Visit 1. 
32. Non-compliance. 
33. Treatment with investigational drug or device within the last 30 days or within 5 half-

lives prior to Visit 1.  
34. Subjects who required use of spacer device or use of nebulizer to deliver maintenance 

COPD medication.  
35. Previous enrollment in PT009 or PT010 studies.  

 
Key Withdrawal Criteria  

1. Patient personal request.  
2. Calculated QTcF >500 msec and increased by 60 msec or more over baseline value  
3.  
4. Use of prohibited medications.  
5. The Investigator will determine the suitability of the subject continuing on study drug if 

any of the following occur: Increase in heart rate >40 bpm or systolic blood pressure >40 
mmHg after dosing, o  

 
The inclusion criteria and exclusion criteria are reasonable and consistent with other programs 
for COPD inhaled products. Based on these criteria, the study population will likely be 
representative of the target population. 
 
Treatments  
The trial consisted of 4 treatment groups. All treatments were taken twice daily. The treatment 
groups are as follows:  

 
BGF (budesonide/glycopyrrolate/formoterol) 160  

 
 

BGF, GFF, and BFF were all administered via MDI. All patients were provided with albuterol 
su  
 
Restricted Medications  
Prohibited medications with minimum washout period or prohibited time period are shown in 
Table 11. Subjects who were on an ICS as a part of an approved fixed-dose combination therapy 
must have been on the ICS component for at least 4 weeks prior to visit 1 (Screening) and 
maintained on a stable dose for at least 4 weeks prior to Visit 1 (Screening). These subjects 
were switched to the corresponding dose of the ICS administered as a single agent BID, with 
LABA portion provided by Sponsor. Subjects receiving a maintenance dose of an ICS not 
administered as a fixed-dose combination together with a LABA continued their ICS provided 
they were maintained on a stable dose for at least 4 weeks prior to Visit 1 (Screening). All ICS 
was abruptly stopped, without washout, at randomization (Visit 4). The subjects who were on 
ICS prior to the study and were randomized to the GFF group which contained no ICS 
component had abrupt discontinuation of their ICS at randomization.  
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agents, protease inhibitors, and cimetidine 
Systemic anticholinergics (unless used for 
overactive bladder and treatment is stable for 1 
month) 

7 days 

Chinese complementary and alternative 
bronchodilatory medicines 

10 days (Investigator may determine 
appropriate washout on case-by-case basis. 

Source: PT01000 Protocol Version 6.1; Tables 1, 2, and 4; consolidated by Clinical Reviewer 
 
The medication restrictions are typical for a COPD trial. 

Study Endpoints 

Primary Endpoints  
Rate of moderate or severe COPD exacerbations 

Secondary Endpoints 
Time to first moderate or severe COPD exacerbation  
Rate of severe COPD exacerbations  

COPD exacerbations in the prior year 
Change from baseline in the SGRQ total score over 24 weeks (This endpoint was 
included to satisfy non-US regulatory bodies) 
Percentage of subjects achieving a minimally clinical important difference (MCID) 
units in St George’s Respiratory Questionnaire (SGRQ) (50-item version with 4-week 
recall period) total score at Week 24  
Change from baseline in average daily rescue Ventolin HFA use over 24 weeks  
TDI focal score of 24 weeks (This endpoint was included to satisfy non-US regulatory 
bodies) 
Change from baseline in EXAcerbation of Chronic Pulmonary Disease Toll (EXACT) total 
score over 52 weeks (This endpoint was included to satisfy non-US regulatory bodies) 
Time to death (all-cause) 

 
A COPD exacerbation was defined as a change in the subject’s usual COPD symptoms that 
lasted 2 or more days, was beyond normal day-to-day variation, was acute in onset, and may 
have warranted a change in regular medication. The change in symptoms must have included at 
least 1 major COPD symptom (dyspnea, change in sputum volume, and change in sputum color) 
and at least 1 other major or minor symptom (cough, wheeze, sore throat, cold symptoms 
(rhinorrhea or nasal congestion), and fever without other cause). An exacerbation was 
considered moderate if it resulted in use of systemic corticosteroids and/or antibiotics for at 
least 3 days. Exacerbations were considered severe if they resulted in an inpatient COPD-
related hospitalization or death. This definition is consistent with other COPD exacerbation 
programs. 
 
Safety Endpoints  
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Adverse Events (AE)  
ECGs  
Clinical laboratory testing  
Vital signs measurement  

 
The trial endpoints and definition of COPD exacerbation are reasonable and consistent with the trial 
objectives and are similar to other COPD development programs. The co-primary endpoints are 
chosen to demonstrate the contribution of GP and BD to the triple combination (BGF vs. GFF) (BGF 
vs. BFF). Overall the trial design is adequate to support the efficacy of BGF given that GFF is 
approved and provided that the BFF program demonstrates the efficacy of BFF. 
 
PFT Sub-study Endpoints   
Primary Endpoints 

Change from baseline in morning pre-dose trough FEV1 at week 24 (US) for the comparison 
of BGF MDI to GFF MDI 
FEV1 area under the curve from 0 to 4 hours (AUC0-4) at week 24 (US) for the comparison of 
BGF MDI to BFF MDI  
To satisfy non-US regulatory bodies, the PFT sub-study endpoints were also analyzed over 
24 weeks    

Additional PFT endpoints 
Change from baseline in morning pre-dose trough FEV1 over 24 weeks, over Weeks 12 to 24, 
over 52 weeks, and at each post-randomization visit  
FEV1 AUC0-4 over 24 weeks, over Weeks 12 to 24, over 52 weeks, and at each post-
randomization visit where measured 
Peak change from baseline in FEV1 over 24 weeks, over Weeks 12 to 24, over 52 weeks, and 
at each post-randomization visit where measured  
Rate of decline in pre-dose FEV1 over 52 weeks  
Rate of decline in FEV1 AUC0-4 over 52 weeks  
Time to onset of action on Day 1 
 

24-Hour Holter Monitoring Sub-study Endpoints (Assessed at Week 16) 
Primary Endpoint 

Change from baseline in mean heart rate averaged over 24 hours  
Secondary Endpoints 

Change from baseline in mean nighttime (22:00 to 06:00) and day time (6:00 to 22:00) heart 
rate  
Change from baseline in the maximum 24-hour heart rate  
Change from the baseline in the minimum 24-hour heart rate  
Change from baseline in the frequency of isolated ventricular ectopic events (including a 
single premature ventricular contraction [PVC]) 
Change from baseline in the frequency of ventricular couplets (defined as two PVCs 
preceded or followed by regular beats) 
Change from baseline in the frequency of ventricular runs (defined as three of more PVCs 
preceded or followed by regular beats) 
Change from baseline in the frequency of supraventricular ectopic beats  
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Change from baseline in the frequency of isolated supraventricular ectopic events 
Change from baseline in the frequency of supraventricular couplets 
Change from baseline in the frequency of supraventricular runs  
Incidence of withdrawal criteria being met during 24-hour Holter monitoring  
Incidence of atrial fibrillation with rapid ventricular response (>100 beats per minute 
[bpm]). 

Statistical Analysis Plan 

Analysis Population and Estimand 
 
The Applicant defined four analysis populations in this trial: intent-to-treat (ITT) population, 
modified intent-to-treat (mITT) population, per-protocol (PP) population and safety population. 
 
The ITT Population was defined as all subjects who were randomized to treatment and received 
at least one dose of the study treatment. 
 
The mITT Population was a subset of the ITT Population, defined as all subjects with post 
randomization data obtained prior to discontinuation from treatment. 
 
The PP Population was a subset of the ITT Population, defined as all subjects with post 
randomization data obtained prior to any major protocol deviations. If the first treatment 
received is the wrong treatment, then the subject was excluded entirely from the PP 
population. 
 
The safety population was defined as all subjects who are randomized to treatment and 
received at least one dose of the study treatment. Subjects who had no postdose safety 
assessments were excluded. 
 
The Applicant defined four estimands for this trial: efficacy estimand, attributable estimand, 
treatment policy estimand and per protocol estimand. The labels and definitions, in general 
different than those found in ICH E9(R1), are described below. 
 
The efficacy estimand is the effect of the randomized treatments in all subjects assuming 
continuation of randomized treatments for the duration of the trial regardless of actual 
compliance. This assumes that efficacy observed on treatment is reflective of what would have 
occurred after discontinuation of randomized treatment had they remained on treatment. 
 
The attributable estimand is the effect of treatment in subjects attributable to the randomized 
treatment. For this estimand, discontinuation of randomized medication for reasons such as 
tolerability or lack of efficacy is considered a bad outcome. 
 
The treatment policy estimand is the effect of randomized treatment over the trial period 
regardless of whether randomized treatment is continued. 
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The per protocol estimand is the effect of treatment on subjects who are compliant with the 
protocol without major protocol deviation, including the use of randomized medication. 
All the primary efficacy analyses targeted the efficacy estimand. Only data obtained prior to 
subjects discontinuing from randomized treatment were utilized in the analyses. 
 
For each dose level, there are two pairwise comparisons of treatments of interest, namely: 

BGF MDI vs. GFF MDI 
BGF MDI vs. BFF MDI 

 

noted. 
 
Statistical Analysis Model and Additional Analyses 
 
Primary Endpoint 
 
The rate of moderate or severe COPD exacerbations were analyzed using a negative binomial 
regression model. The model included baseline post-bronchodilator percent predicted FEV1 
and log baseline blood eosinophil count as continuous covariates, and baseline COPD 
exacerbation history, region (US & Canada, Asia, Western Europe, Eastern Europe, Mexico & 
Central America & South America, Australia & New Zealand & South Africa), and ICS use at 
screening as categorical covariates. The logarithm of time at risk of experiencing an 
exacerbation was used as an offset variable in the model. Point estimates of rate ratio with 
two- -sided p-values were produced for each treatment comparison. 
 
Secondary Endpoints 
 
The time to first moderate or severe COPD exacerbation was analyzed using a Cox regression 
model. The model included treatment, baseline post-bronchodilator percent predicted FEV1, 
and log baseline blood eosinophil count as continuous covariates, and baseline COPD 

 
Mexico & Central America & South America, Australia & New Zealand & South Africa), and 
ICS use at screening (Yes/No) as categorical covariates. Estimated adjusted hazard ratios 
relative to the comparator were displayed along with the associated Wald two-
confidence interval and p-values for all treatment comparisons. 
 
Change from baseline in rescue Ventolin HFA use was analyzed using a linear mixed model. The 
model included treatment, 4-week time interval (Interval 1- Interval 13), the treatment by time 
interval interaction, and screening ICS use as categorical covariates and baseline post-
bronchodilator percent predicted FEV1, baseline rescue Ventolin HFA use, log baseline blood 
eosinophil count, and percent reversibility to bronchodilator as continuous covariates. Point 
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estimates of treatment difference with two- -sided p-values were 
produced for each treatment comparison. 
 
St. George’s Respiratory Questionnaire (SGRQ) was analyzed using a linear mixed model. The 
model included treatment, visit, and the treatment by visit interaction, and ICS use at screening 
as categorical covariates and log baseline blood eosinophil count, baseline SGRQ, baseline post-
bronchodilator percent predicted FEV1, and percent reversibility to bronchodilator as 
continuous covariates. Point estimates of treatment difference with two-
two-sided p-values were produced for each treatment comparison. SGRQ responder analysis 
used Logistic regression model. The model included baseline SGRQ Score, log baseline blood 
eosinophil count, and baseline post-bronchodilator percent predicted FEV1 and percent 
reversibility to bronchodilator as continuous covariates and treatment, and ICS use at screening 
as categorical covariates. P-values and odds ratio were produced for each 
treatment comparison. 
 
Time to death (All Cause) was analyzed using Cox regression model based on treatment policy 
estimand. The model adjusted for baseline post-bronchodilator percent-predicted FEV1 and 
baseline age as covariates. Hazard ratios with Wald 2- ere 
reported for all treatment comparisons. 
 
The change from baseline in morning pre-dose trough FEV1 was analyzed using an repeated 
measures (RM) linear mixed model. The RM linear mixed model included baseline FEV1, log 
baseline blood eosinophil count, and percent reversibility to bronchodilator as continuous 
covariates and visit, treatment, the treatment by visit interaction, and ICS use at screening as 
categorical covariates. Point estimates of treatment difference of FEV1 with two-
and two-sided p-values were produced for each treatment comparison. 
 
The change from baseline in FEV1 AUC0-4 was analyzed using an RM linear mixed model similar 
to that used for pre-dose trough FEV1.  The RM linear mixed model included baseline FEV1, log 
baseline blood eosinophil count, and percent reversibility to bronchodilator as continuous 
covariates and visit, treatment, the treatment by visit interaction, and ICS use at screening as 
categorical covariates. Point estimates of treatment difference of FEV1 AUC0-4 with two-sided 

-sided p-values were produced for each treatment comparison. 
 
Missing Data Handling and Sensitivity Analysis 
 
For the primary analysis of the primary endpoints and secondary endpoints data collected after 
discontinuing the study treatment was excluded from the primary analysis and treated as 
missing. 
 
The sponsor also conducted analyses including data collected after discontinuing study 
treatment. In this review we will report results on both analyses.  
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The Applicant has conducted tipping point analysis based on the efficacy estimand as a 
sensitivity analysis to assess the impact of missing data to the efficacy results. 
 
Multiplicity 
 
The Applicant proposed the overall type I error probability was controlled using a hierarchical 
testing procedure combined with a Hochberg procedure. Following are the endpoints in the 
order of hypothesis testing.  

Rate of moderate or severe COPD exacerbations (Efficacy estimand; mITT population): 
BGF vs GFF & BGF vs BFF 
Rate of moderate or severe COPD exacerbations (Attributable estimand; mITT 
population): BGF vs GFF & BGF vs BFF 
FEV1 AUC0-4 in PFT Sub-study (Efficacy estimand; mITT population): BGF vs BFF 
CFB trough FEV1 (Efficacy estimand; mITT population): BGF vs GFF 

 
After the above testing, the following 3-groups of tests were conducted simultaniously : 

1. Rate of moderate or severe COPD ex  
exacerbations in the year before Screening (Efficacy Estimand; mITT Population): 
BGF vs GFF & BGF vs BFF 

2. Hochberg tests:  
Time to first moderate or severe COPD exacerbation: BGF vs GFF 
CBF in average daily rescue Ventolin Hydrofluoroalkane (HFA) use 
over 24 weeks: BGF vs GFF  
Percentage of subjects achieving a minimal clinically important 
difference (MCID) of 4 units or more in SGRQ total score at week 24: 
BGF vs GFF 
Rate of severe COPD exacerbations: BGF vs GFF 

3. Hochberg tests:  
Time to first moderate or severe COPD exacerbation: BGF vs BFF 
CBF in average daily rescue Ventolin Hydrofluoroalkane (HFA) use 
over 24 weeks: BGF vs BFF 
Percentage of subjects achieving a minimal clinically important 
difference (MCID) of 4 units or more in SGRQ total score at week 24: 
BGF vs BFF 
Rate of severe COPD exacerbations: BGF vs BFF 

 
After the above testing, the following two tests were conducted: 

 Time to death (all cause): BGF vs GFF 
 Time to death (all cause): BGF vs BFF 

 
Figure 2 presents the diagram of hypothesis testing order.  
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Figure 2: Order of Hypothesis Testing for Type I Error Control 

Source: Statistical Analysis Plan Page 76; Figure 2. 
-inferiority using the PP Estimand 

followed by superiority. Superiority was not required to advance to the next comparison. All other 
comparisons were for superiority and used the Efficacy Estimand unless otherwise stated. 
**Hochberg-controlled secondary endpoints: Time to first moderate or severe COPD exacerbation, rescue use, 
rate of severe COPD exacerbation, SGRQ responders. 

Subgroup Analysis and Bayesian Shrinkage Subgroup Analysis

For the primary endpoint, subgroup analyses were conducted by the following categories: 
Region (North America, Europe, Asia, Other) 
Age (<65, >=65) 
Gender (Male, Female) 
Race (Black or African American, White, Asian, Other) 
Baseline blood eosinophil counts (<cells/mm3,  cells/mm3) 
COPD exacerbation history (1, 2) 
Percent predicted post-bronchodilator FEV1 (50 50  
Baseline blood eosinophil count and COPD exacerbation history (<150 cells/mm3 and 1 
exacerbation, <150 cells/mm3 and 2 exacerbations, 150 cells/mm3 and 1 
exacerbation, 150 cells/mm3 and 2 exacerbations) 
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ICS use (Yes, No) 
 
In this review, we focused on the following subgroup analyses using both traditional subgroup 
analysis and Bayesian shrinkage subgroup analysis: 

Region 
Age 
Gender 
Race 

Protocol Amendments 

The first version of the protocol dated May 18, 2015 was amended eight times globally (all 
countries affected) on July 4, 2015, August 17, 2015, January 8, 2016, August 25, 2016, September 
19, 2016, November 3, 2017, March 27, 2018, and June 21 2019. Japan-specific amendments were 
also made. Global protocol amendments are summarized as follows:  
 
July 4, 2015 Amendment  

Clarified that all subjects must have a documented history of COPD 
More specific guidance added for the minimum duration of corticosteroid and/or antibiotic 
washout used to treat COPD exacerbation or lower respiratory tract infection 
Provided guidance that COPD exacerbation could be treated as appropriate by healthcare 
provider 
Noted that pneumococcal and influenza vaccine should be considered versus required to 
account for regional differences 
Clarified that steroids were allowed in Screening Period for treatment of COPD 
exacerbation. Added guidance on subjects who were steroid dependent. 
ICS/LABA combinations were updated 
Severely reduced kidney function included as a reason for treatment discontinuation or 
study withdrawal 
 

August 17, 2015 Amendment  
The end of the study date was defined as the date on which data were collected for last 
subject’s follow-up telephone call. Timing of the interim efficacy analysis was clarified 

 
January 8, 2016 Amendment 

Revised post-bronchodilator FEV1 requirement for subjects during screening 
Percen score was added as a 
secondary and other endpoint 
Statistical methods regarding the primary efficacy analysis of rate of moderate of severe 
COPD exacerbations was revised 
Clarity was added regarding timing of interim analysis  
The end date defined as the date on which data were collected for the last subject’s follow-
up telephone call 
Clarified that visit 4 FEV1 was only required for those subjects in the PFT sub-study  
Chest X-ray was allowed in the study 
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Nebulized albuterol was acceptable with a minimum 6 hour washout prior to visit 1  
Follow-up spirometry assessments added for early discontinuations  
Analysis of Transition Dyspnea Index (TDI) was revised 
Analysis of percentage of days with “no rescue Ventolin HFA use” over the Treatment 
Period was revised 
Analysis of change from baseline was revised 
Time to onset on Day 1 analysis text was added  

 
August 25, 2016 Amendment  

Secondary efficacy endpoints and other endpoints were revised  
Text regarding blood eosinophil count covariate used in efficacy analysis was revised  
Caffeine containing medications were added to restricted medications  
Allowed subjects who failed acceptability and repeatability spirometry criteria to have these 
criteria reassessed at Visit 2  
Limit of calculated creatinine clearance was lowered  
Nebulized products were permitted only prior to Visit 1  
Aligned pneumococcal and annual influenza vaccination recommendations per local 
policies, availability, and affordability  
Changes to prohibited COPD medications, other medications, and required washout were 
revised  
Reasons for treatment discontinuation and study withdrawal were clarified  
Hy’s law criteria were added, which were initially omitted in error 
Added testing BGF MDI 160/14/9.6 μg MDI to BFF MDI for non-inferiority (NI) followed by 
superiority and specified the order of efficacy comparisons 
Removed texts on handling missing data, as they were not finalized yet  
Analysis of rescue Ventolin revised  
Testing was added in the “baseline eosinophil count high” subgroup for the comparisons of 
triple therapy vs GFF MDI  

 
September 19, 2016 Amendment  

Updated exclusion criterion numbering  
 

November 3, 2017 Amendment 
Removal of need for confirmation by central reading for exclusion criterion 4  
Clarified treatment discontinuation language and allowed medications to treat COPD 
exacerbation  
Clarification that antibiotics with the potential to prolong QT interval are not prohibited 
Clarified that AEs occurring between informed consent signing and randomization would be 
summarized as medical history unless they met definition of serious adverse event (SAE)  
Removed 14 day follow up phone call after the last study visit for subjects who discontinue 
study drug but continue in study  
Updated sample size calculations to increase sample size by 400 subjects  
Clarified data included in and analysis to be completed with the mITT population  
Added region as a covariate for rate of moderate or severe COPD exacerbation and time to 
first COPD exacerbation  
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Replaced high eosinophils subgroup with history of exacerbations, and added the 
comparison of BGF 320/14.4/9.6 μg vs BFF MDI for the subgroup  
Clarified the primary and secondary Holter monitoring endpoint analyses  
Specified the details on the potential impact of missing data  

 
March 27, 2018 Amendment 

Requirement of an enrolled target to achieve twice as many randomized subjects in the high 
3) versus low eosinophil stratum (<150 cells/mm3) 

Enrollment into PFT sub-study targeted only subjects with a high blood eosinophil count of 
3 at Visit 1 

 
June 21, 2019 Amendment 

Added secondary objective and moved rate of severe COPD exacerbation from other 
efficacy endpoint to secondary efficacy endpoint  
Removed several other efficacy endpoints and revised 24-hour Holter monitoring sub-study 
and HCRU endpoints  
Updated definition of duration of moderate or severe COPD exacerbation  
Clarified start date of COPD exacerbation was not excluded from time-at-risk of a COPD 
exacerbations  
Updated analysis to include the log baseline blood eosinophil count as a covariate instead of 
baseline blood eosinophil count  
Clarified FEV1 AUC analysis model  
Added treatment and smoking status terms for rate of decline in predose FEV1 and FEV1 
AUC0-4  
Corrected NI margin from 0.1 to 1.1 for the comparisons of the two BGF groups on COPD 
exacerbations  
Upper limit criteria for glucose changed  

 
The protocol amendments submitted do not affect the interpretation of results for Trial 05. 

8.1.2. Study Results 

This section of the review of efficacy is for BGF Trial 05, the dedicated BGF phase 3 exacerbation 
trial. Previously reviewed BGF phase 3 studies (Trial 06 and Trial 08), and BFF phase 3 studies (Trial 
02 and Trial 03) will be summarized where appropriate (see review by Dr. Clerman dated 
September 30, 2019 for complete review). The efficacy for the dual component GFF was established 
under the approval of NDA 208294 (see review by Dr. Chin dated March 21, 2016) and will not be 
discussed here. 

Compliance with Good Clinical Practices 

A statement of compliance with Good Clinical Practices is located in the clinical study report in Trial 
05. 

Financial Disclosure 
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Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs) 

In Trial 05, COPD symptom scores, COPD severity, smoking history, baseline spirometry and 
cardiovascular disease history were similar across groups. Background COPD medication use 
was also similar between groups. ICS use at Screening was similar among all treatment groups, 

 

Treatment Compliance, Concomitant Medications, and Rescue Medication Use 

The treatment compliance was approximately 93  and the majority of subjects in 
. Compliance was defined as the total 

number of puffs per day divided by the total expected puffs per day averaged across all days of 
dosing multiplied by 100. Concomitant medications that were initiated after study entry were 
similar across groups in both rates and medication used. The most common concomitant non-
COPD medications were acetylsalicylic acid, atorvastatin, and amlodipine. The most common 
COPD-related medications were oxygen, theophylline, and salbutamol.  
 
Efficacy Results – Primary Endpoint 
The presentation of efficacy data will focus on the BGF dose for which the sponsor is seeking 
approval for, BGF MDI 320/14.4/9.6 μg. For the following efficacy section, BGF MDI 
320/14.4/9.6 μg will be referred to as BGF, GFF MDI 14.4/9.6 μg will be referred to as GFF, and 
BFF MDI 320/14.4 μg will be referred to as BFF. Results for the lower dose, BGF 160/14.4/9.6 μg 
are summarized in the subsection titled Dose/Dose Response.  
 
For Trial 05, the primary endpoint was the rate of moderate or severe COPD exacerbations 
(Efficacy Estimand).  
 
To support the contribution of the ICS component (budesonide) and the LAMA component 
(glycopyrrolate) to BGF, the rate  of moderate or severe exacerbations (Efficacy Estimand) for 
BGF was compared to GFF and BFF. The treatment rate ratio was 0.76 between BGF and GFF 
( <0.0001) and was statistically significant. The treatment rate ratio was 
0.87  and was statistically significant. Based 
on the comparisons of BGF to BFF and GFF, both the LAMA (glycopyrrolate) and ICS 
(budesonide) appear to contribute to a decrease in moderate or severe exacerbation following 
treatment with BGF. These data are summarized in Table 16. 
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Figure 4. Adjusted Mean Change from Baseline in Morning Predose Trough FEV1 (L) ± SE Over 
Time PFT Sub-study (Efficacy Estimand, mITT Population) 

 
Source: Statistical Reviewer 
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Figure 5: Adjusted Mean Change from Baseline in Morning Predose Trough FEV1 (L) ± SE Over 
Time PFT Sub-study (Treatment Policy Estimand, ITT Population) 

 
Source: Statistical Reviewer 

Peak change from baseline in FEV1 was measured within 4 hours postdose for the PFT sub-
study visits, and the mean peak change from those visits was determined. The use of BGF 
resulted in numerical increases in LS mean peak change at Week 24 compared with both GFF 
(54ml;  and BFF (126ml; ). This analysis was not included in the 
testing hierarchy.  

 
Subgroup Analyses – Prior ICS Use

In Trial 05, patients who were on prior ICS therapy at Screening abruptly stopped ICS treatment 
if they were randomized to the GFF treatment group. There are several studies to support the 
trend of clinical deterioration following after ICS removal (1; 2; 3; 4; 5; 6). Given the concern for 
possible effects of ICS withdrawal, it becomes difficult to determine if a positive exacerbation 
effect is due to an added benefit of the ICS containing combination product over a non-ICS 
containing comparator, or a detrimental effect of removal of ICS.  
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To assess whether abrupt ICS removal may have had an effect on study results in Trial 05, the 
Applicant submitted sub-group analyses ICS use (yes/no) prior to Screening and ICS/muscarinic 
antagonist (MA)/beta agonist (BA) use 

riple therapy (ICS/MA/BA). ICS was 
removed abruptly at randomization for patients previously on ICS containing therapies who 
were randomized to the GFF arm. The Applicant submitted exploratory analyses to help 
differentiate between the effect of ICS removal versus the effectiveness of a triple therapy. 
These sub-group analyses included time to first moderate or severe COPD exacerbation and 
rate of moderate or severe COPD exacerbation. Analyses were conducted overall, excluding the 
first 30, 60, and 90 days, and including only the first 90 days. The comparison of BGF to GFF in 
subjects with and without prior ICS use was the most direct comparison for assessing the 
impact of removing ICS treatment.  

Rate of moderate or severe COPD exacerbations by ICS use  

The data for ICS sub-group analysis for BGF vs. GFF and BFF for the rate of moderate or severe 
COPD exacerbation is shown in Table 28. In the subgroup of patients who used ICS prior to 
Screening, the adjusted annual rate of exacerbation was numerically higher for the GFF (1.51) 
compared to BFF (1.27). The numerically increased rate of exacerbation observed for patients 
on ICS at baseline who were randomized to GFF (i.e., withdrawn from ICS) compared those who 
were randomized to BFF (i.e. remained on ICS) suggests that there may have been an ICS 
withdrawal effect. In contrast, in the subgroup of patients who did not use ICS prior to 
Screening, the adjusted annual rate of exacerbation for GFF and BFF were numerically similar 
(1.11 and 1.12, respectively). This observation raises concerns that the observed effect of 
exacerbation reduction may be due to ICS withdrawal, rather than a true exacerbation 
reduction effect. However, results for treatment rate ratios for rate of moderate or severe 
exacerbations based on ICS use at Screening (yes/no), suggest that the exacerbation reduction 
effect cannot be entirely attributed to ICS withdrawal.  In the subgroup of patients who used 

0.84; p<0.0001
1.00; p=0.0473). In the subgroup of patients who did not use ICS prior to Screening, the BGF vs. 

; p=0.0117), and the BGF to BFF 
0.93;p=0.0091). The ICS use prior to 

Screening sub-group and the no ICS use prior to Screening sub-group had similar treatment rate 
ratios for the comparison of BGF vs. GFF, and trended in the same direction for the BGF vs BFF.  
These data show an exacerbation reduction effect for BGF compared to GFF, regardless of ICS 
use at Screening and with point estimates of similar magnitude. This suggests that, regardless 
of ICS use at screening (and ICS withdrawl), treatment with BGF results in exacerbation 
reduction. Analysis comparing treatment rate ratios for BGF v. GFF excluding the first 30, 60, 
and 90 days were consistent with the overall treatment period in that point estimates for the 
treatment rate ratios were generally similar between the ICS use prior to Screening subgroup 
and no ICS use prior to screening subgroup. In analysis including only the first 90 days, BGF to 
GFF treatment rate ratios were also similar between ICS use at screening yes/no subgroups, 
though the treatment rate ratios in both subgroups were lower in magnitude compared the 
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Figure 6. Kaplan-Meier curve for time to first moderate or severe COPD exacerbation for 
patients using ICS during 30 days prior to Screening 

 
Source: Statistical Reviewer 
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Figure 7. Kaplan-Meier curve for time to first moderate or severe COPD exacerbation for 
patients not using ICS during 30 days prior to Screening 

 
Source: Statistical Reviewer 

 

For the comparison of BGF vs. GFF, the treatment effect on rate of moderate or severe 
exacerbation and time to moderate or severe exacerbation were consistent in subgroups with 
and without a history of prior ICS use, and these effects were consistent excluding the first 30, 
60, and 90 days. Overall, while there may be suggestion of an ICS withdrawal effect, the results 
of the analyses support that the observed benefits of BGF treatment are not solely or primarily 
driven by the changes of treatment at randomization, in particular the change from an ICS 
containing therapy to a non-ICS-containing therapy (i.e., ICS withdrawal). For the BGF to BFF 
comparison, it is unclear why the hazard ratios for those with a history of prior ICS use were 
higher than those not on prior ICS use.  

Traditional Subgroup Analysis  
To examine whether the treatment effects vary among the levels of a baseline factor, such as age, 
gender, race or country (region), we conducted subgroup analyses on the primary endpoint(s) in 
these four factors. These subgroup analyses used the same analysis model, but a subset of the 
dataset used in the overall analyses. 
 
Figure 8 presents the subgroup analysis results of primary endpoint moderate or severe COPD 
exacerbation over 52 weeks comparing BGF to GFF. Figure 9 presents the subgroup analysis results 
of primary endpoint moderate or severe COPD exacerbation over 52 weeks comparing BGF to BFF.  
The results showed that subgroups with small number of subjects have large variability while 
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overall there were no significant difference between the subgroups examined. The results were 
consistent to the overall results across the subgroups. 
 

Figure 8: Forest Plot of Subgroup Analysis of Moderate or Severe COPD Exacerbation Over 52 
Weeks (BGF vs GFF, mITT Population) 

 
 
Abbreviations: N. Ameri = North America 
Source: Statistical Reviewer 
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Figure 9: Forest Plot of Subgroup Analysis of Moderate or Severe COPD Exacerbation Over 52 
Weeks (BGF vs BFF, mITT Population) 

 
Abbreviations: N. Ameri = north America 
Source: Statistical Reviewer 
 
Bayesian Shrinkage Subgroup Analysis 

We determined shrinkage estimates of subgroup treatment effects using a Bayesian 
hierarchical model. Shrinkage estimates use more information and are more precise, closer to 
the true subgroup treatment effects than the sample estimates. 
 
In traditional subgroup analyses, there are some random highs and random lows in sample 
estimates of subgroup treatment effects due to small sample size or large variability for some 
subgroups. The total variability in the sample estimates 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. With a 
shrinkage method, sample estimate is “shrunk” towards the overall estimate. The weights are 
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based on the ratio of the between subgroup variability to the within subgroup variability. The 
greater that ratio the smaller the weight on the overall estimate (the less the shrinkage). 
 
The Bayesian hierarchical model was used in this review as a shrinkage method with sample 
estimates from the traditional subgroup analysis with the same flat prior to derive shrinkage 
estimates for all subgroups and assumptions as followings: 
Yi: the observed sample estimate of treatment effect in a subgroup level i (i=1,2, …, total 
number of subgroups), assume Yi ~ N (μi i2) where 

i2 are the observed variance for sample estimates 
μi ~ 2) with μ ~ N (0, c2 2 ~ Gamma (0.001, 0.001) (noted as “shrinkage”, c 
from patient-level standard deviation) 

estimate) are calculated and depicted in the forest plot.  
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Figure 10 : Forest Plot of Bayesian Shrinkage Subgroup Analysis of Moderate or Severe COPD  
Exacerbation Over 52 Weeks with Comparison to Traditional Subgroup Analysis (BGF vs. GFF,  
mITT Population) 

 
Abbreviations: F = female; M = male; R_Asian = race Asian; R_other = race other; N_America = North America 
Source: Statistical Reviewer 
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Figure 11: Forest Plot of Bayesian Shrinkage Subgroup Analysis of Moderate or Severe COPD  
Exacerbation Over 52 Weeks with Comparison to Traditional Subgroup Analysis (BGF vs. BFF,  
mITT Population) 

 
Abbreviations: F = female; M = male; R_Asian = race Asian; R_other = race other; N_America =north America 
Source: Statistical Reviewer 
 

Examining Figure 9 and Figure 10 , we found that: 

All the subgroup means from the Bayesian shrinkage subgroup analysis shrunk to the 
overall mean 

an from Bayesian shrinkage subgroup 
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Although the Bayesian shrinkage subgroup analysis produced more accurate subgroup 
means and their credible intervals, the difference compared to the traditional subgroup 
analysis results were minimal. 

 

Integrated Review of Effectiveness 

8.1.3. Assessment of Efficacy Across Trials 

This section will focus on the results from Trial 05, as efficacy data from BGF Trial 06 and BFF Trials 
02 and 03 were previously reviewed (see Unireview dated September 30, 2019). However, results 
from these previously reviewed trials will be summarized as applicable.   

Primary Endpoints 

Trial 05 had the primary endpoint of rate of moderate or severe COPD exacerbation for the 
comparison of BGF relative to GFF and BFF. The improvement in rate of moderate or severe 
exacerbations was statistically significant for the comparison of BGF to GFF and BGF to BFF 
(Table 16). 
 
As GFF is an approved product (Bevespi) and as results from the BFF Trials 02 and 03 supported 
a spirometric and exacerbation benefit for BFF, the demonstration of superiority of BGF to BFF 
and GFF in terms of the primary endpoint represents evidence of efficacy for BGF, as well as the 
contribution of the ICS and LAMA monocomponents.  

Secondary and Other Endpoints 

Exacerbation  
For Trial 05, the improvement of time to first moderate or severe exacerbation was statistically 
significant for the comparison of BGF to GFF and BGF to BFF (Table 19). For rate of severe 
exacerbations, results were statistically significant for the comparison of BGF to BFF (Table 20), 
with similar, though not statistically significant, results for the BGF to GFF comparison. Results 
were generally similar for rate of moderate or severe COPD exacerbations in subjects with a 
history moderate or severe COPD exacerbations in the year before screening and was 
statistically significant for the comparison of BGF to GFF (Table 21, Table 22). Overall, 
exacerbation related secondary endpoint results were consistent with the primary endpoint in 
Trial 05.  
 
In previously reviewed Trial 06, a 24-week BGF trial, the annualized rate of moderate or severe 
COPD exacerbation was a secondary endpoint and BGF was compared to both GFF and BFF. 
These results were numerically lower during treatment with BGF relative to GFF (rate ratio 

umerically lower during treatment with BGF relative to BFF 

excluded null, suggesting ICS contribution to BGF, the results were not considered statistically 
significant due to the failed co-primary endpoint and the comparison’s position in the analysis 
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hierarchy. While these results were not statistically significant, the observed trends were 
similar to the larger, dedicated exacerbation trial (BGF Trial 05), and offer some additional 
support for BGF exacerbation benefit. 
 
Overall exacerbation related secondary endpoints across BGF Trials 05 and 06 are supportive of 
efficacy and when taken together with primary endpoint for BGF Trial 05, represent substantial 
evidence of efficacy and contribution of the LAMA and ICS monocomponents. 
 
SGRQ 
The percentage of patients achieving an improvement of the SGRQ total score at 
Week 24 were statistically significant for the comparison of BGF to GFF and BGF to BFF (Table 
23). 
 
In Trial 06, the 24-week BGF trial, the percentage of patients achieving an improvement 
units in SGRQ total score at Week 24 was included as a secondary endpoint. BGF demonstrated 
a numerically greater percentage of SGRQ responders at Week 24 compared with GFF (not 
statistically significant due to hierarchy). Similar trends were observed for the BGF to BFF 
comparison. 
 
Lung Function 
Trial 05 included a PFT sub-study which had the co-primary endpoints of FEV1 AUC0-4 at Week 
24 for the comparison of BGF to BFF and change from baseline in morning predose trough FEV1 
at Week 24 for the comparison of BGF to GFF. Both co-primary endpoints showed a statistically 
significant improvement (Table 26 and Table 27). These results demonstrate the bronchodilator 
effect of BGF and the contribution of the ICS and LAMA monocomponents to that effect. 
 
In BGF Trial 06, the previously reviewed 24-week lung function trial, the co-primary endpoints 
were pre-dose trough FEV1 at Week 24 for the comparison of BGF to GFF and FEV1 AUC0-4 at 
Week 24 for the comparison of BGF to BFF. The results for pre-dose trough FEV1 at Week 24 for 
the comparison of BGF to GFF were not statistically significant. In contrast, the results for FEV1 
AUC0-4 at Week 24 for the comparison of BGF to BFF showed a statistically significant 
improvement. As such, Trial 06 only demonstrated the contribution of GP to BGF, but not the 
contribution of ICS monocomponent. However, these trends were generally consistent with the 
PFT sub-study in Trial 05 and offer some additional support for the bronchodilator effect. 

Subpopulations 

For subgroup analyses, see the section entitled Additional Analyses Conducted on the Individual 
Trial. No notable differences were observed in comparison of subgroups and the subgroup analyses 
do not change the overall assessment of effectiveness. 

Additional Efficacy Considerations 
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In Trial 05, patients who were on prior ICS therapy at Screening abruptly stopped ICS treatment 
if they were randomized to the GFF treatment group. Given the concern for possible effects of 
ICS withdrawal, additional exploratory subgroup analyses were performed based on ICS use at 
Screening. When comparing moderate or severe COPD exacerbation in subjects who were on 
an ICS-containing treatment at Screening (yes/no), for the BGF vs. GFF comparison, the 
Screening ICS “yes” subgroup and “no” subgroup had similar hazard and rate ratios (Table 28, 
Table 29, Figure 6, and Figure 7). While there may have been suggestion of an ICS withdrawal 
effect, these results did not suggest that the exacerbation effect observed in the overall 
population was solely or primarily driven by the withdrawal of ICS from patients on ICS at 
baseline.  

8.1.4. Integrated Assessment of Effectiveness 

To approve a combination product, evidence must support the efficacy of the overall 
combination, including the contribution of each active ingredient to the effectiveness of the 
combination. To support efficacy, in the initial NDA submission, the Applicant included data 
from a single phase 3, 24-week, randomized, placebo-controlled trial with the primary objective of 
assessing the effect of BGF compared to GFF and BFF on lung function (Trial 06).  Results from this 
trial were insufficient to support the contribution of the ICS monocomponent to BGF, though 
contribution of the LAMA monocomponent was supported. As a result, a CR action was taken. To 
address the CR deficiencies and provide substantial evidence of efficacy and the contribution of the 
ICS and LAMA monocomponents, the Applicant submitted the results from a second phase 3, 52 
week, randomized, placebo-controlled trial (Trial 05) with the primary objective of assessing the 
effect of BGF compared to GFF and BFF on exacerbation. This trial also included a PFT sub-study 
to support effects on lung function. Trial 05 demonstrated evidence of efficacy as determined 
by achieving a statistically significant reduction in rate of moderate or severe COPD 
exacerbations for BGF treated patients versus GFF and BFF treated patients. This also 
demonstrated the contribution of the ICS (BD) and LAMA (GP) monocomponents to the triple 
combination. The secondary exacerbation related endpoints were also consistent with the 
primary endpoint.  BGF demonstrated statistically significant improvement over GFF and BFF 
for time to first moderate or severe COPD exacerbation. Results were similar for severe 
exacerbations, though not statistically significant for the BGF to BFF comparison. SGRQ results 
were also generally consistent with the exacerbation data. The PFT sub-study demonstrated 
statistically significant improvements in lung function for BGF versus GFF and BFF, 
demonstrating both efficacy and the contribution of the LAMA and ICS monocomponents in 
terms of bronchodilation. Results from Trial 05, with additional support for the previously 
reviewed Trial 06, taken together represent substantial evidence of efficacy and the 
contribution of the relevant monocomponents to the triple combination. The deficiencies 
outlined in the CR letter have been sufficiently addressed to warrant Approval of BGF for the 
maintenance treatment of COPD. 
 
Overall, the evidence presented in this application does support Approval of BGF. 
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Subjects with 
exposure 

 1727 (80.6) 1732 (81.5) 1602 (75.4) 1671 (78.2) 6732 (78.9) 
Abbreviations: BGF= budesonide/glycopyrrolate/formoterol fumarate; GFF= glycopyrrolate/formoterol fumarate; BFF= budesonide/formoterol 
fumarate; SD = standard deviation 
Source: PT010005 CSR Edition 1; Table 60; Section 8, pg. 259; confirmed by Clinical Reviewer 

Adequacy of the safety database: 

The BGF safety database is adequate given the safety data from BGF trials and supportive data 
from the BFF studies, as well as the GFF studies reviewed under NDA 208294 (see review by Dr. 
Stacy Chin dated March 21, 2016).  

8.2.3. Adequacy of Applicant’s Clinical Safety Assessments 

Issues Regarding Data Integrity and Submission Quality 

No issues regarding data integrity and submission quality were identified. See Section 4.1 for 
additional details. 

Categorization of Adverse Events (AE) 

In all trials reviewed for safety, an AE was categorized as any untoward medical occurrence 
associated with the use of a drug in humans, whether or not considered drug related. An AE 
could be any unfavorable and unintended sign (e.g., an abnormal laboratory finding), symptom, 
or disease temporally associated with the use of a drug, without any judgment about causality. 
An AE was considered a treatment emergent adverse event (TEAE) if the event occurred on or 
after the first day of treatment and up to and including the last day of treatment (+1 day for 
subjects who permanently discontinued treatment before trial completion). Severity of AEs was 
graded as mild (no limitation in usual activity or only slight discomfort), moderate (limitation of 
usual activity or significant discomfort), or severe (inability to carry out usual activity or very 
marked discomfort). 
 
Adverse events of special interest (AESI) were also assessed and defined as LAMA/LABA class 

-adrenergic agonist events), local steroid effects, 
pneumonia, and paradoxical bronchospasm. Major Adverse Cardiovascular Events (MACE) were 
also analyzed and defined as a composite of cardiovascular death, non-fatal myocardial 
infarction, and non-fatal stroke. All deaths, potential pneumonia events, and MACE were 
reviewed by the Clinical Endpoint Committee (CEC). The CEC was implemented to provide an 
independent, external, systematic, and unbiased assessment of investigator-reported events in 
the above categories. Review by the CEC was centralized and independent of the Applicant. The 
committee was comprised of individuals with experience and expertise in the clinical 
adjudication of pulmonary, neurological, mortality, and cardio- and cerebrovascular events. 
They were specifically trained in endpoint review and adjudication. 
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Overall these TEAE data are consistent with the known safety profile of similar inhaled drugs, 
consistent with BGF Trial 06/08, and do not raise safety concerns. 

Laboratory Findings 

The Applicant conducted analyses of clinical laboratory results in BGF Trial 05. Analyses 
included changes in mean values over time, changes in individual subjects over time, and in 
potentially clinically significant (PCS) values.  

Laboratory findings from Trial 05, did not demonstrate clinically meaningful trends or mean 
changes from baseline within or between treatment groups in terms of the parameters of 
hematology, clinical chemistry, kidney functions, and urinalysis. Shift table analysis showed that 
shifts were not common for hematology, clinical chemistry, and kidney function, and these 
occurrences were similar across groups. Post-baseline newly occurring or worsening potentially 
clinically significant values for clinical chemistry, hematology, kidney function, and urinalysis 
were infrequent and similar across groups. These findings were consistent with the findings in 
BGF Trial 06/08.  

Overall, no new safety concerns were identified in the analysis of laboratory values in the BGF 
phase 3 studies.  

Vital Signs 
 
No clinically significant changes in vital signs were identified in BGF Trial 05. Similarly, no 
clinically significant changes in vital signs were identified in BGF Trial 06/08, BFF Trial 02, or BFF 
Trial 03. Time trend analysis, box plots, and waterfall plots (JMP Clinical 7.1) were used by the 
Clinical Reviewer to assess systolic and diastolic blood pressure, heart rate, temperature, and 
BMI. Overall, no new safety concerns were identified in the analysis of vital signs in the BGF 
phase 3 studies. 

Electrocardiograms (ECGs) 

No clinically significant ECG trends were identified in BGF Trial 05. Similarly, no clinically 
significant changes in ECG parameters were identified in the BGF Trial 06/08, BFF Trial 02, or 
BFF Trial 03. Time trend analysis, box plots, and waterfall plots (JMP Clinical 7.1) were used by 
the Clinical Reviewer to assess heart rate, PR interval, QRS interval, axis, and QTcF. Overall, no 
safety concerns were identified in the analysis of ECG parameters in the BGF phase 3 studies. 

QT 

See ECG section above. No TQT study was performed under this NDA submission. A TQT study 
was performed under NDA 208294 (GFF, Bevespi Aerosphere) and no significant QT 
prolongation was detected for GFF in that study. 

Immunogenicity 
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The primary Holter Monitoring endpoint was change from baseline in mean heart rate averaged 
over 24 hours at Week 16. The changes from baseline in 24-mean heart rate at Week 16 were 
small and similar across treatment groups. The LS mean differences from baseline in 24-hour 
mean heart rate at Week 16 across treatment groups were small and not clinically meaningful.  
 
Secondary endpoints in the Holter Monitor study included: change from baseline in nighttime 
and daytime mean heart rate, change from baseline in the 24-hour maximum heart rate, 
change from the baseline in the 24-hour minimum heart rate, change from baseline in the 
frequency of isolated ventricular ectopic events, change from the baseline in frequency of 
ventricular couplets, change from the baseline in the frequency of isolated supraventricular 
ectopic events, change from the baseline in the frequency of supraventricular couplets, change 
from the baseline of supraventricular runs, incidence of atrial fibrillation with rapid ventricular 
response. No notable differences were seen in these parameters across treatment groups. No 
subject met any withdrawal criteria for the 24-hour Holter Monitoring sub-study.  
 
Bone and Endocrine Safety  
 
Corticosteroids, including ICS, are known to have effects on the HPA axis and bone health, and 
the labels of ICS-containing products have statements regarding these effects in the Warnings 
and Precautions section. These effects were specifically studied in BGF Trial 05. However, in 
BGF Trial 06/08, sub-studies were performed to assess these effects. In BGF Trial 06, this was 
assessed by measuring adrenocorticoid testing, and in BGF Trial 08 this was assessed by a bone 
mineral density (BMD) sub-study. In Trial 06, serum cortisol curves showed normal diurnal 
variation over the 24-hour period and were similar between groups at both baseline and Week 
24. In the Trial 08 BMD sub-study (N=323) there was a small numerical decrease in BMD of the 
lumbar spine at Week 52 in the BGF group compared to the GFF group (- -1.4, 0.5]) that 
was above the pre-specified non-inferiority margin of -
small numerical decrease in the BGF group compared to the GFF group (- -1.3, 0.2]). 
Frequencies of bone-related AEs, including osteoarthritis, osteoporosis, osteopenia, and bone 
fractures, were infrequent and similar across treatment groups. The results of the HPA axis and 
BMD results do not raise new safety concerns. 
 
Overall, analysis of AESIs in the BGF program were consistent drugs of the similar class and did 
not identify any new safety concerns. 

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

No COA analyses informing safety were included in this submission. 

8.2.7. Safety Analyses by Demographic Subgroups 

The Applicant conducted demographic subgroup analyses on AEs in BGF Trial 05. Subgroup analyses 
were performed by age, gender, and race. Small numerical differences were identified between 
subgroups, but this is to be expected given the relatively small number of subjects within 
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subgroups. This finding is consistent with Trial 06/08. Overall, demographic subgroup analysis of 
Trial 05 did not reveal any safety concerns. 

8.2.8. Specific Safety Studies/Clinical Trials 

There were no specific safety studies submitted with this Application. A development safety 
update report (DSUR) under IND 118313 was submitted on 5/8/2020. Review of the safety data 
included in the DSUR does change the previous safety related conclusions regarding BGF 
320/14.4/9.6 μg. 

8.2.9. Additional Safety Explorations 

Human Carcinogenicity or Tumor Development 

No human carcinogenicity studies have been conducted in this application. 

Human Reproduction and Pregnancy 

No studies in this application assessed pregnancy, lactation, or reproduction. No pregnancies 
were reported in BGF Trial 05. No pregnancies were reported in BGF Trial 06/08, or BFF Trials 
02 and Trial 03. 

Pediatrics and Assessment of Effects on Growth 

BGF is not subject to PREA requirements due to the nature of COPD involving an older 
population group. 

Overdose, Drug Abuse Potential, Withdrawal, and Rebound 

Given the nature of the drug components and delivery method, drug abuse, withdrawal, and 
rebound are not anticipated for this combination drug product. It is expected that overdose 
with BGF would produce typical class effects for LABA and anticholinergic agents. Theoretically, 
abrupt stoppage of excessive dosages of BGF may result in adrenal crisis. The product labels for 
other ICS-containing products contain warning language regarding this risk. 

8.2.10. Safety in the Postmarket Setting 

Safety Concerns Identified Through Postmarket Experience 

There is no post-market experience for BGF. No safety concerns have been identified through 
post-market experience with GFF (Bevespi Aerosphere). 

Expectations on Safety in the Postmarket Setting 

The BGF phase 3 program evaluated a moderate-severe COPD population already taking at 
least two maintenance therapies for COPD. Additionally, patients with certain respiratory 
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comorbidities, chronic oxygen use, or recent exacerbations or infections were excluded from 
the clinical trials. Demographically, the BGF phase 3 program had some differences from the 
overall COPD population in the United States. Therefore, the COPD population exposed to BGF 
after marketing may experience other reactions not observed in the clinical trials. However, 
there is extensive experience in the COPD population with this class of drugs and safety can be 
monitored for with standard post-marketing safety infrastructure. 

8.2.11. Integrated Assessment of Safety 

The safety data submitted with this application were sufficient for review. The safety data were 
derived primarily from two phase 3 trials (BGF Trial 05 and Trial 06). Supportive data was 
derived the BGF Trial 06 safety-extension (BGF Trial 08), and also from two phase 3 studies for 
the unapproved BFF combination product (24-week Trial 02 and variable-length Trial 03) and 
the known safety profile of GFF (Bevespi Aerosphere, NDA 208294.)  
 
Overall, the safety assessment across the BGF phase 3 trials, which included an evaluation of 
deaths, SAEs, all TEAEs, dropouts, AESIs, MACE, pneumonia events, laboratory findings, vital 
signs, ECGs, BMD, HPA axis, and ocular safety, was consistent with other products containing 
LAMA, LABA, or ICS alone or in combination. No new safety signals were revealed in this 
application. Overall, deaths, SAEs, and TEAEs were generally similar across groups. BGF did 
show some numerical increases compared to GFF in pneumonia, URTIs, dysphonia, thrush, and 
cataracts, which is consistent with the known adverse effects of ICS. Analysis of AE-related 
study discontinuations did not raise safety related concerns. Laboratory testing, vital signs, and 
ECG analysis did not show trends of concern for BGF. When comparing between BGF doses 
320/14.4/9.6μg and 160/14.4/9.6 μg safety was comparable.  
 
In conclusion, BGF at either dose does not show significant safety concerns above the active 
comparators GFF and BFF. Identified numerical differences between BGF and GFF can be 
attributed to the ICS component and is already reflected in the Warnings and Precautions of 
other ICS-containing products. Overall, the BGF safety profile is consistent with other inhaled 
products containing drugs in these classes. 
 
 
8.3. Statistical Issues 
 
In the following, we will discuss statistical issues in five categories: combination rule, substantial 
evidence of effectiveness, overall type I error control, estimand, and missing data and 
sensitivity analysis. In this section, BGF refers to BGF 320/14.4/9.6 μg. 
 
Combination Rule 
 
First, BGF is a fixed dose triple combination product of ICS, LAMA and LABA. To assess the 
efficacy of this product, it is necessary to demonstrate the contribution of each mono 

Reference ID: 4645470



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 212122} 
{Breztri Aerosphere, Budesonide/Glycopyrrolate/Formoterol Fumarate Inhalation Aerosol} 
 

  103 
Version date: October 12, 2018  

component to the triple. Due to lack of treatment regimen of ICS and LAMA combo, it is only 
necessary to show the contribution of ICS and contribution of LAMA to the triple.  
 
Contribution of ICS to the triple was assessed by comparison of BGF versus GFF on moderate or 
severe exacerbation and co-primary endpoints of morning trough FEV1 at Week 24 in the sub-
study. 
 
Contribution of LAMA to the triple was assessed by comparison of BGF versus BFF on moderate 
or severe exacerbation and co-primary endpoint of FEV1 AUC0-4 at Week 24 in the sub-study. 
 
Trial 05 demonstrated the contribution of ICS and LAMA to the triple. Thus, the combination 
rule was satisfied in the BGF Trial 05. 
 
Second, BFF was a double combination of ICS and LABA. It was not an approved product. It is 
necessary to demonstrate the contribution of ICS and LABA to the double. The original 
submission included two phase 3 BFF trials: Trial 02 and Trial 03. Both served as supporting 
efficacy trials. Both trials won on all the co-primary endpoints or the primary endpoint and 
provided a qualification for BFF as an active comparator in Trial 05.  
 
Overall, combination rule was satisfied in the primary BGF exacerbation Trial 05, and in the 
supporting BFF efficacy trials. 
 
Substantial Evidence of Effectiveness 
 
Effectiveness of BGF was studied in Trial 05 which served as a primary efficacy trial. 
Effectiveness of BGF was also studied in the original submission Trial 06. 
 
The effectiveness of BGF were assessed mainly in three categories: exacerbation benefit, lung 
function benefit and SGRQ benefit. 
 

1. Exacerbation Benefit 
For Trial 05, contribution of ICS and LAMA to the triple in exacerbation benefit was 
assessed on annual rate of moderate or severe COPD exacerbation over 52 weeks by 
comparing BGF to GFF and BGF to BFF, both results were statistically significant. 
 
For the original submission Trial 06, contribution of ICS to the triple in exacerbation 
benefit was assessed on annual rate of moderate or severe COPD exacerbation over 24 
weeks. Comparison of BGF to BFF only showed numerically less exacerbation and did 
not reach nominal significance. 
 
Overall BGF demonstrated exacerbation benefit. 

 
2. Lung Function Benefit 
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(Attributable estimand; mITT 
population 
FEV1 AUC0-4 in PFT Sub-study 
(Efficacy estimand; mITT 
population) 

n/a S.S. 

CFB trough FEV1 (Efficacy 
estimand; mITT population) 

S.S. n/a 

Rate of moderate or severe 
COPD exacerbations in subjects 

year before Screening (Efficacy 
Estimand; mITT Population) 

S.S. Fail 

Time to first moderate or severe 
COPD exacerbation 

S.S. S.S. 

CBF in average daily rescue 
Ventolin Hydrofluoroalkane 
(HFA) use over 24 weeks 

S.S. S.S. 

Percentage of subjects achieving 
a minimal clinically important 
difference (MCID) of 4 units or 
more in SGRQ total score at 
week 24 

S.S. S.S. 

Rate of severe COPD 
exacerbations  

Fail Fail 

Time to death (all cause) Fail Fail 
Abbreviations:  S.S = statistically significant; n/a = not applicable 

 
Estimand 
 
All the data collected after discontinuing study treatment while on study (retrieved data) were 
excluded in the analysis. A hypothetical estimand was used by the sponsor. It assumes that 
efficacy observed on treatment is reflective of what would have occurred after discontinuation 
of randomized treatment had they remained on treatment. This estimand is not a regulatory 
preferred estimand. The regulatory preferred estimand is a treatment policy estimand; it 
targets the treatment effect over the study period regardless of whether randomized treatment 
is continued. When estimating a treatment policy estimand, all the retrieved data are included 
in the analysis.  
 
This review focused on both analyses using different estimands. Although the results using the 
treatment policy estimand showed less effectiveness, the difference was minimal and lead to 
the same conclusion. Overall the program showed effectiveness of the study drug BGF. 
 
Missing Data and Sensitivity Analyses 
 
Table 42 presented number of subjects who completed study drug treatment and study for 
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improvements in lung function for BGF versus GFF and BFF, demonstrating both efficacy and 
the contribution of the LAMA and ICS monocomponents in terms of bronchodilation. Results 
from Trial 05, with additional support for the previously reviewed Trial 06 taken together 
represent substantial evidence of efficacy and the contribution of the relevant 
monocomponents to the triple combination. The deficiencies outlined in the CR letter have 
been sufficiently addressed to warrant Approval of BGF for the maintenance treatment of 
COPD. 
 
Regarding safety, assessment of BGF safety focused on Trial 05, with supporting evidence from Trial 
06 and its safety extension Trial 08. No large imbalances in terms of deaths, serious adverse events 
(SAE), adverse events (AE) leading to discontinuation, or common AEs were observed when 
comparing BGF to the active comparators. Observed events were generally consistent with drugs of 
the same classes. No safety concerns precluding Approval were identified.  
 
In summary, the BGF development program provided substantial evidence of efficacy and safety.  
The overall risk-benefit assessment support approval of BGF. The recommendation is Approval.  
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9 Advisory Committee Meeting and Other External Consultations 

No Advisory Committee meeting was necessary as ICS, LAMA, and LABA are well-established 
classes of therapeutics for COPD.  There were no controversial issues that required advisory 
committee discussion.   
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10 Pediatrics 

Not applicable 
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12 Risk Evaluation and Mitigation Strategies (REMS) 

None 
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13 Postmarketing Requirements and Commitment 

None  
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demonstrating a contribution of each component to the BFF combination. 
 
Trial 03 was a randomized, double-blind trial in 1843 patients with COPD. This trial was initially 
designed as a 52-week exacerbation trial but was subsequently amended to a be a 12-week 
bronchodilator trial. As such, all patients received at least 12-weeks of treatment, but some 

 
 

trough FEV1 ion of BD. Results 
showed a statistically significant improvement in change from baseline in trough FEV1 at Week 

 
 
In both trials, statistically significant improvements in time to first exacerbation were shown for 
BFF  
BD and FF to the BFF combination and support the use of BFF as a comparator in the BGF 
program. 
 
BGF Combination 
Trial 06 was a 24 week, randomized, double-blind, trial in 1896 patients with COPD designed to 
show the benefit of BGF over the two double combinations (BFF and GFF). Patients were 

 
o-primary endpoints were change from baseline in 

FEV1 AUC0-4 (BGF vs. BFF) at week 24 to show the contribution of GP and change from baseline 
in trough FEV1 (BGF vs. GFF) at week 24 to show the contribution of BD. The results of Trial 06 
showed a statistically significant increase in FEV1 AUC0-4 for BGF vs. BFF, but results did not 
show a statistically significant increase in trough FEV1 for BGF vs. GFF. Thus, Trial 06 failed to 
demonstrate the contribution of BD in the BGF combination product based on the results of the 
co-primary endpoint. Because of the failure to achieve statistical significance in the co-primary 
endpoint, all secondary endpoints are considered not statistically significant, including 
exacerbation rate and SGRQ.  Of note, the exacerbation rate for comparison of BGF vs. GFF 
(contribution of BD) was numerically favorable. 
 
Trial 05 was a 52 week, randomized, double-blind, parallel-group trial in 8588 patients with 
COPD designed to show the benefit of BGF over the two double combinations (BFF and GFF).  
Patients were randomized to 

The trial included the following 2 sub-studies: a PFT 
sub-study and a 24-hour Holter Monitoring sub-study. The primary endpoint was the rate of 
moderate or severe COPD exacerbations, with an acceptable definition for COPD exacerbations. 
The results of Trial 05 showed a stasticially significant difference in the rate of moderate or 
severe COPD exacerbations for BGF 320/14.4/9.6   compared to GFF and BFF, demonstrating 
the contribution of both the BD and GP components, respectively. Secondary endpoints were 
supportive, including SGRQ.  In this trial, the lower dose of BGF (160/14.4/9.6 ) was also 
statistically significant compared to GFF and BFF.  However, some secondary endpoints (e.g. 
mortality) numerically favored the higher dose.  In addition, Trial 06 only included the higher 
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dose of BGF (320/14.4/9.6 ), providing more safety and efficacy data for the higher dose.  
  

 
Review of the safety data from this development program did not identify a new safety signal. 
ICS, LABA, and LAMA are well-established therapeutic classes in patients with COPD. The safety 
findings were consistent with the known safety profile of these therapeutic classes. 
 
With the submission of Trial 05, the Applicant has demonstrated substantial evidence of 
efficacy of BGF for the treatment of patients with COPD.   The program showed that BGF 
demonstrates an improvement in lung function, reduces COPD exacerbations, and has a 
favorable impact on SGRQ.  BGF will provide another treatment option for patients with COPD.  
The regulatory action is Approval.   
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15 Appendices 
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5. Probability and determinants of relapse after discontinuation of inhaled corticosteroids in 
patients with COPD treated in general practice.  Schermer TR, Hendriks AJ, Chavannes NH, et 
al. 2004, Prim Care Respir J, Vol. 13, pp. 48-55. 
6. Withdrawal of fluticasone propionate from combined salmeterol/fluticasone treatment in 
patients with COPD causes immediate and sustained disease deterioration: a randomised 
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15.2. Financial Disclosure 

Covered Clinical Study (Name and/or Number): PT001005 
 

Was a list of clinical investigators provided:  
 

Yes   No  (Request list from 
Applicant) 

Total number of investigators identified: 3829 

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): 
1 

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 
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influenced by the outcome of the study: 0 

Significant payments of other sorts: 1.  

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in Sponsor of covered study: 0 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements:  

Yes   No  (Request details from 
Applicant) 
 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes   No  (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3)   0    

Is an attachment provided with the 
reason:  

Yes   No  (Request explanation 
from Applicant) 

The research site ( ) where  was a subinvestigator received a grant of 
$589,488.68 USD from AstraZeneca to cover the salary of a research fellow. This was not 
exclusively for the clinical trial. This grant is unlikely to affect interpretation of the study 
due to the randomized, double-blind, active controlled study design, as well as the site 
randomizing 1 study subject out of a total of 8588 subjects. 
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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: June 30, 2020

TO: File for NDA 212122

FROM: Mingyu Xi, PhD

SUBJECT: Primary Statistical Review

APPLICATION/DRUG: Budesonide/glycopyrrolate/formoterol fumarate metered dose
inhaler (Breztri Aerosphere)

Executive Summary

Astra-Zeneca (AZ) originally submitted an NDA for the fixed dose combination of budesonide
320 mcg, glycopyrrolate 18 mcg, and formoterol fumarate 9.6 mcg (BGF) for the maintenance
treatment of COPD on November 30, 2018. The initial NDA reviewed Trial 06, a single phase 3,
24-week lung function trial comparing BGF to glycopyrrolate 18 mcg/formoterol fumarate 9.6
mcg (GFF, approved under tradename Bevespi Aerosphere) and budesonide 320 mcg/formoterol
fumarate 9.6 mcg (BFF, not approved). This submission received a Complete Response (CR)
action on September 30, 2019 for failure to demonstrate substantial evidence of efficacy and the
contribution of the budesonide to the triple combination based on results of Trial 06. While BGF
demonstrated a statistically significant difference for one of the co-primary endpoints (FEV1
AUC 0-4 hours for BGF vs. BFF), for the other (trough FEV1 for the comparison of BGF vs.
GFF) it failed. All secondary endpoints were not considered statistically significant due to the
Type I error control strategy.

AZ submitted a complete response to CR for BGF on January 23, 2020, which included Trial 05,
a single phase 3, 52-week exacerbation and lung function trial comparing BGF to GFF and BFF
as primary support for efficacy and safety of BGF. Trial 05 demonstrated evidence of efficacy
for exacerbation based on the results of the primary endpoint, rate of moderate or severe
exacerbation. Compared to GFF, BGF showed a statistically significant improvement in the
primary endpoint of rate of moderate or severe COPD exacerbation, with a treatment rate ratio of
0.76 (95% CI: 0.69, 0.83; p<0.0001). BGF also demonstrated a statistically significant
improvement in the primary endpoint compared to unapproved BFF with a treatment rate ratio of
0.87 (95% CI: 0.79, 0.95; p=0.0027). Additionally, BGF showed statistically significant
improvements in the PFT sub-study primary endpoints. Compared to BFF, BGF showed a
statistically significant improvement in the primary PFT sub-study endpoint of FEV1 area under
the curve from 0-4 hours (AUC0-4) at Week 24 (119ml; 95%CI 95, 143mL; p<0.0001).
Compared to GFF, BGF showed a statistically significant change from the mean baseline in
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morning predose trough FEV1 at Week 24 (35ml; 95%CI 12, 57; p=0.0025). Additional
secondary endpoints did not all reach statistical significance, but trended in the direction of
favoring BGF over GFF and BFF.

Trial 05 addressed the deficiencies that led to the CR of Trial 06 in the initial BGF review. Trial
05 demonstrated statistically significant results for its primary endpoint of rate of moderate or
severe COPD exacerbation when comparing BGF to GFF and BFF. Trial 05 was able to support
the overall efficacy of BGF, as well as demonstrate that budesonide and glycopyrrolate both
contribute to the triple combination in terms of exacerbation and bronchodilation. 

My primary statistical review is complete and has been added to the multidisciplinary review and 
evaluation document. My review is based on the information currently in the administrative 
record.  If I must review information that is subsequently added to the administrative record, I 
will update my part of the multidisciplinary review and evaluation document accordingly. The 
statistical reviewer recommends Approval, pending finalization of labeling language with the 
Applicant. Refer to the Multi-Disciplinary Review and Evaluation for details.

Reference ID: 4634709



--------------------------------------------------------------------------------------------
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.
--------------------------------------------------------------------------------------------
/s/
------------------------------------------------------------

MINGYU XI
07/01/2020 03:29:00 PM

YONGMAN KIM
07/01/2020 03:31:54 PM

Signature Page 1 of 1

Reference ID: 4634709



DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Food and Drug Administration
Center for Drug Evaluation and Research 
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 30, 2020
TO: File for NDA 212122
FROM: Aishah Ali, MD
SUBJECT: Primary Clinical Review
APPLICATION/DRUG: Budesonide/glycopyrrolate/formoterol fumarate metered dose 
inhaler (Breztri Aerosphere)

Executive Summary

Astra-Zeneca (AZ) originally submitted an NDA for the fixed dose combination of budesonide 
320 mcg, glycopyrrolate 18 mcg, and formoterol fumarate 9.6 mcg (BGF) for the maintenance 
treatment of COPD on November 30, 2018. The initial NDA reviewed Trial 06, a single phase 3, 
24-week lung function trial comparing BGF to glycopyrrolate 18 mcg/formoterol fumarate 9.6 
mcg (GFF, approved under tradename Bevespi Aerosphere) and budesonide 320 mcg/formoterol 
fumarate 9.6 mcg (BFF, not approved). This submission received a Complete Response (CR) 
action on September 30, 2019 for failure to demonstrate substantial evidence of efficacy and the 
contribution of the budesonide to the triple combination based on results of Trial 06. While BGF 
demonstrated a statistically significant difference for one of the co-primary endpoints (FEV1 
AUC 0-4 hours for BGF vs. BFF), for the other (trough FEV1 for the comparison of BGF vs. 
GFF) it failed. All secondary endpoints were not considered statistically significant due to the 
Type I error control strategy. 

AZ submitted a complete response to CR for BGF on January 23, 2020, which included Trial 05, 
a single phase 3, 52-week exacerbation and lung function trial comparing BGF to GFF and BFF 
as primary support for efficacy and safety of BGF. Trial 05 demonstrated evidence of efficacy 
for exacerbation based on the results of the primary endpoint, rate of moderate or severe 
exacerbation. Compared to GFF, BGF showed a statistically significant improvement in the 
primary endpoint of rate of moderate or severe COPD exacerbation, with a treatment rate ratio of 
0.76 (95% CI: 0.69, 0.83; p<0.0001). BGF also demonstrated a statistically significant 
improvement in the primary endpoint compared to unapproved BFF with a treatment rate ratio of 
0.87 (95% CI: 0.79, 0.95; p=0.0027). Additionally, BGF showed statistically significant 
improvements in the PFT sub-study primary endpoints. Compared to BFF, BGF showed a 
statistically significant improvement in the primary PFT sub-study endpoint of FEV1 area under 
the curve from 0-4 hours (AUC0-4) at Week 24 (119ml; 95%CI 95, 143mL; p<0.0001). 
Compared to GFF, BGF showed a statistically significant change from the mean baseline in 
morning predose trough FEV1 at Week 24 (35ml; 95%CI 12, 57; p=0.0025). Additional 
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secondary endpoints did not all reach statistical significance, but trended in the direction of 
favoring BGF over GFF and BFF. 

Trial 05 addressed the deficiencies that led to the CR of Trial 06 in the initial BGF review. Trial 
05 demonstrated statistically significant results for its primary endpoint of rate of moderate or 
severe COPD exacerbation when comparing BGF to GFF and BFF. Trial 05 was able to support 
the overall efficacy of BGF, as well as demonstrate that budesonide and glycopyrrolate both 
contribute to the triple combination in terms of exacerbation and bronchodilation. Safety findings 
for BGF were consistent with the known safety profile of other COPD products in the same 
classes. Taken together, the results of Trial 05, along with supportive results of Trials 06/08, 
Trial 02, and Trial 03, demonstrated substantial evidence of effectiveness on exacerbation and 
lung function and contribution of all mono-components.

The primary clinical review recommends Approval.

My primary clinical review is complete and has been added to the NDA Multi-Disciplinary 
Review and Evaluation, which will be uploaded to DARRTS when it is finalized.  My review is 
based on the information currently in the administrative record.  If I must review information that 
is subsequently added to the administrative record, I will update my part of the multidisciplinary 
review and evaluation document accordingly. The primary clinical reviewer recommends 
Approval of this NDA.  
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 aluminum can sealed with a retention type metering 
valve, collectively referred to as the canister. The system delivers a metered dose 
per actuation. Each MDI is individually wrapped in a foil laminate pouch containing 
desiccant for moisture protection. The container closure system has multiple plastic and 
elastomeric components from which monomer/additives could leach into the drug 
product formulation.

Figure 1: Schematic Drawing of BGF MDI Container Closure System

Below is a side-by-side comparison of the To-Be-Marketed BGF-MDI and the approved 
GFF MDI noting the minor differences between the two CCS. The main changes of the 
to-be-marketed device and device approved under NDA 208294 are:

 Color changes of actuator dust cap (orange to grey) 
 Tightening of the SOD (from )
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(b) (4)

(b) (4)

(b) (4)







NDA # 212122 Reviewer Ijeoma Uzoma, PhD

11

formulation to the approved GFF MDI (NDA 208294). The PharmTox reviewer for the 
GFF MDI product (NDA 208294), Dr. Luqi Pei, was also consulted. Dr. Pei stated that 
there is little safety concern for extractables and leachables from the BGF MDI product 
given the device and excipients are the same as the marketed GFF MDI product (emailed 
dated 3/21/2018).

3 Studies Submitted

3.1 Studies Reviewed
NDA 212122:
3.2.P.2. Pharmaceutical Development Attachment 3
P.8.1A Stability Summary for Drug Product – BGF MDI 160, 120 Inhalations

NDA 208294:
3.2.P.2. Pharmaceutical Development Attachment 4- Controlled Extraction Studies
3.2.P.2. Pharmaceutical Development Attachment 5- Characterization of Foreign 
Particles
3.2.P.8.3.1 Stability Data
3.2.P.8.3 Stability Data – GFF MDI, 28 Inhalations
3.2.P.8.1 Stability Summary and Conclusions

3.2 Studies Not Reviewed
None

3.3 Previous Reviews Referenced
Pharmacology and Toxicology Review of NDA 208294 for BEVESPI AEROSPHERE 
(Combination of formoterol and glycopyrrolate) by Dr. Luqi Pei dated March 10, 2016.
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HPLC 12 months-
Batch 3H024A, 
30°C/75%RH - 

Valve-Down
GC-MS 6 months-    

Batch 3H023A, 
40°C/75%RH - 

Valve-Down

Foreign particulates
Particles found from GFF MDIs, after actuation and subsequent dissolution of 
formulation, were characterized using Raman and Scanning Electron Microscopy (SEM) 
with Energy Dispersive X-Ray Spectroscopy (EDS). The main types of particles 
identified in this investigation originated from the valve  

. Other identified particles have 
traced back to the dose indicator, process equipment and materials handling 
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The stability conditions tested were 25ºC/60% RH (Zone II; long term), and 40ºC/75% 
RH (accelerated). Stability testing was conducted through 24 months for the “long term” 
stability condition and through 6 months for the “accelerated” storage condition (Table 
14). 

Table 13: BGF MDI drug product description for lots used on stability

(Excerpted from the Sponsor’s submission)

Table 14: BGF MDI drug product stability data

(Excerpted from the Sponsor’s submission)

Results:

Leachables by GC-MS:

Total Unspecified Leachables:

Total unspecified leachables (sum of all unknowns) detected at or above the PQRI 
determined analytical evaluation threshold (AET) of /canister (formula shown 
below) as well as any unspecified identified compounds were evaluated. The potential 
daily exposure of total unspecified leachables was /day, which was considered 
acceptable based upon the Product Quality Research Institute (PQRI) qualification 
threshold of 5 µg/day for non-genotoxic chemicals. 
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(The Sponsor used 8 actuations/day vs. the intended 4 actuations/day for BGF MDI)

Where total unspecified leachables exceeded the AET, the unknown compounds were 
identified by NIST library match, in conjunction with analysis of the appropriate 
reference materials, to be small  

 
 

 
 

The highest concentration of an  species ( ) was observed in both 
batches E15-205 and E15-224 at the 6-month time point for the 40°C/75%RH condition 
at a concentration of canister. The highest concentration of , 
was observed in batch E15-205 at the 18-month time point for the 25°C/65%RH (long 
term) condition at a concentration of canister. The potential daily exposure of the 

 was /day, which was considered acceptable based 
upon the Product Quality Research Institute (PQRI) qualification threshold of 5 µg/day 
for non-genotoxic chemicals. 

Leachables by HPLC

The  (predominantly ) were observed in all four registration 
batches at similar levels and similar increase with temperature and time. The leachables 
stability data showed a peak concentration of approximately /canister for  

 at the 6-month time point in batch E15-215 under accelerated (40ºC/75% 
RH) storage condition, resulting in a potential daily exposure of  at  

/day, which was considered acceptable based upon the PQRI qualification threshold 
of 5 µg/day for non-genotoxic chemicals.

Total unspecified leachables by HPLC (sum of all unknowns or unspecified) included 
the sum of all unknowns or unspecified identified compounds detected at or above the 
Sponsor’s method reporting threshold of /canister was evaluated. An unknown at 

 was observed in two of three canisters tested for lot E15-215 at the 6-month 
time point for a 40ºC/75%RH stability condition. The unknown at  was 
observed just above the method reporting threshold at a level of canister and  

/canister for replicate 1 and replicate 2, respectively. An investigation failed to identify 
the unknown leachable.
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Conclusions
For the three registrational batches of GFF MDI, observed leachables were non-
genotoxic and below the TTC of 5 µg/day. No  

 were identified. Levels of  were less 
than the TTC of 5 µg/day. Foreign particles were within acceptable levels. 

For the four registrational batches of BGF MDI, observed leachables were non-
genotoxic and below the TTC of 5 µg/day.

Overall, there appear to be no nonclinical safety concerns for the BGF MDI related to 
leachables, , or foreign particles based upon 
studies with the GFF MDI (NDA 208294) or BGF MDI (NDA 212122). No new safety 
concerns would be expected with the addition of budesonide to the formulation or the 
minor changes to the CCS for BGF MDI (NDA 212122). 
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1 Executive Summary 

1.1 Introduction 

The Applicant has submitted a marketing application for the inhaled triple-combination 
product composed of glycopyrrolate (G), budesonide (B), and formoterol fumarate (F or 
FF) as a treatment for COPD. The Applicant currently markets the combination of 
glycopyrrolate and formoterol under the tradename of Bevespi Aerosphere™ (NDA 
208294) as a treatment for COPD. The inhaled triple-combination product represents 
the addition of budesonide to the approved combination of glycopyrrolate and 
formoterol. The Applicant also markets the combination of formoterol and budesonide 
under the tradename of Symbicort (NDA 21929) for the treatment of asthma and COPD. 
The Applicant has complete nonclinical programs for formoterol and budesonide, which 
were reviewed under the NDA 21929 for Symbicort (Budesonide and Formoterol 
Fumarate) and NDA 20929 for Pulmicort Respules (Budesonide). NDA 212122 is a 
505(b)(2) application where ROBINUL Injection (NDA 17558) and CUVPOSA (NDA 
022571) are reference listed drugs to support the glycopyrrolate program.  
 
The Sponsor, AstraZeneca, has provided proposed product labeling for TRADENAME 
AEROSPHERE BGF MDI (NDA 212122) in the present application for marketing. This 
review evaluated the Applicant’s proposed product labeling for Established 
Pharmacologic Classification (EPC) (under Highlights of Prescribing Information), Use 
in Specific Populations (under Highlights of Prescribing Information), Section 8.1 
(Pregnancy), Section 8.2 (Lactation), Section 12.1 (Mechanism of Action), Section 13.1 
(Nonclinical Toxicology), and Section 13.2 (Animal Toxicology and/or Pharmacology). 
 

1.2 Brief Discussion of Nonclinical Findings 

The nonclinical review of the proposed product label was limited to Established 
Pharmacologic Classification (EPC) under Highlights of Prescribing Information, Use in 
Specific Populations (under Highlights of Prescribing Information), Section 8.1 
(Pregnancy), Section 8.2 (Lactation), Section 12.1 (Mechanism of Action), Section 13.1 
(Nonclinical Toxicology), and Section 13.2 (Animal Toxicology and/or Pharmacology).  
 
Symbicort (NDA 21929) was used as reference for labeling for the individual 
components, budesonide and formoterol fumarate. Bevespi Aerosphere™ (NDA 
208294) was referenced for the mechanism of action of glycopyrrolate. CUVPOSA, an 
approved oral glycopyrrolate product (NDA 022571), was referenced to support 
glycopyrrolate labeling in Section 13.1 for carcinogenicity.   

1.3 Recommendations 

1.3.1 Approvability 

Recommended changes for labeling that describes the results and risk assessment of 
nonclinical studies in Established Pharmacologic Classification (EPC) (under Highlights 
of Prescribing Information), Sections 8.1 (Pregnancy), 8.2 (Lactation), 12.1 (Mechanism 
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 times the MRHDID, respectively. Glycopyrrolate had no effects on the 
physical, functional, and behavioral development of rat pups with exposures up to 

 times the MRHDID  
 
The estimated background risk of major birth defects and miscarriage for the indicated 
population is unknown. In the U.S. general population, the estimated background risk of 
major birth defects and miscarriage in clinically recognized pregnancies is 2-4% and 15-
20%, respectively. 
 
Clinical Considerations 
 
Labor and Delivery: Because of the potential for beta-agonist interference with uterine 
contractility, use of TRADENAME AEROSPHERE during labor should be restricted to 
those patients in whom the benefits clearly outweigh the risks. 
 
Data 
 
Human Data 
Studies of pregnant women have not shown that inhaled budesonide increases the risk 
of abnormalities when administered during pregnancy. The results from a large 
population-based prospective cohort epidemiological study reviewing data from three 
Swedish registries covering approximately 99% of the pregnancies from 1995-1997 
(i.e., Swedish Medical Birth Registry; Registry of Congenital Malformations; Child 
Cardiology Registry) indicate no increased risk for congenital malformations from the 
use of inhaled budesonide during early pregnancy. Congenital malformations were 
studied in 2014 infants born to mothers reporting the use of inhaled budesonide for 
asthma in early pregnancy (usually 10-12 weeks after the last menstrual period), the 
period when most major organ malformations occur. The rate of recorded congenital 
malformations was similar compared to the general population rate (3.8% vs. 3.5%, 
respectively). In addition, after exposure to inhaled budesonide, the number of infants 
born with orofacial clefts was similar to the expected number in the normal population (4 
children vs. 3.3, respectively). 
 
These same data were utilized in a second study bringing the total to 2,534 infants 
whose mothers were exposed to inhaled budesonide. In this study, the rate of 
congenital malformations among infants whose mothers were exposed to inhaled 
budesonide during early pregnancy was not different from the rate for all newborn 
babies during the same period (3.6%). 
 
Animal Data 
 
Budesonide 
 
In a fertility and reproduction study, male rats were subcutaneously dosed for 9 weeks 
and females for 2 weeks prior to pairing and throughout the mating period. Females 
were dosed up until weaning of their offspring.  Budesonide caused a decrease in 
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prenatal viability and viability in the pups at birth and during lactation, along with a 
decrease in maternal body weight gain, at a dose 0.3 times the MRHDID (on a mcg/m2 
basis at maternal subcutaneous doses of 20 mcg/kg/day and above). No such effects 
were noted at a dose 0.08 times the MRHDID (on a mcg/m2 basis at a maternal 
subcutaneous dose of 5 mcg/kg/day). 
 
In an embryo-fetal development study in pregnant rabbits dosed during the period of 
organogenesis from gestation days 6 to 18, budesonide produced fetal loss, decreased 
fetal weight, and skeletal abnormalities at doses 0.75 times the MRHDID (on a mcg/m2 
basis at a maternal subcutaneous dose of 25 mcg/kg/day). In an embryo-fetal 
development study in pregnant rats dosed during the period of organogenesis from 
gestation days 6-15, budesonide produced similar adverse fetal effects at doses 
approximately 8 times the MRHDID (on a mcg/m2 basis at a maternal subcutaneous 
dose of 500 mcg/kg/day). In another embryo-fetal development study in pregnant rats, 
no structural abnormalities or embryocidal effects were seen at doses up to 4 times the 
MRHDID (on a mcg/m2 basis at maternal inhalation doses up to 250 mcg/kg/day). 
 
In a peri-and post-natal development study, rats dosed from gestation day 15 to 
postpartum day 21, budesonide had no effects on delivery, but did affect growth and 
development of offspring. Offspring survival was reduced, and surviving offspring had 
decreased mean body weights at birth and during lactation at doses 0.3 times the 
MRHDID and higher (on a mcg/m2 basis at maternal subcutaneous doses of 20 
mcg/kg/day and higher). These findings occurred in the presence of maternal toxicity. 
 
Formoterol Fumarate 
In a fertility and reproduction study, male rats were orally dosed for 9 weeks and 
females for 2 weeks prior to pairing and throughout the mating period. Females were 
either dosed up to gestation day 19 or up until weaning of their offspring. Males were 
dosed up to 25 weeks. Umbilical hernia was observed in rat fetuses at oral doses 1500 
times and greater than the MRHDID (on a mcg/m2 basis at maternal oral doses of 3000 
mcg/kg/day and higher). Brachygnathia was observed in rat fetuses at a dose 8000 
times the MRHDID (on a mcg/m2 basis at a maternal oral dose of 15,000 mcg/kg/day). 
Pregnancy was prolonged at a dose 8000 times the MRHDID (on a mcg/m2 basis at a 
maternal oral dose of 15,000 mcg/kg/day). Pregnancy was prolonged at a dose 8000 
times the MRHDID (on a mcg/m2 basis at a maternal oral dose of 15,000 mcg/kg/day). 
Fetal and pup deaths occurred at doses approximately 1500 times the MRHDID and 
higher (on a mcg/m2 basis at oral doses of 3000 mcg/kg/day and higher) during 
gestation. 
 
In an embryo-fetal development study in pregnant rats dosed during the period of 
organogenesis from gestation days 6 to 15, no structural abnormalities, embryocidal 
effects, or developmental effects were seen at doses up to 350 times the MRHDID (on a 
mcg/m2 basis with maternal inhalation doses up to 690 mcg/kg/day). 
 
In an embryo-fetal development study in pregnant rabbits dosed during the period of 
organogenesis from gestation days 6 to 18, subcapsular cysts on the liver were 
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observed in the fetuses at a dose 61,000 times the MRHDID (on a mcg/m2 basis with a 
maternal oral dose of 60,000 mcg/kg/day). No teratogenic effects were observed at 
doses up to 3500 times the MRHDID (on a mcg/m2 basis at maternal oral doses up to 
3500 mcg/kg/day). 
 
In a pre- and post-natal development study, pregnant female rats received  
formoterol at oral doses of 0, 210, 840, and 3400 mcg/kg/day from GD 6 through the 
lactation period. Pup survival was decreased from birth to postpartum day 26 at doses 
110 times the MRHDID and higher (on a mcg/m2 basis at maternal oral doses of 210 
mcg/kg/day and higher), although there was no evidence of a dose-response 
relationship. There were no treatment-related effects on the physical, functional, and 
behavioral development of rat pups. 
 
Glycopyrrolate 
In an embryo-fetal development study in pregnant rats dosed during the period of 
organogenesis from gestation days 6 to 17, glycopyrrolate produced no structural 
abnormalities or effects on fetal survival; however, slight reductions of fetal body weight 
in the presence of maternal toxicity at the highest tested dose that was  times the 
MRHDID (on a  basis at a maternal subcutaneous dose of 10,000 mcg/kg/day). 
Fetal body weights were unaffected with doses up to  times the MRHDID (on a

 basis with maternal subcutaneous doses up to 1000 mcg/kg/day). Maternal toxicity 
was observed with doses times the MRHDID and higher (on a  basis with 
maternal subcutaneous doses of 1000 mcg/kg/day and higher).  
 
In an embryo-fetal development study in pregnant rabbits dosed during the period of 
organogenesis from GDs 6 to 18, glycopyrrolate produced no structural abnormalities or 
effects on fetal survival; however, slight reductions of fetal body weight in the presence 
of maternal toxicity at the highest tested dose that was  times the MRHDID (on 
a  basis at a maternal subcutaneous dose of 10,000 mcg/kg/day). Fetal body 
weights were unaffected with doses up to  times the MRHDID (on a  basis 
with maternal subcutaneous doses up to 1000 mcg/kg/day). Maternal toxicity was 
observed with doses  times the MRHDID and higher (on a  basis with 
maternal subcutaneous doses of 1000 mcg/kg/day and higher). 
 
In a pre- and post-natal development study, pregnant female rats received 
glycopyrrolate at doses of 100, 1000, and 10,000 mcg/kg/day from gestation day 6 
through the lactation period. Pup body weight gain was slightly reduced from birth 
through the lactation period at a dose  times the MRHDID (on a mcg/m2 basis 
with a maternal subcutaneous dose of 10,000 mcg/kg/day); however, pup body weight 
gain was unaffected after weaning. There were no treatment-related effects on the 
physical, functional, and behavioral development of pups with doses up to  times 
the MRHDID (on a mcg/m2 basis with maternal subcutaneous doses up to 10,000 
mcg/kg/day).  Maternal toxicity was observed from gestation days 6 to 18 with doses 

 times the MRHDID and higher (on an AUC basis with maternal subcutaneous 
doses of 1000 mcg/kg/day and higher). 
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8.2 Lactation 
 
Risk Summary 
There are no available data on the effects of TRADENAME AEROSPHERE, 
budesonide, glycopyrrolate, or formoterol fumarate on the breastfed child or on milk 
production. Budesonide, like other inhaled corticosteroids, is present in human milk [see 
Data]. There are no available data on the presence of glycopyrrolate or formoterol 
fumarate in human milk. Formoterol fumarate and glycopyrrolate have been detected in 
the plasma of undosed rat pups suckling from exposed dams (see Data). The 
developmental and health benefits of breastfeeding should be considered along with the 
mother's clinical need for TRADENAME AEROSPHERE and any potential adverse 
effects on the breast-fed child from TRADENAME AEROSPHERE or from the 
underlying maternal condition. 
 
Data 
 
Human Data 
 
Human data with budesonide delivered via dry powder inhaler indicates that the total 
daily oral dose of budesonide available in breast milk to the infant is approximately 0.3% 
to 1% of the dose inhaled by the mother . For 
TRADENAME AEROSPHERE, the dose of budesonide available to the infant in breast 
milk, as a percentage of the maternal dose, would be expected to be similar. 
 
There is no available human data for formoterol or glycopyrrolate. 
 
Animal Data 
 
In the fertility and reproduction study in rats, plasma levels of formoterol were measured 
in pups on postnatal day 15 [see Use in Specific Populations (8.1)]. It was estimated 
that the maximum plasma concentration that the pups received from the maternal 
animal, at the highest dose of 15 mg/kg, after nursing was 4.4% (0.24 nmol/L for a litter 
vs. 5.5 nmol/L for the mother). 
 
In the  in rats, plasma levels of glycopyrrolate were 
measured in pups on post-natal day 4. The maximum concentration in the pups was 6% 
of the maternal dose of 10 mg/kg/day (pup plasma concentration of 96 ng/mL at 1 hour 
after dosing corresponded with 1610 ng/mL in the dam at 0.5 hours after dosing). 

 
12 CLINICAL PHARMACOLOGY 
 
12.1 Mechanism of Action 
TRADENAME AEROSPHERE 
 
TRADENAME AEROSPHERE contains budesonide, glycopyrrolate, and formoterol 
fumarate. The mechanisms of action described below for the individual components 
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applies to TRADENAME AEROSPHERE. These drugs represent three different classes 
of medications (a synthetic corticosteroid, an anticholinergic, and a long-acting selective 
beta2-adrenoceptor agonist) that have different effects on clinical, physiological, and 
inflammatory indices of COPD.    
 
Budesonide 
Budesonide is an anti-inflammatory corticosteroid that exhibits potent glucocorticoid 
activity and weak mineralocorticoid activity. In standard in vitro and animal models, 
budesonide has approximately a 200-fold higher affinity for the glucocorticoid receptor 
and a 1000-fold higher topical anti-inflammatory potency than cortisol (rat croton oil ear 
edema assay). As a measure of systemic activity, budesonide is 40 times more potent 
than cortisol when administered subcutaneously and 25 times more potent when 
administered orally in the rat thymus involution assay. 
 
In glucocorticoid receptor affinity studies, the 22R form of budesonide was two times as 
active as the 22S epimer. In vitro studies indicated that the two forms of budesonide do 
not interconvert.   
 
Inflammation is an important component in the pathogenesis of COPD. Corticosteroids 
have a wide range of inhibitory activities against multiple cell types (e.g., mast cells, 
eosinophils, neutrophils, macrophages, and lymphocytes) and mediators (e.g., 
histamine, eicosanoids, leukotrienes, and cytokines) involved in allergic and non–
allergic-mediated inflammation. These anti-inflammatory actions of corticosteroids may 
contribute to their efficacy. 
 

Glycopyrrolate 
Glycopyrrolate is a long-acting antimuscarinic agent which is often referred to as an 
anticholinergic. It has similar affinity to the subtypes of muscarinic receptors M1 to M5. 
In the airways, it exhibits pharmacological effects through inhibition of the M3 receptor 
at the smooth muscle leading to bronchodilation. The competitive and reversible nature 
of antagonism was shown with human and animal origin receptors and isolated organ 
preparations. In preclinical in vitro as well as in vivo studies, prevention of methylcholine 
and acetylcholine-induced bronchoconstrictive effects was dose-dependent and lasted 
more than 12 hours. The clinical relevance of these findings is unknown. The 
bronchodilation following inhalation of glycopyrrolate is predominantly a site-specific 
effect. 
 
Formoterol Fumarate 
Formoterol fumarate is a long-acting selective beta2-adrenergic agonist (beta2-agonist) 
with a rapid onset of action. Inhaled formoterol fumarate acts locally in the lung as a 
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Long-term studies were conducted in mice using oral administration and rats using 
inhalation administration to evaluate the carcinogenic potential of formoterol fumarate. 
 
In a 24-month carcinogenicity study in CD-1 mice, formoterol fumarate at oral doses of 
100 mcg/kg and above (approximately 25 times MRHDID on a mcg/m2 basis) caused a 
dose-related increase in the incidence of uterine leiomyomas. 
 
In a 24-month carcinogenicity study in Sprague-Dawley rats, an increased incidence of 
mesovarian leiomyoma and uterine leiomyosarcoma were observed at the inhaled dose 
of 130 mcg/kg (approximately 65 times the MRHDID on a mcg/m2 basis). No tumors 
were seen at 22 mcg/kg (approximately 10 times the MRHDID on a mcg/m2 basis). 
 
Other beta-agonist drugs have similarly demonstrated increases in leiomyomas of the 
genital tract in female rodents. The relevance of these findings to human use is 
unknown. 
 
Formoterol fumarate was not mutagenic or clastogenic in Ames Salmonella/microsome 
plate test, mouse lymphoma test, chromosome aberration test in human lymphocytes, 
or rat micronucleus test. 
 
A reduction in fertility and/or reproductive performance was identified in male rats 
treated with formoterol at an oral dose of 15,000 mcg/kg, (approximately  times the 
MRHDID on an AUC basis). No such effect was seen at 3,000 mcg/kg (approximately 

 times the MRHDID on a mcg/m2 basis). In a separate study with male rats treated 
with an oral dose of 15,000 mcg/kg (approximately 8000 times the MRHDID on a 
mcg/m2 basis), there were findings of testicular tubular atrophy and spermatic debris in 
the testes and oligospermia in the epididymides. No effect on fertility was detected in 
female rats at doses up to 15,000 mcg/kg (approximately  times the MRHDID on 
an AUC basis). 
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2 Drug Information 

2.1 Drug 

Generic Name: Budesonide, Glycopyrrolate, and Formoterol Fumarate Inhalation 
Aerosol, 120 Inhalations for Budesonide, Glycopyrrolate, and Formoterol Fumarate 
metered dose inhaler, 120 Inhalations (BGF MDI) 
 
Individual Components 
 
Budesonide 
 
CAS Registry Number: 51333-22-3 
 
Generic Name:  Budesonide 
 
Code Name: NA 
 
Chemical Name: (RS)-11b, 16a, 17,21-Tetrahydroxypregna-1,4-diene-3,20-dione cyclic 
16,17-acetal with butyraldehyde 
 
Molecular Formula/Molecular Weight: C25H34O6 / 430.5 g/mol 
 
Structure or Biochemical Description: Budesonide is provided as a mixture of two 
epimers (22R and 22S). 

 
 
Pharmacologic Class: Corticosteroid 
 
Glycopyrrolate 
 
CAS Registry Number (Optional): 596-51-0 
 
Generic Name: Glycopyrrolate (or Glycopyrronium Bromide) 
 
Code Name: NA  
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Pharmacologic Class: Long-acting β2-adrenergic agonist [LABA] 
 

2.2 Relevant INDs, NDAs, BLAs and DMFs 

NDA 21929: Symbicort® MDI (budesonide/formoterol) Inhalation Aerosol 
 
NDA 208294: Bevespi Aerospheres® (formoterol fumarate/glycopyrrolate)  
 
IND 118313: Budesonide, Glycopyrronium, and Formoterol Fumarate Inhalation Aerosol 
(BGF MDI) 
 
IND 101,985: Glycopyrrolate Inhalation Aerosol (GP MDI) as a monoproduct 
 
IND 105,586: Formoterol Fumarate Inhalation Aerosol (FF MDI) as a monoproduct 
 
IND 107,739: Glycopyrrolate and Formoterol Fumarate Inhalation Aerosol (GFF MDI) 
as a dual combination product 
 

2.6 Proposed Clinical Population and Dosing Regimen 

Adult COPD patients will use BGF pMDI twice daily. Each dose consists of two 
actuations. Each actuation of Bevespi releases 9 μg glycopyrrolate, 4.8 μg formoterol 
fumarate, and 160 µg budesonide. This dosing regimen corresponds to the maximum 
recommended human daily inhalation dose (MRHDID) of 36 μg glycopyrrolate, 19.2 μg 
formoterol fumarate, and 640 μg budesonide, respectively. These inhaled doses 
correspond to nominal doses of 0.6 μg/kg/day glycopyrrolate, 0.32 μg/kg/day formoterol 
fumarate, and 10.7 μg/kg/day budesonide on a unit bodyweight basis for a 60-kg 
patient. 
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of TRADENAME AEROSPHERE during 
labor should be restricted to those 
patients in whom the benefits clearly 
outweigh the risks. 
 
 
 
Human Data 
 
Studies of pregnant women have not 
shown that inhaled budesonide increases 
the risk of abnormalities when 
administered during pregnancy. The 
results from a large population-based 
prospective cohort epidemiological study 
reviewing data from three Swedish 
registries covering approximately 99% of 
the pregnancies from 1995-1997 (i.e., 
Swedish Medical Birth Registry; Registry 
of Congenital Malformations; Child 
Cardiology Registry) indicate no 
increased risk for congenital 
malformations from the use of inhaled 
budesonide during early pregnancy. 
Congenital malformations were studied in 
2014 infants born to mothers reporting 
the use of inhaled budesonide for asthma 
in early pregnancy (usually 10-12 weeks 
after the last menstrual period), the period 
when most major organ malformations 
occur. The rate of recorded congenital 
malformations was similar compared to 
the general population rate (3.8% vs. 
3.5%, respectively). In addition, after 
exposure to inhaled budesonide, the 
number of infants born with orofacial 
clefts was similar to the expected number 
in the normal population (4 children vs. 
3.3, respectively). 
 
 
These same data were utilized in a 
second study bringing the total to 2,534 
infants whose mothers were exposed to 
inhaled budesonide. In this study, the rate 
of congenital malformations among 

TRADENAME AEROSPHERE during 
labor should be restricted to those 
patients in whom the benefits clearly 
outweigh the risks. 
 

Data 

Human Data 

Studies of pregnant women have not 
shown that inhaled budesonide increases 
the risk of abnormalities when 
administered during pregnancy. The 
results from a large population-based 
prospective cohort epidemiological study 
reviewing data from three Swedish 
registries covering approximately 99% of 
the pregnancies from 1995-1997 (i.e., 
Swedish Medical Birth Registry; Registry 
of Congenital Malformations; Child 
Cardiology Registry) indicate no 
increased risk for congenital 
malformations from the use of inhaled 
budesonide during early pregnancy. 
Congenital malformations were studied in 
2014 infants born to mothers reporting 
the use of inhaled budesonide for asthma 
in early pregnancy (usually 10-12 weeks 
after the last menstrual period), the 
period when most major organ 
malformations occur. The rate of 
recorded congenital malformations was 
similar compared to the general 
population rate (3.8% vs. 3.5%, 
respectively). In addition, after exposure 
to inhaled budesonide, the number of 
infants born with orofacial clefts was 
similar to the expected number in the 
normal population (4 children vs. 3.3, 
respectively). 
 
These same data were utilized in a 
second study bringing the total to 2,534 
infants whose mothers were exposed to 
inhaled budesonide. In this study, the 
rate of congenital malformations among 
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In an embryo-fetal development study in 
pregnant rats dosed during the period of 
organogenesis, no  

or developmental effects 
were seen at doses up to  times the 
MRHDID (on a mcg/m2 basis with 
maternal inhalation doses up to  
mcg/kg/day). 
 
 
In an embryo-fetal development study in 
pregnant rabbits dosed during the period 
of organogenesis, subcapsular cysts on 
the liver were observed in the fetuses at a 
dose 61,000 times the MRHDID (on a 
mcg/m2 basis with a maternal oral dose 
of 60,000 mcg/kg/day). No teratogenic 
effects were observed at doses up to 
3500 times the MRHDID (on a mcg/m2 
basis at maternal oral doses up to 3500 
mcg/kg/day). 
 
 
In a pre- and post-natal development 
study, pregnant female rats received  
formoterol  through the 
lactation period. Pup survival was 
decreased from birth to postpartum day 
26 at doses 110 times the MRHDID and 
higher (on a mcg/m2 basis at maternal 
oral doses of 210 mcg/kg/day and 
higher), although there was no evidence 
of a dose-response relationship. There 
were no treatment-related effects on the 
physical, functional, and behavioral 
development of rat pups. 
 
 
 
Glycopyrrolate 

mcg/m2 basis at oral doses of 3000 
mcg/kg/day and higher) during gestation. 

 

 

In an embryo-fetal development study in 
pregnant rats dosed during the period of 
organogenesis from gestation days 6 to 
15, no structural abnormalities, 
embryocidal effects, or developmental 
effects were seen at doses up to 350 
times the MRHDID (on a mcg/m2 basis 
with maternal inhalation doses up to 690 
mcg/kg/day). 

In an embryo-fetal development study in 
pregnant rabbits dosed during the period 
of organogenesis from gestation days 6 to 
18, subcapsular cysts on the liver were 
observed in the fetuses at a dose 61,000 
times the MRHDID (on a mcg/m2 basis 
with a maternal oral dose of 60,000 
mcg/kg/day). No teratogenic effects were 
observed at doses up to 3500 times the 
MRHDID (on a mcg/m2 basis at maternal 
oral doses up to 3500 mcg/kg/day). 

 

In a pre- and post-natal development 
study, pregnant female rats received  
formoterol at oral doses of 0, 210, 840, 
and 3400 mcg/kg/day from GD 6 through 
the lactation period. Pup survival was 
decreased from birth to postpartum day 
26 at doses 110 times the MRHDID and 
higher (on a mcg/m2 basis at maternal 
oral doses of 210 mcg/kg/day and 
higher), although there was no evidence 
of a dose-response relationship. There 
were no treatment-related effects on the 
physical, functional, and behavioral 
development of rat pups. 

 
 
Glycopyrrolate 
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In an embryo-fetal development study in 
pregnant rats dosed during the period of 
organogenesis from gestation days 6 to 17, 
glycopyrrolate produced no structural 
abnormalities or effects on fetal survival; 
however, slight reductions of fetal body weight 
in the presence of maternal toxicity at the 
highest tested dose that was 24,000 times the 
MRHDID (on an AUC basis at a maternal 
subcutaneous dose of 10,000 mcg/kg/day). 
Fetal body weights were unaffected with doses 
up to 1400 times the MRHDID (on an AUC 
basis with maternal subcutaneous doses up to 
1000 mcg/kg/day). Maternal toxicity was 
observed with doses 1400 times the MRHDID 
and higher (on an AUC basis with maternal 
subcutaneous doses of 1000 mcg/kg/day and 
higher).  

In an embryo-fetal development study in 
pregnant rabbits dosed during the period of 
organogenesis from gestation day 6 to 18, 
glycopyrrolate produced no structural 
abnormalities or effects on fetal survival; 
however, slight reductions of fetal body weight 
in the presence of maternal toxicity at the 
highest tested dose that was 39,000 times the 
MRHDID (on an AUC basis at a maternal 
subcutaneous dose of 10,000 mcg/kg/day). 
Fetal body weights were unaffected with doses 
up to 3000 times the MRHDID (on an AUC 
basis with maternal subcutaneous doses up to 
1000 mcg/kg/day). Maternal toxicity was 
observed with doses 3000 times the MRHDID 
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with the mother's clinical need for 
TRADENAME AEROSPHERE and any 
potential adverse effects on the breast-
fed child from TRADENAME 
AEROSPHERE or from the underlying 
maternal condition. 
 
Data 
 
Human Data 
Human data with budesonide delivered 
via dry powder inhaler indicates that the 
total daily oral dose of budesonide 
available in breast milk to the infant is 
approximately 0.3% to 1% of the dose 
inhaled by the mother. For TRADENAME 
AEROSPHERE, the dose of budesonide 
available to the infant in breast milk, as a 
percentage of the maternal dose, would 
be expected to be similar. 
 
 
There is no available human data for 
formoterol or glycopyrrolate. 
 
 
Animal Data 
 
In the fertility and reproduction study in 
rats, plasma levels of formoterol were 
measured in pups on postnatal day 15. It 
was estimated that the maximum plasma 
concentration that the pups received from 
the maternal animal, at the highest dose 
of 15 mg/kg, after nursing was 4.4% (0.24 
nmol/L for a litter vs. 5.5 nmol/L for the 
mother). 
 
 
In the reproductive/developmental toxicity 
study in rats, plasma levels of 
glycopyrrolate were measured in pups on 
post-natal day 4. The maximum 
concentration in the pups was 6% of the 
maternal dose of 10 mg/kg/day (pup 
plasma concentration of 96 ng/mL at 1 

along with the mother's clinical need for 
TRADENAME AEROSPHERE and any 
potential adverse effects on the breast-
fed child from TRADENAME 
AEROSPHERE or from the underlying 
maternal condition. 
Data 

Human Data 

Human data with budesonide delivered 
via dry powder inhaler indicates that the 
total daily oral dose of budesonide 
available in breast milk to the infant is 
approximately 0.3% to 1% of the dose 
inhaled by the mother

. For TRADENAME 
AEROSPHERE, the dose of budesonide 
available to the infant in breast milk, as a 
percentage of the maternal dose, would 
be expected to be similar. 
There is no available human data for 
formoterol or glycopyrrolate. 
 

Animal Data 

In the fertility and reproduction study in 
rats, plasma levels of formoterol were 
measured in pups on postnatal day 15 
[see Use in Specific Populations (8.1)]. It 
was estimated that the maximum plasma 
concentration that the pups received from 
the maternal animal, at the highest dose 
of 15 mg/kg, after nursing was 4.4% 
(0.24 nmol/L for a litter vs. 5.5 nmol/L for 
the mother). 
 

In the  
study in rats, plasma levels of 
glycopyrrolate were measured in pups on 
post-natal day 4. The maximum 
concentration in the pups was 6% of the 
maternal dose of 10 mg/kg/day (pup 
plasma concentration of 96 ng/mL at 1 
hour after dosing corresponded with 1610 
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hour after dosing corresponded with 1610 
ng/mL in the dam at 0.5 hours after 
dosing). 

ng/mL in the dam at 0.5 hours after 
dosing). 

 
 
Nonclinical Comments Section 8.1 (Pregnancy) and 8.2 (Lactation) 
 
Risk Summary changes (Section 8.1): 
To comply with the PLLR, additional detail was added to the Risk Summary regarding 
the relevancy of findings in nonclinical reproductive toxicity studies to a pregnant 
woman and the fetus as well as additional details of the nonclinical reproductive toxicity 
studies (e.g., days of drug administration during gestation and/or lactation, results of the 
pre- and post-natal development study). 
 
The numerical dose (mg/m2) or exposure (AUC) multiples for findings with budesonide, 
glycopyrrolate, and formoterol fumarate in nonclinical reproductive toxicology studies 
with rats and rabbits were reported relative to the MRHDID. Corrections to multiples 
were made as detailed in the labeling and tables (spreadsheets). 
 
  
 
Animal Data (Section 8.1):  
Budesonide: 
The description of nonclinical reproductive toxicity studies as well as clinical studies with 
budesonide from the Symbicort label were incorporated into the recommended label.  
 
The numerical values for dose margins were added in cases where previously there 
was a notation that the nonclinical dose was less than MRHDID. 
 
Formoterol Fumarate: 
The description of nonclinical reproductive toxicity studies with formoterol fumarate from 
the Symbicort label were incorporated into the recommended label.  
 
The numerical values for dose margins were recalculated. 
 
Glycopyrrolate: 
The description of the fertility study in rats was moved to Section 13.1. 
 
Descriptions of the Sponsor’s nonclinical reproductive toxicity (EFD and PPND) studies 
with glycopyrrolate, provided in the current submission, were added to the label. 
 
Exposure margins were changed from a mcg/m2 basis to AUC basis for the EFD studies 
with glycopyrrolate in rats and rabbits.  
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inhibitory activities against multiple cell 
types (e.g., mast cells, eosinophils, 
neutrophils, macrophages, 
and lymphocytes) and mediators (e.g., 
histamine, eicosanoids, leukotrienes, and 
cytokines) involved in allergic and non–
allergic-mediated inflammation. These 
anti-inflammatory actions of 
corticosteroids may contribute to their 
efficacy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Glycopyrrolate 
 
Glycopyrrolate is a long-acting 
antimuscarinic agent which is often 
referred to as an anticholinergic. It 
has similar affinity to the subtypes of 
muscarinic receptors M1 to M5. In the 
airways, it exhibits pharmacological 
effects through inhibition of the M3 
receptor at the smooth muscle leading to 
bronchodilation. The competitive and 
reversible nature of antagonism was 
shown with human and animal 
origin receptors and isolated organ 
preparations. In preclinical in vitro as well 
as in vivo studies, prevention of 
methylcholine and acetylcholine-induced 
bronchoconstrictive effects was dose-
dependent and lasted more than 12 
hours. The clinical relevance of these 
findings is unknown. The bronchodilation 

inhibitory activities against multiple cell 
types (e.g., mast cells, eosinophils, 
neutrophils, macrophages, and 
lymphocytes) and mediators (e.g., 
histamine, eicosanoids, leukotrienes, 
and cytokines) involved in allergic and 
non–allergic-mediated inflammation. 
These anti-inflammatory actions of 
corticosteroids may contribute to their 
efficacy. 
 

 

Glycopyrrolate 

Glycopyrrolate is a long-acting 
antimuscarinic agent which is often 
referred to as an anticholinergic. It has 
similar affinity to the subtypes of 
muscarinic receptors M1 to M5. In the 
airways, it exhibits pharmacological 
effects through inhibition of the M3 
receptor at the smooth muscle leading to 
bronchodilation. The competitive and 
reversible nature of antagonism was 
shown with human and animal origin 
receptors and isolated organ 
preparations. In preclinical in vitro as 
well as in vivo studies, prevention of 
methylcholine and acetylcholine-induced 
bronchoconstrictive effects was dose-
dependent and lasted more than 12 
hours. The clinical relevance of these 
findings is unknown. The bronchodilation 
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following inhalation of glycopyrrolate is 
predominantly a site-specific effect. 
 
 

 

Formoterol Fumarate 

Formoterol fumarate is a long-acting 
selective beta2-adrenergic agonist (beta2-
agonist) with a rapid onset of action. 
Inhaled formoterol fumarate acts locally in 
the lung as a bronchodilator. In vitro 
studies have shown that formoterol has 
more than 200- old greater agonist 
activity at beta2-receptors than at beta1- 
receptors. The in vitro binding selectivity 
to beta2- over beta1-adrenoceptors is 
higher for formoterol than for albuterol (5 
times), whereas salmeterol has a higher 
(3 times) beta2-selectivity ratio than 
formoterol. 
 
Although beta2-receptors are the 
predominant adrenergic receptors in 
bronchial smooth muscle and beta1- 
receptors are the predominant receptors 
in the heart, there are also beta2-
receptors in the human heart 
comprising 10% to 50% of the total beta-
adrenergic receptors. The precise 
function of these receptors has 
not been established, but they raise the 
possibility that even highly selective 
beta2-agonists may have 
cardiac effects. 
 
The pharmacologic effects of beta2-
adrenoceptor agonist drugs, including 
formoterol fumarate, are at least 
in part attributable to stimulation of 
intracellular adenyl cyclase, the enzyme 
that catalyzes the conversion 
of adenosine triphosphate (ATP) to cyclic-
3',5'-adenosine monophosphate (cyclic 
AMP). Increased cyclic AMP levels cause 

following inhalation of glycopyrrolate is 
predominantly a site-specific effect. 
 

 

Formoterol Fumarate 

Formoterol fumarate is a long-acting 
selective beta2-adrenergic agonist 
(beta2-agonist) with a rapid onset of 
action. Inhaled formoterol fumarate acts 
locally in the lung as a bronchodilator. In 
vitro studies have shown that formoterol 
has more than 200-fold greater agonist 
activity at beta2-receptors than at 
beta1receptors. The in vitro binding 
selectivity to beta2- over beta1-
adrenoceptors is higher for formoterol 
than for albuterol (5 times), whereas 
salmeterol has a higher (3 times) beta2-
selectivity ratio than formoterol. 
 
Although beta2-receptors are the 
predominant adrenergic receptors in 
bronchial smooth muscle and 
beta1receptors are the predominant 
receptors in the heart, there are also 
beta2-receptors in the human heart 
comprising 10% to 50% of the total beta-
adrenergic receptors. The precise 
function of these receptors has not been 
established, but they raise the possibility 
that even highly selective beta2-agonists 
may have cardiac effects. 
 

The pharmacologic effects of beta2-
adrenoceptor agonist drugs, including 
formoterol fumarate, are at least in part 
attributable to stimulation of intracellular 
adenyl cyclase, the enzyme that 
catalyzes the conversion of adenosine 
triphosphate (ATP) to cyclic-3',5'-
adenosine monophosphate (cyclic 
AMP). Increased cyclic AMP levels 
cause relaxation of bronchial smooth 
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13.1 Carcinogenesis, 
Mutagenesis, Impairment of 
Fertility 

 
Budesonide 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13.1 Carcinogenesis, 
Mutagenesis, Impairment of 
Fertility 

No studies of carcinogenicity, 
mutagenicity, or impairment of fertility 
were conducted with TRADENAME 
AEROSPHERE; however, separate 
studies of budesonide, glycopyrrolate, and 
formoterol fumarate are described below. 

 

 

 

Budesonide 

Long-term studies were conducted 
in rats and mice using oral 
administration to evaluate the 
carcinogenic potential of 
budesonide.  
 

In a 2-year study in Sprague-
Dawley rats, budesonide caused 
a statistically significant increase 
in the incidence of gliomas in 
male rats at an oral dose of 50 
mcg/kg (approximately equivalent 
to the MRHDID in adults and 
children on a mcg/m2 basis). No 
tumorigenicity was seen in male 
and female rats at respective oral 
doses up to 25 and 50 mcg/kg 
(approximately equivalent to the 
MRHDID in adults and children on 
a mcg/m2 basis).  

In two additional 2-year studies in 
male Fischer and Sprague-
Dawley rats, budesonide caused 
no gliomas at an oral dose of 50 
mcg/kg (approximately 
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Glycopyrrolate 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Glycopyrrolate was not mutagenic in the 

 in 
vitro mammalian cell micronucleus assay 
in TK6 cells or in vivo micronucleus 
assay in rats. 

subcutaneous doses of 20 mcg/kg and 
above (0.3 times the MRHDID on a 
mcg/m2 basis). No such effects were 
noted at 5 mcg/kg (0.08 times the 
MRHDID on a mcg/m2 basis). 
 

Glycopyrrolate 

Long-term studies were conducted 
in mice using inhalation 
administration and rats using oral 
administration to evaluate the 
carcinogenic potential of 
glycopyrrolate. 

In a 24-month inhalation carcinogenicity 
study in B6C3F1 mice, glycopyrrolate 
produced no evidence of tumorigenicity 
when administered to males or females at 
doses up to 705 and 335 mcg/kg/day, 
respectively (approximately 95 and 45 
times the MRHDID of glycopyrrolate on a 
mcg/m2 basis, respectively). 
 
In a 24-month carcinogenicity study in 
rats, glycopyrrolate produced no evidence 
of tumorigenicity when administered to 
males or females by oral gavage at 
dosages up to 40,000 mcg/kg/day 
(approximately 11,000 times the MRHDID 
of glycopyrrolate on a mcg/m2 basis). 
 

Glycopyrrolate was not mutagenic or 
clastogenic in the Ames 
Salmonella/microsome plate test, in 
vitro mammalian cell micronucleus 
assay in TK6 cells, or in vivo 
micronucleus assay in rats. 

Fertility and reproductive performance 
indices were unaffected in male and 
female rats that received glycopyrrolate by 
the subcutaneous route at doses up to 
10,000 µg/kg/day (approximately  
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In a 24-month carcinogenicity study in 
mice, formoterol fumarate at oral doses of 
100 mcg/kg and above (approximately 25 
times MRHDID on a mcg/m2 basis) 
caused a dose-related increase in the 
incidence of uterine leiomyomas. 
 
 
In a 24-month carcinogenicity study in 
rats, an increased incidence of 
mesovarian leiomyoma and uterine 
leiomyosarcoma were observed at the 
inhaled dose of 130 mcg/kg 
(approximately 65 times the MRHDID 
on a mcg/m2 basis). No tumors were 
seen at 22 mcg/kg (approximately 10 
times the MRHDID on a mcg/m2 basis). 
 
 
Other beta-agonist drugs have similarly 
demonstrated increases in leiomyomas of 
the genital tract in female rodents. The 
relevance of these findings to human use 
is unknown. 
 
 
Formoterol fumarate was not mutagenic 
or clastogenic in Ames 
Salmonella/microsome plate test, mouse 
lymphoma test, chromosome aberration 
test in human lymphocytes, or rat 
micronucleus test. 
 
 

 times, respectively, the 
MRHDID on an AUC basis). 
 

Formoterol Fumarate 

Long-term studies were conducted 
in mice using oral administration and 
rats using inhalation administration 
to evaluate the carcinogenic 
potential of formoterol fumarate. 

In a 24-month carcinogenicity study 
in CD-1 mice, formoterol fumarate at 
oral doses of 100 mcg/kg and above 
(approximately 25 times MRHDID 
on a mcg/m2 basis) caused a dose-
related increase in the incidence of 
uterine leiomyomas. 

In a 24-month carcinogenicity study 
in Sprague-Dawley rats, an 
increased incidence of mesovarian 
leiomyoma and uterine 
leiomyosarcoma were observed at 
the inhaled dose of 130 mcg/kg 
(approximately 65 times the 
MRHDID on a mcg/m2 basis). No 
tumors were seen at 22 mcg/kg 
(approximately 10 times the 
MRHDID on a mcg/m2 basis). 

Other beta-agonist drugs have 
similarly demonstrated increases in 
leiomyomas of the genital tract in 
female rodents. The relevance of 
these findings to human use is 
unknown. 

Formoterol fumarate was not 
mutagenic or clastogenic in Ames 
Salmonella/microsome plate test, 
mouse lymphoma test, chromosome 
aberration test in human 
lymphocytes, or rat micronucleus 
test. 
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Preclinical Labeling Calculations Printed 9/16/2019

Drug: Formoterol Fumarate- Breztri (BGF pMDI)

# daily
age mg/dose doses mg/day kg mg/kg factor mg/m²

Pediatric 0 18 0.0000 25 0.00
Adult >12 0.0096 2 0.019 60 0.0003 37 0.01

conv. Dose Ratio Rounded Dose Ratio
route mg/kg/d factor mg/m² Adults Children Adults Children

Carcinogenicity:
mouse oral 0.1 3 0.3 25.34 --- 25 --- 

rat 6 0 --- --- --- --- 
hamster 4 0 --- --- --- --- 

rat inhaled 0.022 6 0.132 11.15 --- 10 --- 
rat inhaled 0.13 6 0.78 65.88 --- 65 --- 

Reproduction and Fertility:
mouse 3 0 --- N/A --- N/A

rat oral 3 6 18 1520.27 N/A 1500 N/A
rat oral 15 6 90 7601.35 N/A 7600 N/A
rat 6 0 --- N/A --- N/A

Teratogenicity:
mouse 3 0 --- N/A --- N/A
mouse 3 0 --- N/A --- N/A

rat inhalation 0.69 6 4.14 349.66 350
rat oral 0.21 6 1.26 106.42 110
rat oral 3 6 18 1520.27 N/A 1500 N/A
rat 6 0 --- N/A --- N/A
rat 6 0 --- N/A --- N/A

rabbit oral 3.5 12 42 3547.30 3500
rabbit oral 60 12 720 60810.81 61000
rabbit 12 0 --- N/A --- N/A

mouse udies here) 3 0 --- N/A --- N/A
Overdosage:

mouse 3 0 --- --- --- --- 
mouse 3 0 --- --- --- --- 

rat 6 0 --- --- --- --- 
rat 6 0 --- --- --- --- 

Other: (Describe studies here)
dog 20 0 --- --- --- --- 
dog 20 0 --- --- --- --- 
dog 20 0 --- --- --- --- 

extra --- --- --- --- --- --- 
extra --- --- --- --- --- --- 
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Preclinical Labeling Calculations Printed 9/16/2019

Drug: Glycopyrrolate Breztri (BGF pMDI)

# daily
age mg/dose doses mg/day kg mg/kg factor mg/m²

Pediatric 0 18 0.0000 25 0.00
Adult >12 0.018 2 0.036 60 0.0006 37 0.02

conv. Dose Ratio Rounded Dose Ratio
route mg/kg/d factor mg/m² Adults Children Adults Children

Carcinogenicity:
mouse inhalation 0.705 3 2.115 95.27 --- 95 --- 
mouse inhalation 0.335 3 1.005 45.27 --- 45 --- 

rat oral 40 6 240 10810.81 --- 11000 --- 
hamster 4 0 --- --- --- --- 

rat 6 0 --- --- --- --- 
rat 6 0 --- --- --- --- 

Reproduction and Fertility:
mouse 3 0 --- N/A --- N/A

rat 6 0 --- N/A --- N/A
rat 6 0 --- N/A --- N/A
rat 6 0 --- N/A --- N/A

Teratogenicity:
mouse 3 0 --- N/A --- N/A
mouse 3 0 --- N/A --- N/A

rat 6 0 --- --- 
rat 6 0 --- --- 
rat 6 0 --- N/A --- N/A
rat 6 0 --- N/A --- N/A
rat 6 0 --- N/A --- N/A

rabbit 12 0 --- --- 
rabbit 12 0 --- --- 
rabbit 12 0 --- N/A --- N/A

mouse udies here) 3 0 --- N/A --- N/A
Overdosage:

mouse 3 0 --- --- --- --- 
mouse 3 0 --- --- --- --- 

rat 6 0 --- --- --- --- 
rat 6 0 --- --- --- --- 

Other: (Describe studies here)
dog 20 0 --- --- --- --- 
dog 20 0 --- --- --- --- 
dog 20 0 --- --- --- --- 

extra --- --- --- --- --- --- 
extra --- --- --- --- --- --- 
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Preclinical Labeling Calculations Printed 9/16/2019

Drug: Budesonide Breztri (BGF pMDI)

# daily
age mg/dose doses mg/day kg mg/kg factor mg/m²

Pediatric 0 18 0.0000 25 0.00
Adult >12 0.32 2 0.64 60 0.0107 37 0.39

conv. Dose Ratio Rounded Dose Ratio
route mg/kg/d factor mg/m² Adults Children Adults Children

Carcinogenicity:
mouse oral 0.2 3 0.6 1.52 --- 2 --- 

rat 6 0 --- --- --- --- 
hamster 4 0 --- --- --- --- 

rat oral 0.025 6 0.15 0.38 --- 1/3 --- 
rat oral 0.05 6 0.3 0.76 --- 1/1 --- 

Reproduction and Fertility:
mouse 3 0 --- N/A --- N/A

rat s.c. 0.02 6 0.12 0.30 N/A 1/3 N/A
rat s.c. 0.08 6 0.48 1.22 N/A 1 N/A
rat s.c. 0.005 6 0.03 0.08 N/A 1/13 N/A

Teratogenicity:
mouse 3 0 --- N/A --- N/A
mouse 3 0 --- N/A --- N/A

rat inhalation 0.25 6 1.5 3.80 4
rat s.c. 0.5 6 3 7.60 8
rat s.c. 0.025 6 0.15 0.38 N/A 1/3 N/A
rat s.c. 0.02 6 0.12 0.30 N/A 1/3 N/A
rat 6 0 --- N/A --- N/A

rabbit s.c. 0.025 12 0.3 0.76 1/1
rabbit 12 0 --- --- 
rabbit 12 0 --- N/A --- N/A

mouse udies here) 3 0 --- N/A --- N/A
Overdosage:

mouse 3 0 --- --- --- --- 
mouse 3 0 --- --- --- --- 

rat 6 0 --- --- --- --- 
rat 6 0 --- --- --- --- 

Other: (Describe studies here)
dog 20 0 --- --- --- --- 
dog 20 0 --- --- --- --- 
dog 20 0 --- --- --- --- 

extra --- --- --- --- --- --- 
extra --- --- --- --- --- --- 
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Glossary 

AE  adverse event 
AESI  adverse event of special interest 
API  active pharmaceutical ingredient 
AUC  area under the curve 
BD  budesonide 
BFF  budesonide and formoterol fumarate 
BGF  budesonide, glycopyrrolate, and formoterol fumarate 
BMD  bone mineral density 
BWG   body weight gain 
CEC  Clinical Endpoint Committee 
CFR  Code of Federal Regulations 
COPD  chronic obstructive pulmonary disease 
DMF  drug master file 
ECAC  Executive Carcinogenicity Assessment Committee 
ECG  electrocardiogram 
EFD  embryofetal development 
FDC  fixed-dose combination 
FF  formoterol fumarate 
FEV1  forced expiratory volume in 1 second 
GD  gestation day 
GFF  glycopyrrolate and formoterol fumarate 
GP  glycopyrrolate 
HD  high dose 
HFA  hydrofluoroalkane 
HPA  hypothalamic-pituitary-adrenal  
ICS  inhaled corticosteroid 
ICF  informed consent form 
IND  investigational new drug 
ITT  intent to treat 
LABA  long-acting 2-adrenergic receptor agonist 
LAMA  long-acting muscarinic antagonist 
LD  low dose 
MACE  major adverse cardiovascular event 
MCID  minimal clinically important difference 
MDI  metered dose inhaler 
MD  mid dose 
mITT  modified-intent-to-treat 
MRHDID maximum recommended human daily intranasal dose 
NDA  new drug application 
NOAEL  no observable adverse effect level 
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PFT  pulmonary function test 
PK  pharmacokinetic 
PND  postnatal days 
popPK  population pharmacokinetic 
PP  per protocol 
PPND  pre- and postnatal development 
PT  preferred term 
SAE  serious adverse event 
SGRQ  St. George’s Respiratory Questionnaire 
SOC  System Organ Class 
SOD  spray orifice diameters 
TBH  Turbuhaler 
TEAE  treatment emergent adverse event 
TK  toxicokinetic 
URTI  upper respiratory tract infection 
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area under the curve from 0 to 4 hours (AUC0-4) at Week 24 compared to BFF (Table 63), 
showing the contribution of GP to BGF.  Because of the failure to achieve statistical significance 
for both components of the co-primary endpoint, all secondary endpoints are considered not 
statistically significant, including exacerbation rate and St. George’s Respiratory Questionnaire 
(SGRQ).  As such, results from the secondary endpoints could not be used to support efficacy or 
the contribution of BD to BGF.  Therefore, Trial 06 is insufficient to support the efficacy of BGF 
in terms of bronchodilation, exacerbation, and contribution of the BD component to the 
combination.  Furthermore, there is no replicate evidence of efficacy as the Applicant 
submitted only one phase 3 trial for BGF.  
 
The BFF program (Trial 02 and Trial 03) did demonstrate effectiveness in lung function and 
exacerbation.  In the 24-week lung function trial, Trial 02, a statistically significant improvement 
was shown in both co-primary endpoints, which included change from baseline in morning pre-
dose trough FEV1 at Week 24 for the BFF 320/9.6 g versus FF comparison and change from 
baseline in FEV1 AUC0-4 at Week 24 for the BFF 320/9.6 g versus BD comparison.  In Trial 03, 
the BFF 12-week lung function trial, a statistically significant improvement in primary endpoint 
of change from baseline in morning pre-dose trough FEV1 at Week 12 was shown for BFF 
320/9.6 g compared to FF.  In both trials, statistically significant improvements in time to first 
exacerbation were shown for BFF 320/9.6 g compared to FF.  The results of the BFF program 
demonstrate the contribution of BD and FF to the BFF combination and support the use of BFF 
as a comparator in the BGF program.  Results for the BFF trials support the efficacy of BFF 
320/9.6 and its use as an active comparator in the BGF program.  
 
Overall, the Applicant’s application for BGF was dependent on a single trial for efficacy (Trial 06) 
and this trial failed to show a statistically significant improvement in morning pre-dose trough 
FEV1 and exacerbation rate and did not demonstrate a contribution of the BD to BGF.  Though 
there was evidence for efficacy from the BFF program for BFF, substantial evidence of 
effectiveness has not been established for BGF in this application.   
 
To address this deficiency and to meet the level of substantial evidence of effectiveness for 
BGF, the Applicant should submit additional clinical data from at least one trial supporting the 
efficacy of BGF and the contribution of the BD component to the combination.   
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Patient Experience Data 

Patient Experience Data Relevant to this Application (check all that apply) 
 The patient experience data that were submitted as part of the 

application include: 
Section of review where 
discussed, if applicable 

  Clinical outcome assessment (COA) data, such as  
  Patient reported outcome (PRO) Section 8.1 (SGRQ) 

   Observer reported outcome (ObsRO)  
   Clinician reported outcome (ClinRO)  
   Performance outcome (PerfO)  
  Qualitative studies (e.g., individual patient/caregiver 

interviews, focus group interviews, expert interviews, 
Delphi Panel, etc.) 

 

  Patient-focused drug development or other stakeholder 
meeting summary reports 

 

  Observational survey studies designed to capture patient 
experience data 

 

  Natural history studies   
  Patient preference studies (e.g., submitted studies or 

scientific publications) 

 

 Other: (Please specify): 
 

 Patient experience data that were not submitted in the application, but were considered 
in this review: 

  Input informed from participation in meetings with patient 
stakeholders  

 

  Patient-focused drug development or other stakeholder 
meeting summary reports 

 

  Observational survey studies designed to capture patient 
experience data 

 

 Other: (Please specify): 
 

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

Analysis of Condition 

Chronic obstructive pulmonary disease is a common respiratory condition that results in 
significant morbidity and mortality; it is the third leading cause of death in the United States.  
Given its high prevalence and disease burden, maintenance therapy requirements and 
management of acute exacerbations result in a significant societal and economic burden. 
Cigarette smoking is most often associated with the disease, but it is increasingly understood 
that alternative noxious exposures, as well as a variety of host-specific factors, contribute to 
COPD pathogenesis.  

Chronic obstructive pulmonary disease is characterized by persistent respiratory symptoms and 
airflow limitation.  Chronic inflammation resulting from inhaled irritants causes structural 
changes, small airways narrowing, mucociliary dysfunction, and destruction of lung 
parenchyma.  Common symptoms include dyspnea, fatigue, and cough, which often impact a 
patient’s quality of life and ability to perform activities of daily living.  Physical exam findings 
include wheezing, prolonged expiration, diminished breath sounds, and increased chest 
diameter.  Spirometry is used to diagnose COPD.  A FEV1/FVC ratio below 0.7 establishes the 
diagnosis, and percent of predicted FEV1 determines the severity of airflow obstruction.  COPD 
exacerbation history and dyspnea scoring provide an additional layer of formal disease 
assessment. 1  Other diagnostic considerations are increases in lung volume measurements, 
decreased diffusing capacity, decreased pulse oximetry, and evidence of chronic hypercapnia.  
Radiographic studies may reveal changes such as vascular tapering, radiolucency, flattened 
diaphragms, bullous disease, emphysema, thickened airways, and prominent hilar vascularity.    

In conclusion, COPD is a serious disease with societal and individual impacts.  It is a leading 
cause of death globally, and its increasing prevalence and associated morbidity result in 
utilization of healthcare resources and loss of productivity.  It also has significant impact on 
afflicted individuals, leading to reduced quality of life and difficulty performing regular 
activities.  Treatment options are discussed in Section 2.2. 

Analysis of Current Treatment Options 

There are multiple current treatment options for COPD, the majority of which are shown in the 
table below. 

             

1 Global Strategy for the Diagnosis, Management and Prevention of COPD, Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) 2018 at http://goldcopd.org 
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3. Regulatory Background 

U.S. Regulatory Actions and Marketing History 

BGF is not marketed or approved in the United States.  GFF, which contains the same 
LAMA/LABA at the same dose and delivery platform as BGF, was approved on April 25, 2016 
under NDA 208294 with the tradename Bevespi Aerosphere.  GFF is approved for the 

, maintenance treatment of airflow obstruction in patients with COPD, and it does not 
carry an exacerbation indication.  Under this delivery platform, BFF, which contains the same 
ICS/LABA at the same dose as BGF, is not approved, nor are the mono-components BD and FF.  
However, these drug combinations have been approved for COPD in other delivery devices.  
This includes Symbicort (budesonide/formoterol fumarate), Foradil Aerolizer (formoterol 
fumarate, no longer marketed), Perforomist (formoterol), Seebri Neohaler (glycopyrrolate), and 
Lonhala Neohaler (glycopyrrolate).  Additionally, Pulmicort (budesonide) is approved for 
asthma but not COPD. 

Summary of Presubmission/Submission Regulatory Activity 

BGF was studied under investigational new drug (IND) 118313, opened on October 11, 2013.  
Relevant regulatory interactions are summarized below: 
 
Pre-IND Meeting on July 17, 2013 

Written Responses on April 11, 2014 
Advised that a single trial may be adequate for approval of the triple combination if 
both dual combination products demonstrate an added benefit in lung function over 
their respective mono-products and the trial demonstrates robust, clinically meaningful 
efficacy for reduction in exacerbation or other relevant endpoints such as mortality 
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Written Responses on May 18, 2015 

Advised that moderate and severe exacerbations are the events of clinical significance 
to regulatory decision-making 
All exacerbations should also be reported as AEs 

 
Teleconference on September 9, 2016 

The FDA advised that developing fixed-dose triple-combination products based solely on 
a lung function claim will ultimately be a review issue 

 
EOP2 meeting on November 7, 2016 

The FDA agreed with the dose of BD and FF selected for the Phase 3 program 
The Applicant agreed to proceed to Phase 3 with the GP dose that was approved for 
COPD at the time.  

 
Pre-NDA Meeting on March 31, 2017 

The FDA agreed with the Applicant’s proposal to include full study reports and data for 
both BFF and BGF  
The FDA advised that if the BFF development program demonstrates an exacerbation 
benefit, then a lung function benefit for the BGF product may be a viable path to 
registration but would be a review issue 
The FDA did not agree with the ‘efficacy’ estimand as the primary estimand and 
recommend that the primary analyses should target the ‘treatment policy’ estimand 

BFF was studied under IND , opened on July 18, 2014.  Relevant regulatory interactions 
are summarized below: 
 
EOP2 Meeting on October 15, 2015 

The proposed budesonide doses of 320 and 160 μg were considered acceptable by FDA 
The FDA recommended removal of the placebo group in study PT009002 

 
Teleconference on September 9, 2016 

The FDA agreed with an alternative development plan in which the BFF program would 
only pursue a lung function indication in order to qualify as the appropriate ICS/LABA 
comparator in the BGF program 
The FDA stated that development of a fixed-dose triple-combination products solely on 
a lung function claim was a review issue 
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is currently proposed and supported by stability data, however the Applicant will continue the 
stability studies to potentially extend this period to .

The application has provided the results of multiple product development studies to 
demonstrate chemical and physical stability, and robustness of Breztri Aerosphere, and have 
provided information to support labeling statements and patient instructions for use.  The 
Applicant has provided 24 months of long-term, 12 months intermediate, and 6 months of 
accelerated stability data for three primary stability batches each of 120 and 28 actuations 
configuration, along with the supportive in-use and leachables stability data.  The primary 
stability batches of the 120-actuation configuration were also used in the Phase III clinical trials.  
Overall, the stability data submitted by the Applicant supports the proposed shelf-life of 24 
months for all product configurations.  The Applicant has adequately demonstrated in vitro 
comparability of the proposed triple API combination product with the respective dual-therapy 
products used in the clinical studies (GFF and BFF).  Phase 3 clinical studies were conducted 
using drug product with actuator spray orifice diameters (SODs) centered in the range of  

.  However, afterwards, the Applicant narrowed the SOD acceptance criterion to a 
range of .  The narrower range results in a lower propensity for drug/excipient 
deposition in the orifice, which can lead to drug product performance issues if patients fail to 
follow the instructions for weekly cleaning.  The Applicant has adequately bridged the change in 
the SOD acceptance criterion with in vitro performance data.  During the review cycle, three 
information requests were sent to the Applicant, mainly for stability data summaries, 
specification justification, and for modification of the proposed comparability protocols.  The 
Applicant responded adequately, and all drug product-related issues are resolved. 
 
The manufacturing process for the triple combination inhalation aerosol is analogous to what 
was approved for Bevespi Aerosphere under NDA 208294, with the exception of the additional 
API (BD).  In summary, the manufacturing process involves  
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There are twelve manufacturing/testing sites supporting the application.  No pre-approval 
inspections were considered necessary and all sites are found to be acceptable based on 
previous compliance histories. 

Clinical Microbiology 

None 

Devices and Companion Diagnostic Issues

None. 

5. Nonclinical Pharmacology/Toxicology 

Executive Summary 

Introduction 

The Applicant has submitted a marketing application for the inhaled triple-combination product 
composed of glycopyrrolate (G), budesonide (B), and formoterol fumarate (F or FF) as a 
treatment for COPD. The Applicant currently markets the combination of glycopyrrolate and 
formoterol under the tradename of Bevespi Aerosphere™ (NDA 208294) as a treatment for 
COPD. The inhaled triple-combination product represents the addition of budesonide to the 
approved combination of glycopyrrolate and formoterol. The Applicant also markets the 
combination of formoterol and budesonide under the tradename of Symbicort (NDA 21929) for 
the treatment of asthma and COPD.  

During the IND development phase for the inhaled triple-combination products, the Applicant 
was requested to conduct only one nonclinical study, a 90-day inhalation toxicology study in 
dogs with the combination of BGF.  

The Applicant has complete nonclinical programs for formoterol and budesonide, which were 
reviewed under the NDA 21929 for Symbicort (Budesonide and Formoterol Fumarate) and NDA 
20929 for Pulmicort Respules (Budesonide). 
 
In an attempt to support a 505(b)(1) application for the inhaled triple combination, the 
Applicant provided a complete nonclinical program for glycopyrrolate.  In the current 
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application, the Applicant provided a 90-day inhalation toxicology study with BGF in dogs, 
complete reproductive toxicity studies with glycopyrrolate, and 2-year inhalation 
carcinogenicity studies with glycopyrrolate in Sprague-Dawley rats and B6C3F1 mice. The 
Applicant had previously submitted 6-month inhalation toxicology studies with glycopyrrolate 
in rats and dogs, a 90-day inhalation toxicology study in dogs with the combination of 
glycopyrrolate and formoterol, and a complete battery of genetic toxicity studies with 
glycopyrrolate that were reviewed under NDA 208294 for Bevespi Aerosphere. The Applicant 
never conducted their own pharmacology studies with glycopyrrolate, but rather relied on the 
published literature. It is noted that NDA 208294 for Bevespi Aerosphere used the 505(b)(2) 
pathway, which relied on reproductive toxicity studies conducted with glycopyrrolate that are 
described in the label for the reference listed drug, ROBINUL Injection (NDA 17558) as well as 
published literature for the pharmacology of glycopyrrolate. 
 
This review evaluated the reproductive toxicity studies and 2-year inhalation carcinogenicity 
studies in rats and mouse with glycopyrrolate. As described below, the Applicant’s 505(b)(1) 
approach was determined to not be viable given that 2-year inhalation carcinogenicity study in 
rats was considered invalid. As a path forward to avoid repeating the 2-year carcinogenicity 
study with rats, the Applicant administratively changed the application to the 505(b)(2) 
pathway in order to rely on the Agency’s previous findings of safety for glycopyrrolate with the 
reference listed drug, ROBINUL Injection (NDA 17558) and published literature on the 
pharmacology of glycopyrrolate. NDA 212122 is recommended for approval from the 
nonclinical perspective. There are no outstanding nonclinical issues.  
 
Discussion of Nonclinical Findings 

Established pharmacological classifications for glycopyrrolate, budesonide, and formoterol 
fumarate are anticholinergic, corticosteroid, and long-acting beta2-adrenergic agonist, 
respectively. 
 
In the 90-day BGF-triple combination and BFF-dual combination inhalation toxicology study, 
beagle dogs were dosed via face mask inhalation daily for 90 days to assess potential 
toxicological interactions between the three drugs. Females receiving higher doses of G or FF 
were observed with increased heart rate; however, the addition of G to FF (i.e., BGF) did not 
result in any further increases of heart rate observed with either agent alone. The most notable 
histopathology findings were cortical atrophy in the adrenal gland, lymphocyte decrease in the 
tracheobronchial lymph nodes, and hepatocellular alteration in the liver. The observed 
histopathological findings were generally consistent with known corticosteroid class effects of 
budesonide with the exception of the findings in the liver that could be attributed to class 
effects for -adrenergic agonists. There was no evidence of additive or synergistic toxic effects 
when adding budesonide to the approved combination of glycopyrrolate and formoterol (i.e., 
Bevespi Aerosphere). 
 
In a 2-year inhalation carcinogenicity study in mice, treatment with glycopyrrolate had no 
effects on survival of male or female mice up to 104 weeks. Excessive decreases of body weight 
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gain (BWG) were evident for high-dose (HD) males and mid- and HD females that led to the 
exclusion of these groups from the assessment of drug-induced carcinogenicity. The Executive 
Carcinogenicity Assessment Committee (ECAC) determined that there were no statistically 
significant test article-related tumor findings in male mice from the low- and mid-dose groups 
and female mice in the low-dose (LD) group.  
 
The 2-year inhalation carcinogenicity study with Sprague Dawley rats was judged to be 
inadequate by the ECAC due premature termination of all male and female control and drug-
treated groups at 82-weeks. The label will report a description of the 2-year carcinogenicity 
study with glycopyrrolate administered by oral gavage to rats that described in the label for the 
referenced listed drug, CUVPOSA®. 
 
In a fertility and early embryonic development study, glycopyrrolate at subcutaneous doses up 
to 10 mg/kg/day did not affect fertility or reproductive performance (mating and fertility 
indices) in male or female rats. The no observable adverse effect level (NOAEL) for male and 
female mating and fertility was the HD (10 mg/kg/day). 
 
In an embryofetal development (EFD) study in rabbits, treatment with glycopyrrolate by the 
subcutaneous route caused reduced fetal body weights in the HD group (10 mg/kg/day), 
attributable to maternal toxicity. Glycopyrrolate did not cause any structural abnormalities and 
did not affect fetal survival at maternal doses up to 10 mg/kg/day. The NOAEL for EFD toxicity 
was the mid-dose (1 mg/kg/day). 
 
In an EFD study in rats, treatment with glycopyrrolate by the subcutaneous route caused 
reduced fetal body weights in fetuses in the HD group (10 mg/kg/day), attributable to maternal 
toxicity. Glycopyrrolate did not cause any structural abnormalities and did not affect fetal 
survival at maternal doses up to 10 mg/kg/day. The NOAEL for EFD toxicity was the mid-dose (1 
mg/kg/day). 
 
In a rat pre- and postnatal development (PPND) study, mated female rats (F0 generation) were 
treated by the subcutaneous route with glycopyrrolate at doses up to 10 mg/kg/day. Absolute 
body weights of F1 pups in the HD group from birth throughout the lactation period were 
approximately 10% lower relative to the control group but were comparable between control 
and drug-treated groups from postnatal days (PND) 28 to 70. There were no effects on physical 
or neurological development in F1 generation pups. Development of F2 pups from PND 0 to 21 
was unaffected by drug treatment of F0 dams.  The NOAEL for F1 pup development was the HD 
(10 mg/kg/day). 
 
Nonclinical programs for budesonide and formoterol fumarate, owned by the Applicant, include 
pharmacology, ADME, general toxicology, genetic toxicity, carcinogenicity, and reproductive 
toxicity studies. 
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Referenced NDAs, BLAs, DMFs 

NDA 208294: Bevespi Aerosphere™ (formoterol fumarate/glycopyrrolate) 
 
NDA 21929: Symbicort® MDI (budesonide/formoterol) Inhalation Aerosol

IND 118313: Budesonide, Glycopyrronium, and Formoterol Fumarate Inhalation Aerosol (BGF 
MDI) 
 
IND 101,985: Glycopyrrolate Inhalation Aerosol (GP MDI) as a monoproduct 
 
IND 105,586: Formoterol Fumarate Inhalation Aerosol (FF MDI) as a monoproduct 
 
IND 107,739: Glycopyrrolate and Formoterol Fumarate Inhalation Aerosol (GFF MDI)
as a dual combination product 
 

Drug Formulation 

BGF MDI 160 product is 160 μg budesonide, 7.2 μg glycopyrronium, and 4.8 μg formoterol 
fumarate per actuation.  One dose is two actuations from the MDI. It is noted that 7.2 g of 
glycopyrronium is equivalent to 9.0 g glycopyrronium bromide or glycopyrrolate (quaternary 
ammonium bromide salt form of the drug substance). Throughout the review, the drug 
substance will be referred to as glycopyrrolate and concentrations of the drug substance also 
reflect the glycopyrrolate form. The MDI is manufactured at 120, and 28 inhalations. The 
quantity of the drug substances varies based on the number of inhalations per MDI, but the 
metered and delivered dose per actuation are identical across all MDIs. 
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Glycopyrrolate is a long-acting antimuscarinic agent which is often referred to as an 
anticholinergic. It has similar affinity to the subtypes of muscarinic receptors M1 to M5. In the 
airways, it exhibits pharmacological effects through inhibition of the M3 receptor at the smooth 
muscle leading to bronchodilation. The competitive and reversible nature of antagonism was 
shown with human and animal origin receptors and isolated organ preparations. In preclinical 
in vitro as well as in vivo studies, prevention of methylcholine and acetylcholine-induced 
bronchoconstrictive effects was dose-dependent and lasted more than 12 hours. The clinical 
relevance of these findings is unknown. The bronchodilation following inhalation of 
glycopyrrolate is predominantly a site-specific effect. 
 
Formoterol fumarate is a long-acting selective beta2-adrenergic agonist (beta2-agonist) with a 
rapid onset of action. Inhaled formoterol fumarate acts locally in the lung as a bronchodilator. 
In vitro studies have shown that formoterol has more than 200-fold greater agonist activity at 
beta2-receptors than at beta1receptors. The in vitro binding selectivity to beta2-over beta1-
adrenoceptors is higher for formoterol than for albuterol (5 times), whereas salmeterol has a 
higher (3 times) beta2-selectivity ratio than formoterol. 
 
Although beta2-receptors are the predominant adrenergic receptors in bronchial smooth 
muscle and beta1receptors are the predominant receptors in the heart, there are also beta2-
receptors in the human heart comprising 10% to 50% of the total beta-adrenergic receptors. 
The precise function of these receptors has not been established, but they raise the possibility 
that even highly selective beta2-agonists may have cardiac effects. 
 
The pharmacologic effects of beta2-adrenoceptor agonist drugs, including formoterol, are at 
least in part attributable to stimulation of intracellular adenyl cyclase, the enzyme that 
catalyzes the conversion of adenosine triphosphate to cyclic-3', 5'-adenosine monophosphate 
(cyclic AMP). Increased cyclic AMP levels cause relaxation of bronchial smooth muscle and 
inhibition of release of mediators of immediate hypersensitivity from cells, especially from mast 
cells. 
 

 
Budesonide is an anti-inflammatory corticosteroid that exhibits potent glucocorticoid activity 
and weak mineralocorticoid activity. In standard in vitro and animal models, budesonide has 
approximately a 200-fold higher affinity for the glucocorticoid receptor and a 1000-fold higher 
topical anti-inflammatory potency than cortisol (rat croton oil ear edema assay). As a measure 
of systemic activity, budesonide is 40 times more potent than cortisol when administered 
subcutaneously and 25 times more potent when administered orally in the rat thymus 
involution assay. 
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In glucocorticoid receptor affinity studies, the 22R form of budesonide was two times as active 
as the 22S epimer. In vitro studies indicated that the two forms of budesonide do not 
interconvert. 
 
Inflammation is an important component in the pathogenesis of COPD. Corticosteroids have a 
wide range of inhibitory activities against multiple cell types (e.g., mast cells, eosinophils, 
neutrophils, macrophages, and lymphocytes) and mediators (e.g., histamine, eicosanoids, 
leukotrienes, and cytokines) involved in allergic and non–allergic-mediated inflammation. These 
anti-inflammatory actions of corticosteroids may contribute to their efficacy in COPD and 
asthma. 
 

ADME/PK 

The Applicant conducted limited ADME studies with glycopyrrolate. The Applicant conducted 
ADME studies with formoterol fumarate under NDA 21929 for Symbicort and with budesonide 
under NDA 20929 for Pulmicort Respules. 

Toxicology 

General Toxicology 

Study Title: Budesonide: Glycopyrronium: Formoterol Fumarate: pMDI and Budesonide: 
Formoterol Fumarate pMDI: 90-Day Face Mask Inhalation Exposure Study in Male and 
Female Beagle Dogs
Study no.: FY14-148A
Conducting laboratory and location:
Date of study initiation: August 26, 2014
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Glycopyrrolate, lot# 9-ABY-76-1, chemical purity 

98%, 
Formoterol D6, lot# 5-CGJ-61-1, purity 96%
Budesonide D8, lot# 7-JWA-141-2, chemical purity 
98%,  
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Test Article 1 Budesonide, glycopyrronium, formoterol fumarate pMDI (BGF) 
184.97 g budesonide, 8.32 g glycopyrronium, and 5.5 g formoterol fumarate ex valve, 
pressurized metered dose inhaler; (7.2 g glycopyrronium =9.0 g glycopyrrolate) 
Lot: 4H033A10 
 
Test Article 2 Budesonide, formoterol fumarate pMDI (BFF) 
184.97 g budesonide and 5.5 g formoterol fumarate ex valve, pressurized metered dose 
inhaler 
Lot: 4H032A09 
 
Placebo Calcium Chloride Dihydrate (CaCl2) and 1,2-Distearoyl-sn-Glycero-3- 
Phosphocholine (DSPC) 
Lot: 3H046A 
 
Key Study Findings 

Beagle dogs (4/sex/group) were dosed with budesonide (B), glycopyrrolate (GP), and 
formoterol fumarate (FF) as a triple combination (BGF) and budesonide and formoterol 
fumarate (BFF) as a double combination at low, mid, or high doses, via face mask inhalation 
daily for 90 days. Doses are listed below: 

Budesonide low, mid, and high doses were 3.02-3.35, 13.48-17.55, and 58.39-71.34 
μg/kg/day, respectively 
Glycopyrrolate low, mid, and high doses were 0.20-0.21, 1.06-1.11, and 3.39-3.56 
μg/kg/day, respectively 
Formoterol low, mid, and high doses were 0.10-0.11, 0.47-0.63, 1.94-2.4 μg/kg/day, 
respectively. 

 
All animals survived to scheduled euthanasia on Day 91. 
 
Increased GGT activities were noted in mid dose (MD) (38.5%) and HD (115%) BGF males and 
HD (284.6%) BFF males, relative to the vehicle control groups. In females, increased GGT 
activities were noted in MD (92.3%) and HD (130.8%) BGF groups, and in the HD (361.5%) BFF 
group. Elevations of GGT activity may correlate to histopathological finding in the liver of 
hepatocyte alteration. 
 
Heart rates were increased for BGF HD and BFF HD females on Day 1 relative to air-control and 
vehicle-control groups. The addition of glycopyrrolate (BGF) did not result in any further 
enhancement of the increased heart rate observed with formoterol (BFF). 
 
Treatment related gross pathology findings were noted in the thymus. Red discoloration in the 
thymus was noted at all doses in BFF treated males, in MD and HD BFF treated females, and HD 
BGF treated females. These findings correlated with histopathological findings of hemorrhage 
and decreased lymphocytes.  
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Reduced organ weights were noted in the adrenal gland at all doses in BGF and BFF treated 
males and females, which correlated with histopathology findings of cortical atrophy. Increased 
liver weights were noted in HD BFF males and females. Increased liver weights were noted in 
MD and HD BGF treated females. Increased liver weights correlated with histopathological 
findings of hepatocellular alteration. Decreased thymus weights were noted in MD and HD BGF 
and BFF treated males. Decreased thymus weights were noted at all doses in BGF and BFF 
treated females at higher magnitudes than in males. Decreased thymus weights correlated with 
histopathological findings of hemorrhage and decreased lymphocytes.  
 
Treatment related microscopic findings were noted in the adrenal glands, lymph nodes, liver, 
and thymus. Findings in the adrenal glands, lymph nodes, and thymus could be attributed to 
effects of budesonide. Findings in the liver could be attributed to effects of formoterol 
fumarate.  
 
Cortical atrophy was observed in the adrenal glands in males and females in the BGF and BFF 
treatment groups.  
 
Decreased lymphocytes in the tracheobronchial LN were observed in MD and HD BGF males 
and HD BFF males.  
 
Hepatocellular alteration in the liver was observed at all doses in BGF males, at the MD and HD 
in BFF males, and at all doses in BGF and BFF treated females. These findings in the liver were 
accompanied by increases of GGT activity. Hemorrhage was noted at all doses in BFF treated 
males, at the MD and HD in BFF treated females, and at the HD in BGF treated females. 
Decreased lymphocytes were observed in all doses in BFF and BGF treated males, at the MD 
and HD in BGF-treated females, and at all doses in BFF treated females. 
The observed histopathological findings were generally consistent with known corticosteroid 
class effects of budesonide with the exception of the findings in the liver that could be 
attributed to formoterol fumarate. There was no evidence of additive or synergistic toxic 
effects when adding glycopyrrolate to the approved combination of budesonide and 
formoterol.  
 
It was not possible to discern if there were any toxicokinetic (TK) interactions on the basis of 
how the study was designed.  
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Table 5. Average Budesonide, Glycopyrrolate, and Formoterol Fumarate Pulmonary Doses

Abbreviations: BGF = budesonide, glycopyrrolate, and formoterol fumarate; BFF = budesonide and formoterol fumarate; N/A = not 
applicable
Source: Excerpted from the Applicant’s submission

Doses of glycopyrrolate represent the salt form (i.e., quaternary ammonium bromide) of the 
drug substance (7.2 μg glycopyrronium =9.0 μg glycopyrrolate) 
 
The particle size for placebo, BGF and BFF in the exposure systems was determined to be in the 
respirable range  
 
Observations and Results 

See Key Study Findings (above) for descriptions of study results. Study results not reported in 
Key Study Findings and/or more detailed descriptions of results will be discussed below. 
 
ECG 

Electrocardiograms (ECGs) were performed on all animals prior to assignment to treatment 
groups. In addition, ECGs were collected after the first exposure (Day 1) and on Day 90 after the 
last exposure.  
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Clinical Chemistry 

All study animals had baseline (prior to randomization) and terminal whole blood samples 
collected from the jugular vein into serum tubes and evaluated using an automated chemistry 
analyzer. 
 
Increased GGT was noted in MD (38.5%) and HD (115%) BGF males and HD (284.6%) BFF males, 
relative to the vehicle control groups. In females, increases in GGT were noted in MD (92.3%) 
and HD (130.8%) BGF groups, and in the HD (361.5%) BFF group. Elevated GGT activities might 
correlate with histopathological findings of hepatocellular alteration. 
 
Histopathology 

Histopathologic examination was conducted in a “read down” fashion: i.e. all tissues and gross 
lesions were examined for Groups 1-Air Control, 2-Placebo Control, 5-BGF High, and 8- BFF 
High, whereas respiratory and related tissues plus gross lesions were initially examined for 
remaining groups (3-BGF Low, 4-BGF Mid, 6-BFF Low and 7-BFF Mid). Additional tissues were 
examined in Low and Mid groups for tissues found demonstrating apparent treatment effects in 
HD groups (adrenal gland, liver, and thymus). 
 
Treatment related microscopic findings were noted in the adrenal glands, lymph nodes, liver, 
and thymus. The observed histopathological findings were generally consistent with known 
corticosteroid class effects of budesonide with the exception of the findings in the liver that 
could be attributed to formoterol fumarate. 
 
Cortical atrophy (zona fasciculata/reticularis) in the adrenal gland was noted in MD and HD 
males and females in the BGF and BFF treatment groups. This finding was noted in all MD and 
HD BGF males and all MD and HD BFF males with increased severity (minimal to moderate) with 
respect to the dose. This finding was also noted in 4 of 4 MD and HD BGF females with 
increased severity (minimal to moderate) with respect to the dose and MD and all HD BFF 
females with moderate severity. These findings could be attributed to the effects of 
budesonide. 
 
In the tracheobronchial lymph node, lymphocytes decreased was noted in MD and HD BGF 
males and HD BFF males. These findings could be attributed to the effects of budesonide. 
 
Hepatocellular alteration in the liver was noted at all doses in BGF males, at the MD and HD in 
BFF males, and at all doses in BGF and BFF treated females. Hepatocellular alteration in 
periportal regions of the liver was consistent with glycogen accumulation and or increased 
metabolic activity (an adaptive response) and could be attributed to the pharmacologic action 
of formoterol fumarate. These findings were accompanied by elevations of GGT activities. 
 
In the thymus, hemorrhage was noted at all doses in BFF treated males, at the MD and HD in 
BFF treated females, and at the HD in BGF treated females. Decreased lymphocytes were 
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observed in all doses in BFF and BGF treated males, MD and HD BGF-treated females, and at all 
doses in BFF treated females. 
 
Table 7. Histopathology Findings in 90-Day BGF and BFF Study in Dogs

 
Abbreviations: BGF = budesonide, glycopyrrolate, and formoterol fumarate; BFF = budesonide and formoterol fumarate

 
Toxicokinetics 

Blood samples for plasma toxicokinetic analysis were collected in K3EDTA tubes from the 
jugular, cephalic or saphenous veins from all study animals at pre-exposure, immediately after 
the first exposure, and 0.083, 0.5, and 1, 3, 6, and 24 hours post exposure on Day 1 and at the 
same time points for the last exposure on Day 90. Blood collections were as close as possible to 
the target times as practical; however, actual times were used in the analyses. Blood was 
centrifuged (1300 g, 2-8 C, 10 minutes), and plasma was separated and stored frozen at -70 to 
-90°C in an appropriately labeled vial. 
 
Plasma glycopyrronium bromide (glycopyrrolate), formoterol fumarate, and budesonide 
concentrations at nominal sampling times were used for all calculations. 
 
After inhalation of BGF, glycopyrrolate and formoterol were not detectable in the plasma at the 
LDs on Day 1 or Day 90. Increases of AUC were approximately dose proportional or slightly 
greater than dose proportional for budesonide treated males and females on Days 1 and 90. 

Air
Control Vehicle

BGF
Low 
Dose

BGF
Mid

Dose

BGF
High
Dose

BFF
Low 
Dose

BFF
Mid

Dose

BFF
High
Dose

Air
Control Vehicle

BGF
Low 
Dose

BGF
Mid

Dose

BGF
High
Dose

BFF
Low 
Dose

BFF
Mid

Dose

BFF
High
Dose

Adrenal Gland
number examined 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Atrophy, Cortical (Zona 
fasciculata/reticularis)

Minimal 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0
Mild 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0 0

Moderate 0 0 0 2 4 0 3 4 0 0 0 2 3 0 1 4

Lymph Node, 
tracheobronchial
number examined 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Lymphocyte decrease
minimal 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0

mild 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

Liver
number examined 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Alteration, hepatocellular

Minimal 0 0 1 4 2 0 2 0 0 0 2 1 0 2 1 0
Mild 0 0 0 0 0 0 0 0 0 0 0 2 2 0 1 1

Moderate 0 0 0 0 0 0 0 4 0 0 0 1 0 0 0 3

Thymus
number examined 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Hemorrhage
Minimal 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0

Mild 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
Moderate 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0

Severe 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2
Lymphocyte decrease

Minimal 0 0 3 1 0 2 0 0 0 0 0 0 0 4 0 0
Mild 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

Moderate 0 0 1 2 0 0 0 0 0 0 0 1 0 0 1 0
Severe 0 0 0 1 4 0 4 4 0 0 0 3 4 0 2 4

Target Organs
Males Females
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The exposures for glycopyrrolate and formoterol fumarate showed approximately dose 
proportional or greater than dose proportional increases for both males and females on Days 1 
and 90. Drug accumulation for budesonide, glycopyrrolate, and formoterol fumarate was 
evident at all doses on Day 90 relative to Day 1.  
 
After inhalation of BFF, formoterol was not detectable in the plasma at the LD on Day 1 or Day 
90. Increases of AUC for budesonide were approximately dose proportional for males and 
females on Days 1 and 90. Increases of exposure (AUC) for formoterol fumarate from the MD to 
HD were less than dose proportional on Day 1 and approximately dose proportional on Day 90. 
Drug accumulation for budesonide and formoterol fumarate was evident at all doses on Day 90 
relative to Day 1. 
 

Table 8. Toxicokinetic Data From BGF Treated Dogs on Day 1

Abbreviations: Cmax = maximum plasma concentrati max = time to maximum plasma concentration; AUClast = area under the curve 
to the last quantifiable time point; t1/2 = half-life; BGF = budesonide, glycopyrrolate, and formoterol fumarate
Source: Excerpted from the Applicant’s submission
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Table 9. Toxicokinetic Data From BGF Treated Dogs on Day 90

Abbreviations: Cmax = maximum plasma concentrati max = time to maximum plasma concentration; AUClast = area under the curve 
to the last quantifiable time point; t1/2 = half-life; BGF = budesonide, glycopyrrolate, and formoterol fumarate
Excerpted from the Applicant’s submission

Genetic Toxicology 

In genetic toxicology studies, glycopyrrolate was not mutagenic in the in vitro reverse mutation 
assay in bacterial cells (Study No. AD91RW.502ICH.BTL) or clastogenic in the in vitro 
mammalian cell micronucleus assay in TK6 Cells (Study No. AD91RW.361ICH.BTL) and in vivo 
micronucleus assay in rats (Study No. AD91RW.125012ICH.BTL) 
 
Budesonide was not mutagenic or clastogenic in six different test systems: Ames 
Salmonella/microsome plate test, mouse micronucleus test, mouse lymphoma test, 
chromosome aberration test in human lymphocytes, sex-linked recessive lethal test in 
Drosophila melanogaster, and DNA repair analysis in rat hepatocyte culture. (Excerpted from 
NDA 21929, Symbicort, label) 
 
Formoterol fumarate was not mutagenic or clastogenic in Ames Salmonella/microsome plate 
test, mouse lymphoma test, chromosome aberration test in human lymphocytes, and rat 
micronucleus test.  (Excerpted from NDA 208294, Bevespi Aerosphere, label) 
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Carcinogenicity 

Glycopyrrolate 

Refer to Nonclinical Review in DARRTS (NDA 212122 dated August 19, 2019 authored by 
PharmTox reviewer Ijeoma Uzoma, PhD) for a complete review of the 2-year carcinogenicity 
studies conducted with glycopyrrolate in rats and mice. A summary of the studies and the ECAC 
conclusions are provided below.  
 
In a 2-year carcinogenicity study, Sprague Dawley rats received glycopyrronium bromide 
(glycopyrrolate) by inhalation (nose-only) at estimated achieved doses of 0 (air-control), 0 
(vehicle-control), 151.7/165.93 (LD, M/F), 302.9/330.66 (MD, M/F), and 620.45/684.14 (HD, 
M/F) μg/kg/day. The study included an interim sacrifice of 10 rats/sex/group after 52 weeks of 
treatment. Doses are represented as the estimated achieved pulmonary doses with the 
quaternary ammonium bromide salt form of the drug substance (glycopyrrolate). Prior 
concurrence for doses used in this study was not obtained from the ECAC. 
 
Treatment with glycopyrrolate had no effects on survival of male or female rats. Dose-related 
decreases of absolute body weights were observed in male and female rats beginning at 
approximately week 12 and continued over the course of the study. At Week 81, absolute body 
weights were reduced for drug-treated male groups by 11.8% (LD), 19.9% (MD), and 20% (HD) 
and for female drug-treated groups by 16% (LD), 11.4% (MD), and 23.4% (HD), relative to air-
control groups. Decreases of absolute body weights appeared to be potentially excessive 
(>10%). The Applicant did not implement any dose reductions during the course of the study to 
minimize decreases of absolute body weights.  
 
The Applicant elected to terminate the entire study early (starting at Week 82) for all male and 
female groups due to low survival (22 of 60 [37%] females remaining) in the female air-control 
group at week 82. According to ECAC criteria for study termination, if the number of animals of 
a sex within the control group declines to 20, then all groups of that sex including drug-treated 
should be terminated. Based on these criteria, it was inappropriate to terminate female groups 
at that time. Further, in the male air-control and vehicle-control groups, 37 of 60 (62%) and 27 
of 60 (45%) animals, respectively, were alive at week 82. Male groups were inappropriately 
terminated per ECAC criteria for study termination. The study duration was potentially 
inadequate to assess drug-induced tumor development.  
 
Final results of this study were presented to the ECAC on April 16, 2019. The Committee 
concluded that the carcinogenicity study was inadequate in male and female rats due to early 
termination of the study. 
 
A 2-year oral carcinogenicity study with glycopyrrolate in rats was conducted to support 
approval of NDA 022571 for Cuvposa (glycopyrrolate) oral solution. The description of the 
carcinogenicity study in rats from the Cuvposa label was adapted to the intended dosing of BGF 
pMDI with total daily administration of glycopyrrolate at 36 μg: 
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In a 24-month carcinogenicity study in rats, glycopyrrolate produced no significant changes in 
tumor incidences when administered to males or females by oral gavage at dosages up to 
40,000 mcg/kg/day (approximately 11,000 times the maximum recommended daily inhalation 
dose of glycopyrrolate on a μg/m2 basis). 
 
In a 2-year carcinogenicity study, B6C3F1 mice received glycopyrronium bromide 
(glycopyrrolate) by inhalation (nose-only) at estimated achieved doses of 0 (air-control), 0 
(vehicle-control; CaCl2 and Distearoyl-sn-Glycero-3-phosphocholine [DSPC]), 0.347/0.335 (LD, 
M/F), 0.705/0.7 (MD, M/F), and 1.46/1.42 (HD, M/F) mg/kg/day. 
 
Prior concurrence for doses used in this study was not obtained from the ECAC. Treatment with 
glycopyrrolate had no effects on survival in male or female mice up to 104 weeks. Dose-related 
decreases of absolute body weights were observed in males and females beginning around 
Week 3 and Week 11, respectively, and continued over the course of the study. Decreases of 
absolute body weights at the end of the study appeared to be potentially excessive (>10%) for 
MD Females (-15.9%), HD males (-15%), and HD females (-27.7%). The Applicant did not 
implement any dose reductions during the course of the study to minimize decreases of 
absolute body weights.  
 
There were no statistically significant test article-related tumor findings in male mice in the LD 
and MD groups and female mice in the LD group. 
 
Final results of this study were presented to the ECAC on April 16, 2019. The Committee 
concluded that body weight decreases in HD males and mid and HD females could confound 
interpretation. The Committee concurred that no drug-related neoplasms were observed at the 
LD in females and the mid and LD in males. 

Budesonide 

Long-term studies were conducted in rats and mice using oral administration to evaluate the 
carcinogenic potential of budesonide. 
 
In a 2-year study in Sprague-Dawley rats, budesonide caused a statistically significant increase 
in the incidence of gliomas in male rats at an oral dose of 50 mcg/kg (at 0.8 times the maximum 
recommended human daily intranasal dose (MRHDID) in adults on a mcg/m2 basis). No 
tumorigenicity was seen in male and female rats at respective oral doses up to 25 and 50 
mcg/kg (at 0.4 and 0.8 times the MRHDID in adults on a mcg/m2 basis). In two additional 2-year 
studies in male Fischer and Sprague-Dawley rats, budesonide caused no gliomas at an oral dose 
of 50 mcg/kg (at 0.8 times the MRHDID in adults on a mcg/m2 basis). However, in the male 
Sprague-Dawley rats, budesonide caused a statistically significant increase in the incidence of 
hepatocellular tumors at an oral dose of 50 mcg/kg (at 0.8 times the MRHDID in adults on a 
mcg/m2 basis). The concurrent reference corticosteroids (prednisolone and triamcinolone 
acetonide) in these two studies showed similar findings. 
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In a 91-week study in mice, budesonide caused no treatment-related carcinogenicity at oral 
doses up to 200 mcg/kg (approximately 1.5 times the MRHDID in adults on a mcg/m2 basis). 
(Excerpted from NDA 21929, Symbicort, label). As needed, dose multiples were adjusted due to 
rounding.  

Formoterol Fumarate 

Long-term studies were conducted in mice using oral administration and rats using inhalation 
administration to evaluate the carcinogenic potential of formoterol fumarate. 
 
In a 24-month carcinogenicity study in CD-1 mice, formoterol at oral doses of 100 mcg/kg and 
above (approximately 25 times the MRHDID in adults on a mcg/m2 basis) caused a dose-related 
increase in the incidence of uterine leiomyomas. 
 
In a 24-month carcinogenicity study in Sprague-Dawley rats, an increased incidence of 
mesovarian leiomyoma and uterine leiomyosarcoma were observed at the inhaled dose of 130 
mcg/kg (approximately 70 times the MRHDID in adults on a mcg/m2 basis). No tumors were 
seen at 22 mcg/kg (approximately 11 times the MRHDID in adults on a mcg/m2 basis). 
 
Other beta-agonist drugs have similarly demonstrated increases in leiomyomas of the genital 
tract in female rodents. The relevance of these findings to human use is unknown. 
 (Excerpted from NDA 21929, Symbicort, label) 

Reproductive and Developmental Toxicology

Fertility and Early Embryonic Development 

Study Title: Subcutaneous Reproductive Toxicity Study (Segment I) of Glycopyrrolate in 
Rats
Study no.: 14-764
Study report location: EDR
Conducting laboratory and location:

Date of study initiation: September 15, 2015
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Lot: 9-ABY-76-1; 98% purity

Key Study Findings 
Rats received subcutaneous (SC) doses of 0 (vehicle, sterile saline), 0.1, 1.0, or 10 
mg/kg/day glycopyrrolate (salt) to assess potential drug-related effects on reproductive 
performance and fertility. Males were dosed 4 weeks prior to mating, up to 2 weeks 
during the mating period, and continuing until terminal necropsy (Day 52 at minimum). 
Females were dosed for 2 weeks prior to mating, up to 2 weeks during the mating 
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Fetal Observations 

Incidences of incomplete ossification of the skull were increased in the mid- and high-dose 
groups relative to the concurrent control; however, these findings might be attributed to 
maternal toxicity. 
 
Study Title: Definitive Subcutaneous Developmental Toxicity Study (Seg II) of 
Glycopyrrolate in Rats
Study no.: 14-762
Study report location: EDR
Conducting laboratory and location:

Date of study initiation: June 11, 2015
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: Lot # 9-ABY-76-1; Purity 98%
 

Key Study Findings 

Glycopyrrolate at doses of 0 (vehicle: sterile saline), 0.1, 1.0, and 10 mg/kg/day were 
administered subcutaneously in gravid rats (23/group) to evaluate embryofetal 
development. Animals were treated from GD 6 to GD 17 and sacrificed on GD 21. 
Dose dependent decreases in BWG were observed during the dosing period from GD 6 
to GD 18 at the MD (-14%) and HD (-32.6%), relative to the control. Based on decreased 
BWG, it appeared that maternal toxicity was achieved, although the HD appeared to be 
excessive. 
Based on Cmax, dose-related increases of exposures to glycopyrrolate were achieved 
from GD 6 to GD 17. Increases in AUC were greater than dose proportional on GD 6 and 
GD 17. 
There were no dose dependent changes in cesarean section parameters, or test article 
related malformations or variations up to the HD of 10 mg/kg, which was associated 
with a Cmax of 2050 ng/mL in gravid females on Day 17. 
Fetal body weights at the HD were decreased by approximately 10% relative to the 
control group. These findings were attributed to maternal toxicity.  
The NOAEL for maternal toxicity was the LD of 0.1 mg/kg based on reduced BWG at the 
MD and HD 
The NOAEL for developmental toxicity was the MD, 1 mg/kg, based on reduced fetal 
body weights in the 10 mg/kg treated group. Reduced fetal body weight at the HD was 
attributed to maternal toxicity. 
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19 or up until weaning of their offspring. Males were dosed up to 25 weeks. Umbilical hernia 
was observed in rat fetuses at oral doses 1500 times and greater than the MRHDID (on a 
mcg/m2 basis at maternal oral doses of 3000 mcg/kg/day and higher). Brachygnathia was 
observed in rat fetuses at a dose 7600 times the MRHDID (on a mcg/m2 basis at a maternal oral 
dose of 15,000 mcg/kg/day). Pregnancy was prolonged at a dose 7600 times the MRHDID (on a 
mcg/m2 basis at a maternal oral dose of 15,000 mcg/kg/day). Fetal and pup deaths occurred at 
doses approximately 1500 times the MRHDID and higher (on a mcg/m2 basis at oral doses of 
3000 mcg/kg/day and higher) during gestation. 

In an embryo-fetal development study in pregnant rats dosed during the period of 
organogenesis from GD 6 to GD 15, no teratogenic, embryocidal or developmental effects were 
seen at doses up to 350 times the MRHDID (on a mcg/m2 basis with maternal inhalation doses 
up to 690 mcg/kg/day). 
 
In an embryo-fetal development study in pregnant rabbits dosed during the period of 
organogenesis from GD 6 to GD 18, subcapsular cysts on the liver were observed in the fetuses 
at a dose 61,000 times the MRHDID (on a mcg/m2 basis with a maternal oral dose of 60,000 
mcg/kg/day). No teratogenic effects were observed at doses up to 3500 times the MRHDID (on 
a mcg/m2 basis at maternal oral doses up to 3500 mcg/kg/day). 
 
In a pre-and post-natal development study, pregnant female rats received formoterol at oral 
doses of 0, 210, 840, and 3400 mcg/kg/day from GD 6 through the lactation period. Pup survival 
was decreased from birth to postpartum day 26 at doses 110 times the MRHDID and higher (on 
a mcg/m2 basis at maternal oral doses of 210 mcg/kg/day and higher), although there was no 
evidence of a dose-response relationship. There were no treatment-related effects on the 
physical, functional, and behavioral development of rat pups. 
 
Formoterol fumarate is present in rat milk. 
 
In the fertility and reproduction study in rats, plasma levels of formoterol were measured in 
pups on post-natal day 15. It was estimated that the maximum plasma concentration that the 
pups received from the maternal animal, at the highest dose of 15 mg/kg, after nursing was 
4.4% (0.24 nmol/L for a litter vs. 5.5 nmol/L for the mother). 
 

Safety Margins for Clinical Doses of Budesonide, Glycopyrrolate, and Formoterol 
Fumarate

Dose and exposure multiples achieved in nonclinical studies were compared to clinical doses of 
budesonide, glycopyrrolate, and formoterol fumarate in the tables below. 
 

Reference ID: 4497690









NDA/BLA Multi-disciplinary Review and Evaluation {NDA 212122} 
{Breztri Aerosphere, Budesonide/Glycopyrrolate/Formoterol Fumarate Inhalation Aerosol} 
 

  67 

budesonide (BD), 9 μg of glycopyrrolate (glycopyrronium bromide, GP), and 4.8 μg of 
formoterol fumarate (FF). The proposed product is to be administered as two inhalations twice 
daily.  
 
One of the listed products cited in this submission is Bevespi Aerosphere (NDA 208294), which 
was approved via 505(b)(2) path in 2016 that borrowed results of some glycopyrrolate clinical 
pharmacology studies from Robinul Injection [NDA 017558, approved in 2005 via 505(b)(1) 
path].  With the same approach, AstraZeneca borrowed the results of mass balance study from 
NDA 017558 in the proposed label of NDA 212122: “After IV administration of a 0.2 mg 
radiolabeled glycopyrrolate, 85% of dose recovered was recovered in urine 48 hours post dose 
and some of radioactivity was also recovered in bile”.  Therefore, the 505(b)(2) path is 
appropriate for NDA 212122 from clinical pharmacology perspective. 
 
In this submission, AstraZeneca submitted reports from 8 clinical pharmacology studies and a 
population pharmacokinetic (popPK) analysis report. 
 
The clinical pharmacology review focuses on the following: 

1. Whether there is drug-interaction between three components [budesonide (BD), 
glycopyrronium (GP), and formoterol) at pharmacokinetic (PK) level in Breztri 
Aerosphere 

2. Whether the Phase 2 dose-ranging studies support the dose selection of BD in Phase 
3 studies 

3. Whether the Phase 2 PD study supports the combination of BD with GP and FF in 
patients with COPD 

4. The effect of BD on hypothalamic-pituitary-adrenal gland (HPA) axis 
 
The Office of Clinical Pharmacology Divisions of Clinical Pharmacology II and Pharmacometrics 
have reviewed the information contained in NDA 212122.  This NDA is approvable from a 
clinical pharmacology perspective. The key review issues with specific 
recommendations/comments are summarized below: 
 
Review Issues Recommendations and Comments

General dosing instructions

For evaluation of PK drug interaction between BD, GP, and 
formoterol, the Reviewer agrees that: 
the systemic exposure of BD is comparable with or without co-
administration of glycopyrronium and/or formoterol in healthy 
subjects (Study PT010002) and patients with COPD [Study
PT0090001 and PT010006 (Trial 06)];

the systemic exposure of glycopyrronium is comparable with or 
without co-administration of BD in healthy subjects (Study 
PT010001) and patients with COPD Trial 06);

the systemic exposure of formoterol is comparable with or without 
co-administration of BD in healthy subjects (Study PT010001) and 
patients with COPD (Trial 06).
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appropriate 
as they are approved doses under NDA 208294.

The Reviewer agrees that the optimal dose of BD was adequately 
explored in Phase 2 studies and selection of the higher BD doses 

PT008001 demon

1 over 4-week 
treatment in patients with mild-to-moderate asthma.

PT009001 demonstrated that BFF

improving FEV1 AUC0-12 over 4-week treatment in patients with 
moderate-to-severe COPD.

The Reviewer agrees that PD results from Study PT009001 
supports combination use of BD with FF in patients with COPD. 

primary endpoint, the mean change from baseline in FEV1 AUC0-12 
on Day 29 in mITT population.  FEV1 AUC0-12 was about 200 mL 

200 mL improvement is considered clinically meaningful. 

the change from baseline in FEV1 AUC0-12 on Day 29.  Numerically, 
0-

12

For HPA axis evaluation, the Reviewer agrees that: 
the systemic exposure of BD is comparable following single dose 

healthy subjects (Study PT010001)

there was a slight numerical reduction in 0-24hr weighted mean 
serum cortisol ratio (Week 24/baseline) following BGF MDI 

The clinical meaning of this small reduction is unclear.

For discussion of efficacy and safety results from Phase 3 Trial 06,
and efficacy comparison between dual-combination and triple-
combination products, refer to Section 8 statistical and clinical 
evaluation. 

Dosing in patient subgroups 
(intrinsic and extrinsic factors)

The Reviewer agrees that Breztri Aerosphere® should be used with 
caution when co-administered with the following: 
Strong cytochrome P450 3A4 inhibitors (e.g. ritonavir); may cause 
systemic corticosteroid effect
Additional adrenergic drugs
Non-potassium sparing diuretics, xanthine derivatives or steroids; 
may potentiate hypokalemia or ECG change
Monoamine oxidase inhibitors and tricyclic antidepressants; may 
potentiate effect of formoterol fumarate on cardiovascular system
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Beta-blockers; may block bronchodilatory effects of beta-agonists 
and produce severe bronchospasm

The Reviewer agrees that the use of Breztri Aerosphere® should be 
avoided with other anticholinergics. 

The Reviewer agrees that signs of increased drug exposure should 
be monitored in patients with severe hepatic impairment:

The systemic exposure of budesonide and formoterol may increase 
in patients with severe hepatic impairment. Monitor patients for signs 
of increased drug exposure. 

Bridge between the “to-be-
marketed” and clinical trial
formulations

The to-be-marketed drug formulation was used in all the pivotal 
clinical studies.  There was a minor change in the MDI device 
(tightening of spray orifice diameter) during Phase 3 Trial 06. For 
details, refer to the CMC and CDRH review.

Summary of Clinical Pharmacology Assessment 

Pharmacology and Clinical Pharmacokinetics 

Budesonide: 
Mechanism of action: BD is an anti-inflammatory corticosteroid that exhibits potent 
glucocorticoid activity and weak mineralocorticoid activity.  In standard in vitro and 
animal models, budesonide has approximately a 200-fold higher affinity for the 
glucocorticoid receptor and a 1000-fold higher topical anti-inflammatory potency than 
cortisol (rat croton oil ear edema assay).  As a measure of systemic activity, budesonide 
is 40 times more potent than cortisol when administered subcutaneously and 25 times 
more potent when administered orally in the rat thymus involution assay. 

 
Effect of BD on HPA axis: 
– The systemic exposure of BD is comparable following single dose inhalation of BGF 

MDI 320/18/9.6 g and Symbicort MDI 320/9 g in healthy subjects (Study 
PT01001). 

– Effect of BGF MDI 320/18/9.6 g on the HPA axis was assessed by measurement of 
24-hour plasma cortisol at Baseline and at Week 24 in patients with COPD. The mean 
geometric mean ratio (Week 24/Baseline) was 0.86 (CV =39%) and 0.94 (CV =36.6%) 
for BGF MDI 320/18/9.6 g and GFF MDI 18/9.6 g, respectively.  The clinical 
meaning of this small numerical reduction is unclear. 

 
Absorption: Following inhaled administration of BGF MDI 320/18/9.6 g in patients with 
COPD, Cmax of BD occurred within 20 to 40 minutes.  Steady state of Cmax is achieved 
following the first day of dosing. The area under the curve from 0 to 12 hours (AUC0-12) 
at steady state is approximately 1.3 times higher than after the first dose. 
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Distribution: The estimated BD apparent volume of distribution at steady-state in 
patients with COPD is approximately 1200 L via popPK analysis.  Over the concentration 
range of 1-100 nmol/L, plasma protein binding of budesonide is approximately 86%. 

 
Elimination: The effective half-life of BD derived via popPK analysis was approximately 5 
hours. 
– Metabolism: In vitro studies with human liver homogenates have shown that BD is 

rapidly and extensively metabolized.  Two major metabolites formed via CYP3A4 
catalyzed biotransformation have been isolated and identified as 16 -
hydroxyprednisolone and 6ß-hydroxybudesonide.  The corticosteroid activity of each 
of these two metabolites was less than 1% of that of the parent compound.  No 
qualitative differences between the in vitro and in vivo metabolic patterns were 
detected.  Negligible metabolic inactivation was observed in human lung and serum 
preparations. 

– Excretion: BD is excreted in urine and feces in the form of metabolites. Only 
negligible amounts of unchanged BD have been detected in the urine. 

 
Glycopyrronium: 

Mechanism of action: GP is a long-acting anti-muscarinic/cholinergic agent with similar 
affinity to the subtypes of muscarinic receptors M1 to M5. In the airways, it exhibits 
pharmacological effects through inhibition of the M3 receptor at the smooth muscle 
leading to bronchodilation. 

 
Absorption: Following inhaled administration of BGF MDI 320/18/9.6 g in patients with 
COPD, Cmax of glycopyrronium occurred at 6 minutes post-dose.  Steady state is achieved 
after approximately 3 days of repeated dosing and the AUC0-12 at steady state is 
approximately 1.8 times higher than after the first dose. 

 
Distribution: The estimated glycopyrronium apparent volume of distribution at steady-
state in patients with COPD is approximately 5500 L via popPK analysis.  Over the 
concentration range of 2-500 nmol/L, plasma protein binding of glycopyrronium ranged 
from 43% to 54%. 

 
Elimination: The effective terminal elimination half-life of glycopyrronium derived via 
popPK analysis was approximately 15 hours. 
– Metabolism: Based on literature, and an in vitro human hepatocyte studies, 

metabolism plays a minor role in the overall elimination of glycopyrronium.  CYP2D6 
was found to be the predominant enzyme involved in the metabolism of GP. 
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– Excretion: After IV administration of a 0.2 mg radiolabeled glycopyrronium, 85% of 
dose recovered was recovered in urine 48 hours post-dose and some of radioactivity 
was also recovered in bile. 

 
Formoterol: 

Mechanism of action: Formoterol is a long-acting selective beta2-adrenergic agonist 
(beta2-agonist) with a rapid onset of action. Inhaled formoterol fumarate acts locally in 
the lung as a bronchodilator. In vitro studies have shown that formoterol has more than 
200-fold greater agonist activity at beta2-receptors than at beta1- receptors. 

 
Absorption: Following inhaled administration of BGF MDI 320/18/9.6 g in patients with 
COPD, Cmax of formoterol occurred within 20 to 60 minutes.  Steady state is achieved 
after approximately 2 days of repeated dosing and the AUC0-12 at steady state is 
approximately 1.4 times higher than after the first dose. 

 
Distribution: The estimated formoterol apparent volume of distribution at steady-state 
in patients with COPD is approximately 2400 L via popPK analysis.  Over the 
concentration range of 10-500 nmol/L, plasma protein binding of formoterol ranged 
from 46% to 58%. 

 
Elimination: The effective terminal elimination half-life derived via popPK analysis was 
approximately 10 hours. 
– Metabolism: The primary metabolism of formoterol is by direct glucuronidation and 

by O-demethylation followed by conjugation to inactive metabolites.  Secondary 
metabolic pathways include deformylation and sulfate conjugation. CYP2D6, 
CYP2C19, CYP2C9 and CYP2A6 have been identified as being primarily responsible 
for O-demethylation. 

– Excretion: The excretion of formoterol was studied in four healthy subjects following 
simultaneous administration of radiolabeled formoterol via the oral and IV routes. In 
the study, 62% of the drug related radioactivity of formoterol was excreted in the 
urine while 24% was eliminated in the feces. 

 

General Dosing and Therapeutic Individualization 

6.2.2.1. General Dosing 

Evaluation of PK interaction between BD, glycopyrronium, and formoterol

The PK drug-drug interaction potential between glycopyrronium and formoterol in an 
inhalation aerosol was reviewed previously under NDA 208294 by Dr. Sheetal Agrawal archived 
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March 14, 2016. The clinical pharmacology reviewer concluded that there was no drug-drug PK 
interaction between glycopyrronium and formoterol. 
 
In this NDA, the reviewer will focus on the evaluation of drug-drug PK interaction potential 
between BD and glycopyrronium/formoterol. 
 
Effect of BD on Glycopyrronium Systemic Exposure 

The effect of BD on glycopyrronium systemic exposure was evaluated in Study PT010001 in 
healthy subjects following single dose inhalation and in Trial 06 in patients with COPD following 
BID chronic treatment.  Glycopyrronium systemic exposure was compared between BGF MDI 
320/18/9.6 g and the approved GFF MDI 18/9.6 g (NDA 208294, Bevespi Aerosphere).  
Glycopyrronium systemic exposure is generally comparable between BGF MDI 320/18/9.6 g 
and Bevespi Aerosphere both in healthy subjects following single dose inhalation and in 
patients with COPD following BID chronic treatment (Table 31).  Therefore, BD is unlikely to 
affect glycopyrronium systemic exposure when the two drugs are co-administered.    
 

Table 31. Comparison of Glycopyrronium PK Parameters [Geometric Mean (CV%, N)] between 
BGF MDI and GFF MDI

Study Dose/Population PK Parameter

Treatment
BGF MDI GFF MDI 

PT010001 Single dose in healthy 
subjects

AUC0-12 (h•pg/mL) 11.9 (189%, 81) 10.2 (211%, 78)
AUC0-t (h•pg/mL) 9.1 (215%, 81) 7.8 (221%, 78)

Cmax (pg/mL) 8.7 (126%, 81) 7.0 (147%, 78)
Tmax (hour)* 0.1 0.1

PT010006
BID for 24 weeks in 

patients with moderate-
to-severe COPD

AUC0-12 (h•pg/mL) 74.0 (69%, 53) 79.3 (84%, 54)
Cmax (pg/mL) 17.8 (92%, 74) 19.8 (97%, 61)
Tmax (hour)* 0.08 

Abbreviations: AUC0-12 = area under the curve from 0 to 12 hours; AUC0- = area under the curve to the last quantifiable time point; 
Cmax max = time to maximum plasma concentration; BGF = budesonide, glycopyrrolate, and 
formoterol fumarate; GFF = glycopyrrolate/formoterol fumarate; MDI = metered dose inhaler; COPD = chronic obstructive pulmonary 
disease; BID = twice daily; PK = pharmacokinetics; CV = coefficient of variation
* median
Source: adapted from pt010001-clinical-study-report.pdf, page 103, Table 31; and pt010006-clinical-study-report.pdf, page 226, 
Table 68

 
Effect of BD on Formoterol Systemic Exposure 

The effect of BD on formoterol systemic exposure was evaluated in Study PT010001 in healthy 
subjects following single dose inhalation and in Trial 06 in patients with COPD following BID 
chronic treatment.  Formoterol systemic exposure was compared between BGF MDI 320/18/9.6 

g and the approved GFF MDI 18/9.6 g (NDA 208294, Bevespi Aerosphere).  The formoterol 
systemic exposure was generally comparable between BGF MDI 320/18/9.6 g and Bevespi 
Aerosphere both in healthy subjects following single dose inhalation and in patients with COPD 
following BID chronic treatment (Table 32).  Therefore, BD is unlikely to affect formoterol 
systemic exposure when the two drugs are co-administered.  
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Table 32. Comparison of Formoterol PK Parameters [Geometric Mean (CV%, N)] between BGF MDI 
and GFF MDI

Study Dose/Population PK Parameter

Treatment
BGF MDI GFF MDI 

PT010001 Single dose in healthy 
subjects

AUC0-12 (h•pg/mL) 55.7 (42%, 81) 49.5 (60%, 78)
AUC0-t (h•pg/mL) 55.1 (48%, 81) 48.8 (66%, 78)

Cmax (pg/mL) 10.8 (52%, 81) 9.2 (69%, 78)
Tmax (hour)* 0.333 0.583

PT010006
BID for 24 weeks in 

patients with moderate-to-
severe COPD

AUC0-12 (h•pg/mL) 55.1 (57%, 53) 56.2 (53%, 49)
Cmax (pg/mL) 8.4 (70%, 74) 10.5 (80%, 61)
Tmax (hour)* 0.96 0.92

Abbreviations: AUC0-12 = area under the curve from 0 to 12 hours; AUC0- = area under the curve to the last quantifiable time point; 
Cmax max = time to maximum plasma concentration; BGF = budesonide, glycopyrrolate, and 
formoterol fumarate; GFF = glycopyrrolate/formoterol fumarate; MDI = metered dose inhaler; COPD = chronic obstructive pulmonary 
disease; BID = twice daily; PK = pharmacokinetics; CV = coefficient of variation
* median
Source: adapted from pt010001-clinical-study-report.pdf, page 108, Table 34; and pt010006-clinical-study-report.pdf, page 223, 
Table 66

 
Effect of Formoterol on BD Systemic Exposure 

The effect of formoterol on BD systemic exposure was evaluated in Study PT009001 in patients 
with COPD following BID chronic treatment.  BD systemic exposure was compared between BFF 
MDI 320/9.6 g and BD MDI 320 g.  BD systemic exposure was generally comparable between 
BFF MDI 320/9.6 g and BD MDI 320 g in patients with COPD following BID chronic treatment 
(Table 33).  Therefore, formoterol is unlikely to affect BD systemic exposure when the two 
drugs are co-administered. 
 

Table 33. Comparison of BD PK Parameters [Geometric Mean (CV%, N)] Between BFF MDI and BD 
MDI 

Study Dose/Population PK Parameter

Treatment
BFF MDI BD MDI 

PT009001
BID for 29 days in 

patients with moderate-
to-severe COPD

AUC0-12 (h•pg/mL) 2705 (45%, 62) 2685 (48%, 44)
Cmax (pg/mL) 722 (50%, 62) 658 (51%, 45)
Tmax (hour)* 0.67 0.67

Abbreviations: AUC0-12 = area under the curve from 0 to 12 hours; Cmax max = time to maximum 
plasma concentration; MDI = metered dose inhaler; COPD = chronic obstructive pulmonary disease; BID = twice daily; BD = 
budesonide; BFF = budesonide and formoterol fumarate; PK = pharmacokinetics; CV = coefficient of variation
* median
Source: adapted from pt009001-clinical-study-report.pdf, page 129, Table 31

 
Effect of Glycopyrronium on BD Systemic Exposure 

Since formoterol does not affect BD systemic exposure when the two drugs are co-
administered, the effect of glycopyrronium on BD systemic exposure was evaluated in the 
presence of formoterol. The effect of glycopyrronium on BD systemic exposure was evaluated 
in Study PT010002 in healthy subjects following single dose inhalation and in Trial 06 in patients 
with COPD following BID chronic treatment.  BD systemic exposure was compared between 
BGF MDI 320/18/9.6 g and BFF MDI 320/9.6 g.  The BD systemic exposure was generally 
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comparable between GFF MDI 320/18/9.6 g and BFF MDI 320/9.6 g in patients with COPD 
following BID chronic treatment (Table 34).  Therefore, glycopyrronium is unlikely to affect BD 
systemic exposure when two components are co-administered.  
 

Table 34. Comparison of BD PK Parameters [Geometric Mean (CV%, N)] Between BGF MDI and 
BFF MDI 

Study Dose/Population PK Parameter

Treatment
BGF MDI BFF MDI 

PT010002 Single dose in healthy 
subjects

AUC0-12 (h•pg/mL) 1598 (50%, 64) 1657 (50%, 65)
AUC0-inf (h•pg/mL) 1734 (48%, 64) 1778 (50%, 64)

Cmax (pg/mL) 422 (81%, 64) 431 (68%, 65)
Tmax (hour)* 0.33 0.67

PT010006
BID for 24 weeks in 

patients with moderate-
to-severe COPD

AUC0-12 (h•pg/mL) 2551 (70%, 65) 2583 (56%, 35)
Cmax (pg/mL) 631 (80%, 75) 654 (59%, 39)
Tmax (hour)* 0.37 0.97

Abbreviations: AUC0-12 = area under the curve from 0 to 12 hours; AUC0-inf = area under the curve from zero to infinity; Cmax =
max = time to maximum plasma concentration; BGF = budesonide, glycopyrrolate, and formoterol 

fumarate; BFF = budesonide and formoterol fumarate; MDI = metered dose inhaler; COPD = chronic obstructive pulmonary disease; 
BID = twice daily; PK = pharmacokinetics; CV = coefficient of variation
* median
Source: adapted from pt010002-clinical-study-report.pdf, page 64, Table 18; and pt010006-clinical-study-report.pdf, page 219, Table 
64

Evaluation of BD Phase 2 Dose-Ranging Studies 

Two BD dose-ranging Phase 2 studies were conducted prior to Phase 3 studies. 
 
Study PT008001 

Study PT008001 was a randomized, double-blind, chronic dosing (4 weeks), 4-period, 5-
treatment (BD MDI 40 g, BD MDI 80 g, BD MDI 160 g, BD MDI 320 g, and placebo MDI BID 
regimen), incomplete block, cross-over, multi-center study in adult subjects with mild-to-
moderate persistent asthma.  In total 147 subjects were randomized and 97 subjects (66%) 
completed the study.  The primary endpoint of the study was the change from baseline in 
morning pre-dose trough FEV1 between BD MDI treatments and placebo MDI at the end of the 
Treatment Period (i.e., Week 4).  The PD/efficacy result of the primary endpoint is displayed in 
Table 35. 
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Table 35. Change from Baseline in Morning Pre-Dose Trough FEV1 at the End of the Treatment 
Period from Study PT008001 (mITT Population) 

 
Abbreviations: BD =budesonide; MDI = metered dose inhaler; CI = confidence interval; NA = not applicable; mITT = modified intent 
to treat; FEV1 = forced expiratory volume in 1 second; LS = least square; SE = standard error; P-value = probability value
LS means are for the linear mixed model, which included the following covariates: treatment, baseline, and period 
The Reviewer’s analysis obtained similar results.  The Reviewer did not identify treatment period and trough FEV1 baseline as
significant covariates for the linear mixed model.
Source: pt008001-clinical-study-report.pdf, page 84, Table 7-1

 
All BD MDI treatment arms were statistically superior (p<0.05) to placebo MDI for the primary 
endpoint (the mean change from baseline in morning pre-dose trough FEV1) at the end of the 
Treatment Period in mITT population.  Compared to placebo, the trough FEV1 at the end of the 
Treatment Period was about 115 mL higher following BD MDI 320 g and 160 g, and about 84 
mL higher following BD MDI 80 g and 40 g.  In addition, the two higher dose treatment arms 
of BD MDIs (320 g and 160 g) were about 30 mL higher than two lower dose treatment arms 
of BD MDIs 80 g and 40 g on trough FEV1. 
 
Study PT009001 

Additional BD dose-ranging was explored in patients with COPD in the background therapy of 
FF.  Study PT009001 was a randomized, double-blind, chronic dosing (28 days), four-period, 
five-treatment, incomplete block, multicenter, crossover study to assess the efficacy and safety 
following BFF MDI 320/9.6, 160/9.6, and 80/9.6 g, BD MDI 320 g, and FF MDI 9.6 g BID 
treatment in patients with moderate-to-severe COPD.  In total 180 subjects were randomized 
and 133 (74%) completed the study.  The primary endpoint was FEV1 AUC0-12 on Day 29.  The 
PD/efficacy result of the primary endpoint is displayed in Table 36. 

Reference ID: 4497690



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 212122} 
{Breztri Aerosphere, Budesonide/Glycopyrrolate/Formoterol Fumarate Inhalation Aerosol} 
 

  76 

Table 36. Comparisons of FEV1 AUC0-12 Change from Baseline on Day 29 between BFF MDIs, BD 
MDI, and FF MDI from Study PT009001 (mITT Population)

 
Abbreviations: AUC0-12 = area under the curve from 0 to 12 hours; BD = budesonide; BFF = budesonide and formoterol fumarate; FF 
= formoterol fumarate; MDI = metered dose inhaler; CI = confidence interval; NA = not applicable; FEV1 = forced expiratory volume 
in 1 second; LS = least square; SE = standard error; P-value = probability value
a.

b. The LS mean difference, CI of the mean difference, and the p-

LS means are for the linear mixed model, which included the following covariates: treatment, baseline, percent reversibility to 
Ventolin HFA, and period.
The Reviewer’s analysis obtained similar results. The Reviewer identified Treatment Periods and percent reversibility to Ventolin 
HFA as a significant covariate for the linear mixed model.
Source: pt009001-clinical-study-report.pdf, page 107, Table 24The Reviewer’s analysis obtained similar results.  

 
All BFF MDI treatment arms were statistically superior (p<0.05) to BD MDI 320 g as measured 
by the primary endpoint, the mean change from baseline in FEV1 AUC0-12 on Day 29 in mITT 
population.  Change from baseline in FEV1 AUC0-12 of BFF MDI 320/9.6 g at the end of the 
Treatment Period (Day 29) was numerically higher (~ 30 mL) than two lower dose treatment 
arms of BFF MDIs (160/9.6 g and 80/9.6 g).   
 
Studies PT008001 and PT009001 demonstrated a numerically higher (~30 mL) improvement in 
lung function with the HD of BD MDI (320 g) compared to the lower doses on both trough 
FEV1 change from baseline in asthma patients and FEV1 AUC0-12 change from baseline in COPD 
patients.  Therefore, the Applicant’s decision to carry the two HDs (320 and 160 g) of BD for 
Phase 3 drug development appears reasonable. 

Evaluation of Combination of BD With GP and/or FF in Patients with COPD (Study PT009001) 

Clinical studies evaluating the combination of BD with GP and/or FF MDIs under NDA 212122 
are listed in Table 37.  Among the 5 clinical studies, only one Phase 2 clinical study PT009001 
was submitted under Clinical Pharmacology section.  For review of results from other studies, 
refer to Section 8 Statistical and Clinical and Evaluation. 
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Table 37. Clinical Studies Evaluating Combination of BD With GP and/or FF
Comparison MDIs Clinical Studies
Dual components vs. 
single component

BFF, BD, and FF PT009001 and PT009002
BFF and FF PT009003

Triple components vs. 
dual components BGF, GFF, and BFF PT010005 and PT010006
Abbreviations: MDI = metered dose inhaler; BD = budesonide; BFF = budesonide and formoterol fumarate; FF = formoterol 
fumarate; GFF = glycopyrrolate and formoterol fumarate; BGF = budesonide, glycopyrrolate, and formoterol
Source: reviewer’s summary

 
To comply with the combination rule (21 CFR 300.50), ideally the two dual-component products 
of BFF MDI and BGP MDI should be evaluated against mono-component products (i.e., BD, FF, 
and GP MDIs) during the drug development of the proposed triple-component product, BGF 
MDI.  However, due to the lack of clinical need for developing a stand-alone ICS/LAMA 
combination product (i.e., BGP MDI) for treatment of COPD, the Applicant’s approach to 
compare BFF MDI (ICS/LABA) vs. BD (ICS) and FF (LABA) MDIs at dual-component stage is 
reasonable, even though the BFF MDI was co-developed with the BGF MDI concurrently. 
 
Study PT009001 was a randomized, double-blind, chronic dosing (28 days), four-period, five-
treatment, incomplete block, multi-center, crossover study to assess the efficacy and safety of 
BFF MDI 320/9.6, 160/9.6, and 80/9.6 g, BD MDI 320 g, and FF MDI 9.6 g BID in patients 
with moderate-to-severe COPD.  In total, 180 subjects were randomized with 133 (74%) 
completing the study.  The primary endpoint was FEV1 area under the curve from 0 to 12 hours 
(AUC0-12) on Day 29 post-treatment.  The PD/efficacy result of the primary endpoint is 
displayed in Table 36. 

 
All BFF MDI treatment arms were statistically superior (p<0.05) to BD MDI 320 g as measured 
by the primary endpoint, the mean change from baseline in FEV1 AUC0-12 on Day 29 in mITT 
population.  FEV1 AUC0-12 at the end of the Treatment Period was about 200 mL higher following 
treatment with all BFF MDIs (with different BD dosing levels) compared to BD MDI 320 g.  This 
200 mL improvement is considered clinically meaningful.  In addition, in an un-prespecified 
analysis, BFF MDI 320/9.6 g was also statistically superior to FF MDI 9.6 g on the change from 
baseline in FEV1 AUC0-12 on Day 29 post-treatment.  The improvement of mean change from 
baseline in FEV1 AUC0-12 was 56 mL.  
 
Therefore, PD results from Study 009001 support the combination use of BD with FF as a dual-
component product (BFF MDI) in patients with moderate-to-severe COPD.  For comparison of 
triple component product BGF MDI vs. dual-component products BFF MDI and GFF MDI, refer 
to Section 8 statistical and clinical evaluation. 
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6.2.2.2. Therapeutic Individualization 

Drug Interactions 

BD is a substrate of CYP3A4 enzyme.  In line with the approved NDA 021929 Symbicort®, Breztri 
Aerosphere should be used with caution when co-administered with strong cytochrome P450 
3A4 inhibitors (e.g. ritonavir). 

Formoterol is a beta-adrenergic receptor agonist.  In line with the approved NDA 208294 
Bevespi Aerosphere® (GFF MDI), Brezti Aerosphere should be used with caution when co-
administered with:  

 other adrenergic drugs 
non-potassium sparing diuretics, xanthine derivatives or steroids which may potentiate 
hypokalemia or ECG changes. 
monoamine oxidase inhibitors and tricyclic antidepressants which may potentiate effect 
of formoterol fumarate on cardiovascular system. 
beta-blockers which may block bronchodilatory effects of beta-agonists and produce 
severe bronchospasm. 

GP is a cholinergic receptor antagonist.  In line with the approved NDA 208294 Bevespi 
Aerosphere® (GFF MDI), the concomitant use of Breztri Aerosphere should be avoided with 
other anticholinergics which may interact additively. 

Specific Population 

Hepatic impairment: BD and formoterol are primarily eliminated via hepatic metabolism.  
Although dedicated hepatic impairment studies for Breztri Aerosphere® were not conducted in 
the clinical development program, an increased exposure can be expected in patients with 
severe liver hepatic impairment.  In line with the approved NDA 021929 Symbicort®, patients 
with severe hepatic impairment should be monitored for signs of increased drug exposure. 
 
Renal impairment: Glycopyrronium is primarily eliminated via renal excretion.  Although 
dedicated renal impairment study for Breztri Aerosphere was not conducted in the clinical 
development program, popPK simulation results indicate that the systemic exposure (AUC0-12) 
of glycopyrronium in COPD patients with moderate renal impairment (eGFR of 45 mL/min) 
increases by approximately 68% compared to COPD patients with normal renal function (eGFR 
of >90 mL/min).  In line with the approved NDA 208294 Bevespi Aerosphere®, the use of Breztri 
Aerosphere in patients with severe renal impairment should be considered if the potential 
benefit of the treatment outweighs the risk. 
 

Evaluation of the Effect of BGF MDI on the HPA axis 

In lieu of a dedicated HPA axis trial, the Applicant supported the effect of BD in BGF 320/18/9.6 
g MDI on the HPA axis function through comparative systemic exposure (PK) comparison in 
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healthy subjects (Study PT010001) and pharmacodynamic assessment in patients with COPD 
(Trial 06).  
 
The systemic exposure of BD was compared between BGF MDI g and approved NDA 021929 
Symbicort MDI (BD and FF inhalation aerosol) following single-dose administration in healthy 
subjects in Study PT010001. 
 
Study PT010001 was a Phase 1, single-dose, randomized, double-blind within device, 4-period, 
12-sequence, 6-treatment, crossover study in healthy subjects. Eighty-four subjects were 
randomized and 76 completed the study.  The geometric mean of BD PK parameters following 
single-dose inhalation of BGF MDI 320/18/9.6 g, 160/18/9.6 g, Symbicort MDI 320/9 g, and 
Symbicort MDI 160/9 g are listed in Table 38. 
 

Table 38. Comparison of BD PK Parameters [Geometric Mean (CV%, N)] Between BGF MDIs and 
Symbicort MDIs From Study PT010001 

PK Parameter
BGF MDI Symbicort MDI BGF MDI Symbicort MDI 

AUC0-12 (h•pg/mL) 1661 (44%, 81) 1410 (52%, 79) 883 (46%, 27) 845 (40%, 28)
AUC0-t (h•pg/mL) 1661 (44%, 81) 1410 (52%, 79) 883 (46%, 26) 845 (40%, 28)
Cmax (pg/mL) 484 (67%, 81) 462 (92%, 79) 248 (58%, 27) 268 (59%, 28)
Tmax (hour)* 0.367 0.333 0.333 0.333
Abbreviations: AUC0-12 = area under the curve from 0 to 12 hours; AUC0- = area under the curve to the last quantifiable time point; 
Cmax max = time to maximum plasma concentration; MDI = metered dose inhaler; BD = 
budesonide; BGF = budesonide, glycopyrrolate, and formoterol; PK = pharmacokinetics; CV = coefficient of variation
Source: adapted from pt01001-clinical-study-report.pdf, page 95, Table 25

The systemic exposure of BD was generally comparable between BGF MDI g and Symbicort 
MDI.  A bioequivalence analysis demonstrates that the 90% CI of geometric mean ratio of 
systemic exposure of BD (AUC0-12, AUC0-t, and Cmax) between BGF MDI 320/18/9.6 g and 
Symbicort MDI 320/9 g were within 0.8 to 1.25. 
 

Table 39. Statistical Comparison of BD PK Parameters Between BGF MDI 
 

 
Abbreviations: AUC0-12 = area under the curve from 0 to 12 hours; AUC0- = area under the curve to the last quantifiable time point; 
Cmax = maximum plasma concentration; MDI = metered dose inhaler; BD = budesonide; BGF = budesonide, glycopyrrolate, and 
formoterol; CI = confidence interval; PK = pharmacokinetics; LSM = least square mean
Source: pt01001-clinical-study-report.pdf, page 97, Table 26 
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The effect of BD on change in 0-24 hr serum cortisol was evaluated in COPD patients in Trial 06. 
 
Trial 06 was a Phase 3, randomized, double-blind, parallel-group, 24-week, active-controlled 
study to assess the efficacy and safety following BID treatment of BGF MDI, GFF MDI, BFF MDI, 
compared with Symbicort TBH as an active control in subjects with moderate-to-severe COPD.  
Approximately 1800 patients were randomized in a 2:2:1:1 scheme.  HPA function was assessed 
in a subset of subjects in the PK sub-study.  Serum cortisol was measured in approximately 108 
randomized subjects over 24 hours, between Visits 3 and 4 prior to dosing at Randomization 
and at Visit 10a (Week 24).  Serum cortisol samples were collected within 30 minutes prior to 
dosing, and 1, 2, 4, 8, 10, 12, 14, 16, 20, 22, and 24 hours post-dose.  The geometric mean of 0-
24 hr weighted mean serum cortisol at baseline and Week 24 following BID treatment of 4 
products are listed in Table 40. 
 
The geometric mean ratio (Week 24/baseline) of 0-24hr weighted mean serum cortisol were 
the same between GFF MDI [0.94 (CV =37%)] and Symbicort TBH [0.94 (CV =29%)], showing a 
small numerical reduction of mean serum cortisol from the baseline.  There was an additional 
small numerical reduction of geometric mean ratio of serum cortisol following BGF MDI [0.86 
(CV =39%)].   
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Table 40. Geometric Mean and Ratio of 0-24 Hr Weighted Mean Serum Cortisol at Baseline and 
Week 24 [HPA Sub-Study Population in Trial 06 

 
Abbreviations: MDI = metered dose inhaler; BFF = budesonide and formoterol fumarate; GFF = glycopyrrolate and formoterol 
fumarate; BGF = budesonide, glycopyrrolate, and formoterol; CI = confidence interval; SD = standard deviation; CV = coefficient of 
variation; HPA = hypothalamic-pituitary-adrenal
a 90% CI of the ratio was based on the ANCOVA model for log-transformed data, which included log-transformed baseline value, 
gender, age, and treatment groups as covariates
b the weighted mean at baseline was computed using all of the available baseline time points over a 24-hour period between Visits 3 
and 4.
The Reviewer’s analysis obtained similar results. The Reviewer identified baseline cortisol concentration as a significant covariate.
Source: pt010006-clinical-study-report.pdf, page 269, Table 89

In summary, the systemic exposure of BD was generally comparable between BGF MDI g and 
Symbicort MDI.  There was a slight numerical reduction of 0-24hr weighted mean serum 
cortisol ratio (Week 24/baseline) following BGF MDI 320/18/9.6 g BID treatment compared to 
GFF MDI 18/9.6 g BID treatment in COPD patients.  The clinical meaning of this small reduction 
is unclear. 
 

Outstanding Issues  

There was no clinical pharmacology-related outstanding issue for this submission.  
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Clinical Pharmacology Questions 

6.3.2.1. Does the Clinical Pharmacology Program Provide Supportive Evidence of 
Effectiveness? 

Yes, the clinical pharmacology information provides supportive evidence of effectiveness of 
BGF 320/18/9.6 g from Phase 2 dose-ranging Study PT008001 in subjects with mild-to-
moderate persistent asthma and Study PT009001 in subjects with moderate-to-severe COPD. 
 
Study PT008001 was a randomized, double-blind, chronic dosing (4 weeks), 4-period, 5-
treatment (BD MDI 40 g, BD MDI 80 g, BD MDI 160 g, BD MDI 320 g, and placebo MDI), 
incomplete block, cross-over, multi-center study in adult subjects with mild to moderate 
persistent asthma.  The primary endpoint of the study was the change from baseline in morning 
pre-dose trough FEV1 between BD MDI treatments and placebo MDI at the end of the 
Treatment Period (Week 4).   
 
The study results showed that all BD MDIs were statistically superior (p<0.05) to placebo MDI as 
measured by the primary endpoint (the mean change from baseline in morning pre-dose trough 
FEV1) at the end of the Treatment Period in mITT population (Table 35).   
 
Study PT009001 was a randomized, double-blind, chronic dosing (28 days), 4-period, 5-
treatment, incomplete block, multicenter, crossover study to assess the efficacy and safety of 
BFF MDI 320/9.6, 160/9.6, and 80/9.6 g, BD MDI 320 g, and FF MDI 9.6 g in patients with 
moderate-to-severe COPD.  In total, 180 subjects were randomized and 133 (74%) completed 
the study.  The primary endpoint was FEV1 AUC0-12 on Day 29. 
 
The study results showed that all BFF MDIs were statistically superior (p<0.05) to BD MDI 320 

g as measured by the primary endpoint, the mean change from baseline in FEV1 AUC0-12 on 
Day 29 in mITT population (Table 36). 

For discussion of efficacy from Phase 3 Trial 06, refer to Section 8 statistical and clinical 
evaluation. 

6.3.2.2. Is the Proposed Dosing Regimen Appropriate for the General Patient 
Population for Which the Indication Is Being Sought? 

Yes, the proposed dose and dosing regimen is appropriate.  The dose-ranging studies for GP 
and FF were conducted under the clinical development program for Bevespi Aerosphere (NDA 
208294; refer to the clinical pharmacology review by Dr. Sheetal Agrawal archived March 14, 
2019) for details.  The dose of GP and FF in the proposed product is the same as Bevespi 
Aerosphere. Additionally, there are only minor modifications made to the inhalation device in 
the proposed product compared to Bevespi Aerosphere. The dose-ranging exploration of BD in 
the two Phase 2 studies is considered adequate.  Additionally, the BID dosing regimen of BD is 
the approved dosing regimen for NDA 208294 Symbicort®. 
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Study PT008001 in subjects with mild-to-moderate persistent asthma demonstrated that all 
doses of BD MDI were statistically superior to Placebo MDI as measured by the primary 
endpoint, trough FEV1 response at Week 4. The two higher doses of BD MDIs (320 g and 160 

g) resulted in a clinically meaningful increase in change from baseline in the LS mean change 
from baseline in trough FEV1 compared to placebo.  Additionally, the two higher doses were 
about 30 mL higher than the two lower doses of BD MDIs (80 g and 40 g) on the primary 
endpoint, change from baseline in morning pre-dose trough FEV1 Table 35. 
 
Study PT009001 in subjects with moderate-to-severe COPD demonstrated that all doses of BFF 
MDI resulted in a greater improvement in FEV1 AUC0-12 response on Day 29 in comparison to 
BD MDI 320 g. Improvement over budesonide therapy was 221 mL for BFF MDI 320/9.6 g, 
186 mL for the BFF MDI 160/9.6 g, and 194 mL for BFF MDI 80/9.6 g. In addition, BFF MDI 
320/9.6 g resulted in a statistically significant improvement versus FF 9.6 g (56 mL). (Table 
36).  

6.3.2.3. Is an Alternative Dosing Regimen or Management Strategy Required for 
Subpopulations Based on Intrinsic Patient Factors? 

Yes, there is management strategy required for subpopulations based on intrinsic factors.  The 
proposed strategies are reasonable. 
 
Patients With Hepatic Impairment 

BD and formoterol are primarily eliminated via hepatic metabolism.  Although dedicated 
hepatic impairment studies for Breztri Aerosphere evaluating the effect of hepatic impairment 
on the PK of BD and formoterol were not conducted, an increased exposure can be expected in 
patients with severe liver hepatic impairment.  In line with the approved NDA 021929 
Symbicort®, patients with severe hepatic impairment should be monitored for signs of 
increased drug exposure. 
 
Patients With Renal Impairment 

Glycopyrronium is primarily eliminated via renal excretion.  Although dedicated renal 
impairment study for Breztri Aerosphere evaluating the effect of renal impairment on the PK of 
glycopyrronium was not conducted, popPK simulation results indicate that the systemic 
exposure (AUC0-12) of glycopyrronium in subjects with COPD with moderate renal impairment 
(eGFR of 45 mL/min) increased by approximately 68% compared to subjects with COPD with 
normal renal function (eGFR of >90 mL/min).  In line with the approved NDA 208294 Bevespi 
Aerosphere®, the use of Breztri Aerosphere in patients with severe renal impairment should be 
considered if the potential benefit of the treatment outweighs the risk. 
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6.3.2.4. Are There Clinically Relevant Food-Drug or Drug-Drug Interactions, and 
What Is the Appropriate Management Strategy? 

Yes, there are clinically relevant drug-drug interactions proposed with appropriate 
management strategy.  Food effect study was not conducted for the proposed product as food 
is not expected to impact the delivery performance of this inhaled drug product. 
 
BD is a substrate of CYP3A4 enzyme.  In line with the approved NDA 021929 Symbicort®, Breztri 
Aerosphere is recommended to be used with caution when co-administered with strong 
cytochrome P450 3A4 inhibitors (e.g. ritonavir), which may cause systemic corticosteroid 
effects. 
 
FF is a beta-adrenergic receptor agonist.  In line with the approved NDA 208294 Bevespi 
Aerosphere® (GFF MDI), Breztri Aerosphere is recommended to be used with caution when co-
administered with: 

other adrenergic drugs 
non-potassium sparing diuretics, xanthine derivatives or steroids which may potentiate 
hypokalemia or ECG changes. 
monoamine oxidase inhibitors and tricyclic antidepressants which may potentiate effect 
of formoterol fumarate on cardiovascular system. 
beta-blockers which may block bronchodilatory effects of beta-agonists and produce 
severe bronchospasm. 

 
GP is a cholinergic receptor antagonist.  In line with the approved NDA 208294 Bevespi 
Aerosphere® (GFF MDI), the concomitant use of Breztri Aerosphere should be avoided with 
other anticholinergics which may interact additively.  
 

6.3.2.5. Is the To-Be-Marketed Formulation the Same as the Clinical Trial 
Formulation, and if Not, Are There Bioequivalence Data To Support the To-Be-
Marketed Formulation? 

Yes, the to-be-marketed BGF MDI formulation is the same as the clinical trial formulation. 
 
BD, GP, and FF inhalation aerosol is an FDC product. The formulation, a white suspension, is 
contained within a  aluminum can fitted with a metering valve, a white plastic actuator, a 
grey plastic dust cap, and a can-top dose indicator.  The product is foil overwrapped with 
desiccant.  A diagram of the BGF MDI product is shown in Figure 2. 
 

Reference ID: 4497690

(b) (4)







NDA/BLA Multi-disciplinary Review and Evaluation {NDA 212122} 
{Breztri Aerosphere, Budesonide/Glycopyrrolate/Formoterol Fumarate Inhalation Aerosol} 
 

  93 

7. Sources of Clinical Data and Review Strategy 

Table of Clinical Studies 

Phase 3 clinical trials reviewed to evaluate the safety and efficacy of BGF are shown in Table 46.  
Note that this table does not contain all clinical studies submitted with the NDA.  
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Review Strategy 

Support for the efficacy of BGF is based on a single phase 3 trial, Trial 06, with supporting 
evidence derived from the BFF development program (Trial 02 and Trial 03).  BFF is not an 
approved product and a full development program for BFF was necessary to demonstrate the 
added benefit of the triple combination (BGF) over the double combinations (GFF and BFF).  
GFF (Bevespi Aerosphere) is an approved product and evidence for its efficacy and safety is 
derived from its approval (NDA 208294).  Efficacy analysis was performed by FDA 
Biostatisticians to confirm the data shown in support of the Applicant’s primary and secondary 
endpoints.  The review of protocols and efficacy is in Section 8.1.  Support for the safety of BGF 
is primarily based on the results of Trial 06 and its safety extension trial, Trial 08.  Safety 
analysis was performed by the Clinical Reviewer and is in Section 8.2.   

8. Statistical and Clinical and Evaluation 

Review of Relevant Individual Trials Used to Support Efficacy 

The review of efficacy focused on three phase 3 trials: Trial 06, 02 and 03.  
 
BGF Trial 06 was designed to assess the contribution of ICS (budesonide) and LAMA 
(glycopyrrolate) to the BGF triple-combination products.  BFF Trial 02 was designed to assess 
the contribution of ICS and LABA to the double combination product BFF, and BFF Trial 03 was 
designed to assess the contribution of ICS to the double combination product BFF. 
 
The statistical reviewer evaluated the efficacy results of all the co-primary endpoints (or 
primary endpoint) and all the secondary endpoints which were specified in the Statistical 
Analysis Plan. 

BGF Protocol Reviews: Trial 06 and Trial 08 

8.1.1.1. Trial 06 (PT010006) – BGF 24-Week Lung Function Trial 

Title: “A randomized, double-blind, parallel-group, 24-week, chronic-dosing, multi-center study 
to assess the efficacy and safety of PT010 (BGF), PT003 (GFF), and PT009 (BFF) compared with 
Symbicort Turbuhaler (TBH) as an active control in patients with moderate to very severe 
chronic obstructive pulmonary disease” 

Study dates: August 20, 2015 – January 5, 2018 
Study report date: June 6, 2018 
Study sites: United States, Canada, Japan, and China 
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Trial Design 

This was a multicenter, randomized, double-blind, parallel-group, chronic-dosing (24 weeks) 
trial to assess the efficacy and safety of BGF MDI, GFF MDI, and BFF MDI, with Symbicort TBH as 
an active control, in patients with moderate to very severe COPD.  At Visit 1, patients signed an 
informed consent form (ICF) prior to the conduct of any screening assessments and must have 
met spirometry criteria as re-screening was not allowed after Visit 1.  Patients who met all entry 
criteria discontinued any prohibited COPD medications for the duration of the trial, with a 
minimum washout period observed between Visits 1 and 2.  The screening period lasted a total 
of 4 weeks.  Randomization occurred at Visit 4 and was followed by a 24-week double-blind 
treatment period ending at Visit 10a.  Patients were randomized in a 2:2:1:1 ratio (BGF, GFF, 
BFF, or Symbicort, respectively).  The trial schematic is shown in Figure 3 and the schedule of 
assessments is shown in Table 47. 
 
This trial included the following 3 sub-studies: 12-hour serial spirometry, PK, and HPA axis 
function.  Subject participation in the sub-studies was determined at screening, prior to any 
trial procedures. 

Figure 3. Trial 06 Schematic

 
Abbreviations: BGF = budesonide/glycopyrrolate/formoterol fumarate; BFF = budesonide/formoterol fumarate; GFF =
glycopyrrolate/formoterol fumarate; MDI = metered dose inhaler; TBH = Turbuhaler
Source: PT010006 Protocol Version 3.0; Figure 1; pg 38
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Table 47. Trial 06 Schedule of Assessments

Source: PT010006 Protocol Version 3.0; Table 8; pgs 85-87

Overall, the design of the trial is reasonable to assess lung function and consistent with other 
programs for COPD inhaled products. 
 
Objectives

Primary objective: To assess the effects of BGF MDI, GFF MDI, BFF MDI, and Symbicort 
TBH on lung function. 
Secondary objectives:  
– To assess the effects of BGF MDI, GFF MDI, BFF MDI, and Symbicort TBH on dyspnea, 

quality of life, COPD symptoms, and COPD exacerbations. 
– To determine the time to onset of action of BGF MDI, GFF MDI, BFF MDI, and 

Symbicort TBH. 
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– To assess the safety of BGF MDI, GFF MDI, BFF MDI, and Symbicort TBH. 
– To assess overall and COPD-specific Healthcare Resource Utilization of BGF MDI, GFF 

MDI, BFF MDI, and Symbicort TBH. 
12-hour pulmonary function test (PFT) sub-study: To assess the effect of BGF MDI, GFF 
MDI, BFF MDI, and Symbicort TBH on PFT parameters over 12 hours. 
PK sub-study: To characterize the steady state PK of budesonide, glycopyrronium, and 
formoterol based on PK assessments. 
HPA axis sub-study: To assess the effect of BGF MDI, GFF MDI, BFF MDI, and Symbicort 
TBH on HPA axis function. 

 
Trial Population 

The trial consisted of 1902 randomized COPD patients.  
 
Key Inclusion Criteria 

Signed informed consent to participate. 
Were at least 40 years of age and no older than 80 at Visit 1. 
A female was eligible to enter and participate in the study if she was of: 
– Non-childbearing potential. 
– Childbearing potential had a negative serum pregnancy test at Visit 1, and agreed to 

an acceptable form of contraception. 
COPD diagnosis as defined by the American Thoracic Society/European Respiratory 
Society or by locally applicable guidelines. 
Current or former smokers with a history of at least 10 pack-years of cigarette smoking. 
Patients with an established clinical history of COPD and severity defined as: 
– At Visit 1, FEV1/FVC ratio was <0.70 and FEV1 was <80% predicted normal value. 
– At Visit 2, post-bronchodilator FEV1/FVC ratio was <0.70 and post-bronchodilator 

FEV1 was 25% to <80% predicted normal value. 
– At Visit 4, the average of the 60 minutes and 30 minutes predose FEV1 assessments 

was <80% predicted normal value. 
– Symptomatic (CAT 10) at Screening (Visit 2). 
Use of 2 or more inhaled maintenance therapies for the management of their COPD for 
at least 6 weeks prior to Screening.  
Subject was willing and, in the opinion of the Investigator, able to adjust current COPD 
therapy, as required by the protocol. 
Screening clinical laboratory tests were acceptable to the Investigator. 
Screening ECG was acceptable to the Investigator. 
Chest x-ray or CT scan of the chest/lungs within 6 months prior to Visit 1 was acceptable 
to the Investigator. 
Patients must have been willing to remain at the study center as required per protocol 
to complete all visit assessments. 
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Key Exclusion Criteria 

Significant diseases or conditions other than COPD that in the opinion of the 
Investigator, may have put the patient at risk because of participation in the study or 
may have influenced either the results of the study or the subject’s ability to participate 
in the study. 
Women who were pregnant or lactating, or were planning to become pregnant during 
the course of the study, or women of childbearing potential who were not using an 
acceptable method of contraception. 
Respiratory diseases including asthma, alpha-1 antitrypsin deficiency, active 
tuberculosis, lung cancer, bronchiectasis, sarcoidosis, idiopathic pulmonary fibrosis, 
primary pulmonary hypertension, and uncontrolled sleep apnea.  
Patients who had undergone lung volume reduction surgery, lobectomy, or 
bronchoscopic lung volume reduction within 6 months 
Hospitalization for COPD within 3 months prior to Visit 1.  
Acute worsening of COPD that required treatment with oral steroids or antibiotics 
within 6 weeks prior to Visit 1.  
Lower respiratory tract infection that required antibiotics within 6 weeks prior to Visit 1. 
Upper respiratory tract infection not resolved at least 7 days prior to screening. 
Chest X-ray abnormalities requiring additional investigation/treatment or may put 
subject at risk because of study participation. 
Substantial risk of pneumonia in the opinion of the Investigator. 
Patients who could not perform acceptable and repeatable spirometry by ATS/ERS 
acceptability criteria. 
Long term oxygen therapy except for as needed oxygen. 
Use of non-invasive positive pressure ventilation device. 
Change in smoking status within 6 weeks of Visit 1. 
Pulmonary rehabilitation within 4 weeks prior to Visit 1.  
Initiated or altered use of intranasal corticosteroids and/or antihistamines within 7 days 
prior to Visit 1. 
Cardiac diseases including unstable ischemic heart disease, left ventricular failure, 
documented myocardial infarction within 6 months, percutaneous coronary 
intervention within 3 months, and coronary artery bypass graft within 3 months. 
Congestive heart failure with New York Heart Association Class III/IV symptoms. 
Clinically significant abnormal ECG including conduction abnormalities, arrhythmias, 
prolonged QT interval, ventricular bradycardia, significant ST-T wave abnormalities, or 
any other ECG abnormalities that are clinically significant in the opinion of the 
Investigator. 
Uncontrolled hypertension. 
Neurologic conditions including seizures requiring anticonvulsants within 12 months, 
changes in dose of selective serotonin reuptake inhibitors or serotonin-norepinephrine 
reuptake inhibitors within 4 weeks, or cerebrovascular accident within 6 months. 
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Renal/urinary disorders including symptomatic prostatic hypertrophy or prostate 
resection within 6 months, bladder neck obstruction, urinary retention, and calculated 
creatinine clearance 30 mL/minute.  
Endocrine disorders including uncontrolled thyroid disease, hypokalemia, 
hyperadrenergic state, or diabetes. 
Abnormal liver function tests.  
Cancer that has not been in complete remission at least 5 years. 
Inadequately treated glaucoma. 
Drug allergy to BGF components or drugs of the same class.  
Substance abuse. 
Treatment with investigational drug or device within the last 30 days or within 5 half-
lives prior to Visit 1.  
Previous enrollment in PT009 or PT010 studies.  

 
Key Withdrawal Criteria 

Patient personal request. 
Calculated QTcF >500 msec and increased by 60 msec or more over baseline value 
Abnormal LFT 3 x ULN 
Use of prohibited medications.  
The Investigator will determine the suitability of the subject continuing on study drug if 
any of the following occur: Increase in heart rate >40 bpm or systolic blood pressure >40 
mmHg after dosing, or decrease in creatinine clearance 30 mL/min. 

 
The inclusion criteria and exclusion criteria are reasonable and consistent with other programs 
for COPD inhaled products.  Based on these criteria, the study population will likely be 
representative of the target population. 
 
Treatments 

The trial consisted of 4 treatment groups.  All treatments were taken twice daily.  The 
treatment groups are as follows: 

BGF (budesonide/glycopyrrolate/formoterol) 320/18/9.6 g 
GFF (glycopyrrolate/formoterol) 18/9.6 g (approved dose in US) 
BFF (budesonide/formoterol) 320/9.6 g 
Symbicort Turbuhaler (budesonide/formoterol) 400/12 g (open-label; unapproved in 
US) 
BGF, GFF, and BFF were all administered via MDI.  All patients were provided with 
albuterol sulfate inhalation aerosol 90 g to be taken as directed on an as needed basis 
during the trial. 
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The medication restrictions are typical for a COPD trial. 
 
Trial Endpoints 

Primary Endpoints 

FEV1 AUC0-4 hours at Week 24 (BGF vs.BFF) 
Change from baseline in morning pre-dose trough FEV1 at Week 24(BGF vs.GFF) 

 
Secondary Endpoints 

Change from baseline in morning pre-dose trough FEV1 over 24 weeks 
Percentage of subjects achieving a minimal clinically important difference (MCID) of 4 
units in SGRQ total score at Week 24 
Change from baseline in average daily rescue Ventolin HFA use over 24 weeks 
Peak change from baseline in FEV1 within 4 hours post-dosing at Week 24 
Rate of moderate or severe COPD exacerbations over 24 weeks (BGF vs.BFF and GFF) 
Time to onset of action on Day 1 

 
A COPD exacerbation was defined as a change in the subject’s usual COPD symptoms that 
lasted 2 or more days, was beyond normal day-to-day variation, was acute in onset, and may 
have warranted a change in regular medication.  The change in symptoms must have included 
at least 1 major COPD symptom (dyspnea, change in sputum volume, and change in sputum 
color) and at least 1 other major or minor symptom (cough, wheeze, sore throat, cold 
symptoms, and fever without other cause).  An exacerbation was considered moderate if it 
resulted in use of systemic corticosteroids and/or antibiotics for at least 3 days.  Exacerbations 
were considered severe if they resulted in an inpatient COPD-related hospitalization or death. 
 
Safety Endpoints 

AEs 
ECGs 
Clinical laboratory testing 
Vital signs measurement 

 
The trial endpoints and definition of COPD exacerbation are reasonable and consistent with the 
trial objectives and are similar to other COPD development programs.  The co-primary 
endpoints are chosen to demonstrate the contribution of GP and BD to the triple combination.  
(BGF vs. GFF) (BGF vs. BFF).  Overall the trial design is adequate to support the efficacy of BGF 
given that GFF is approved and provided that the BFF program demonstrates the efficacy of 
BFF.  
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12-Hour PFT Sub-Study Endpoints 

FEV1 AUC0-12 at Week 24 
 
PK Sub-Study Endpoints 

AUC0-12 
Time to reach maximum observed plasma concentration 
Maximum observed plasma concentration 
Terminal elimination rate constant 
Terminal elimination half-life 
Minimum observed plasma concentration 
Time-average concentration during a dosing interval 
%Fluctuation 
%Swing 

 
HPA Axis Sub-Study Endpoints 

Ratio to Baseline of the 0- to 24-hour weighted mean serum cortisol concentration 
curve at Visit 10a (Week 24) 

Statistical Analysis Plan 

Analysis Population and Estimand 

Four analysis populations were defined in this trial: intent-to-treat (ITT) population, modified 
intent-to-treat (mITT) population, per-protocol (PP) population and safety population.  
 
The ITT Population was defined as all subjects who are randomized to treatment and receive at 
least one dose of the study treatment.   
 
The mITT Population was a subset of the ITT Population, defined as all subjects with post 
randomization data obtained prior to discontinuation from treatment.  
 
The PP Population was a subset of the ITT Population, defined as all subjects with post 
randomization data obtained prior to any major protocol deviations. If the first treatment 
received is the wrong treatment, then the subject was excluded entirely from the PP 
population. 
 
The safety population is defined as all subjects who are randomized to treatment and receive at 
least one dose of the study treatment. 
 
Four estimands were defined in this trial: efficacy estimand, attributable estimand, treatment 
policy estimand and per protocol estimand. 
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The efficacy estimand is the effect of the randomized treatments in all subjects assuming 
continuation of randomized treatments for the duration of the trial regardless of actual 
compliance.  This assumes that efficacy observed on treatment is reflective of what would have 
occurred after discontinuation of randomized treatment had they remained on treatment. 
 
The attributable estimand is the effect of treatment in subjects attributable to the randomized 
treatment. For this estimand, discontinuation of randomized medication for reasons such as 
tolerability or lack of efficacy is considered a bad outcome.  
 
The treatment policy estimand is the effect of randomized treatment over the trial period 
regardless of whether randomized treatment is continued.  
 
The per protocol estimand is the effect of treatment on subjects who are compliant with the 
protocol without major protocol deviation, including the use of randomized medication. 
 
All the primary efficacy analyses targeted the efficacy estimand. Only data obtained prior to 
subjects discontinuing from randomized treatment were utilized in the analyses. 
 
There are four pairwise comparisons of treatments of interest, namely: 

BGF MDI vs. GFF MDI, 
BGF MDI vs. BFF MDI, 
BGF MDI vs. Symbicort TBH, and 
BFF MDI vs. Symbicort TBH. 

 
In this review we only focus on the comparison of BGF versus GFF and comparison of BGF 
versus BFF to assess the contribution of ICS and LAMA to the triple-combination products BGF. 
 
Statistical Analysis Model and Additional Analyses 

Co-Primary Endpoints 
Lung function contribution of ICS to BGF was assessed by the co-primary endpoint of change 
from baseline in morning pre-dose trough FEV1 at Week 24; contribution of LAMA to BGF was 
assessed by the co-primary endpoint of change from baseline in FEV1 AUC0-4 at Week 24. 
 
The change from baseline in morning pre-dose trough FEV1 and change from baseline in FEV1 
AUC0-4 at Week 24 were analyzed using a repeated measure linear mixed model. The model 
included treatment, visit, treatment by visit interaction, and ICS use at Screening as categorical 
covariates and baseline FEV1, baseline eosinophil count, and percent reversibility to Ventolin 
HFA as continuous covariates. Point estimates with two-sided 95% CIs and two-sided p-values 
were produced for each treatment difference of interest.  
 
The Applicant also conducted analyses targeting alternative estimands, such as attributable 
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estimand and treatment policy estimand. Sensitivity analyses including tipping point analysis 
based on efficacy estimand were also conducted by the Applicant to assess impact of missing 
data on the primary analysis results.  
 
Secondary Endpoints 
The primary analyses of the secondary endpoints targeted the efficacy estimand.  
 
There were six secondary endpoints. They are listed in the order of testing hierarchy:  

1. Change from baseline in morning pre-dose trough FEV1 over 24 weeks 
2. Percentage of subjects achieving an MCID of 4 units in SGRQ total score at Week 24 
3. Change from baseline in average daily rescue Ventolin HFA use over 24 weeks 
4. Peak change from baseline in FEV1 within 4 hours post-dosing at Week 24 
5. Rate of moderate or severe COPD exacerbations over 24 weeks (BGF vs.BFF and GFF) 
6. Time to onset of action on Day 1 

 
The SGRQ responder was defined as subjects with an improvement of (i.e. a decrease in the 
total SGRQ score of) 4.0 points at Week 24. The analysis of SGRQ responder used logistic 
regression, including baseline SGRQ Score, baseline eosinophil count, baseline post 
bronchodilator percent predicted FEV1, and percent reversibility to Ventolin HFA as continuous 
covariates, and treatment, country, and ICS use at Screening as categorical covariates. P-values 
and odds ratios with 95% CIs were produced for each treatment comparison. 
Analysis of rate of moderate or severe COPD exacerbations used negative binomial regression 
adjusting for baseline post-bronchodilator percent predicted FEV1 and baseline eosinophil 
count as continuous covariates, and baseline COPD exacerbation history (Yes, No), country, and 
ICS use at Screening (yes/no) as categorical covariates. 
 
Missing Data Handling and Sensitivity Analysis 

The primary analysis of the co-primary endpoints and secondary endpoints targeted the 
efficacy estimand. Data collected after discontinuing the study treatment was excluded from 
the primary analysis and treated as missing.  
 
The Applicant conducted tipping point analysis based on the efficacy estimand as a sensitivity 
analysis to assess impact of missing data.  
 
Multiplicity 

The overall type I error probability was controlled using a hierarchical testing procedure 
between the co-primary and secondary endpoints. Figure 4 presents the testing order of the co-
primary and key secondary endpoints. 
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Due to one of the co-primary endpoints failed to reach statistical significance, we only consider 
the nominal p-values of all the subsequent tests. Additionally, we mainly focus on the following 
two secondary endpoints: 

Percentage of subjects achieving an MCID of 4 units in SGRQ total score at Week 24 
Rate of moderate or severe COPD exacerbations over 24 weeks (BGF vs.BFF and GFF) 

 

Figure 4. Type I Error Control of Trial 06

 
Abbreviations: BGF = budesonide/glycopyrrolate/formoterol fumarate; BFF = budesonide/formoterol fumarate; GFF =
glycopyrrolate/formoterol fumarate; MDI = metered dose inhaler; AUC0-4 = area under the curve from zero to four hours; FEV1 =
forced expiratory volume in 1 second
Source: Applicant’s SAP Figure 5 (Page 3432 of Statistical Method and Analysis)

Subgroup Analysis and Bayesian Shrinkage Subgroup Analysis

For both co-primary endpoints, subgroup analyses were conducted on the following categories: 
Baseline characteristics 
– Baseline Eosinophil Counts 
– Percent Predicted Post-bronchodilator FEV1 
– Severity of COPD 
– Gold Category 
Country 
Race 
Age 
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Gender 
ICS Use at Screen 

 
In this review, we focused on the following subgroup analyses using both traditional subgroup 
analysis and Bayesian shrinkage subgroup analysis: 

Age 
Gender 
Race 
Country 

Protocol Amendments 

The first version of the protocol dated May 18, 2015 was amended twice globally (all countries 
affected) on May 4, 2016 and August 25, 2017.  Japan-specific amendments were also made. 
Global protocol amendments are summarized as follows:  
 
August 25, 2017 Amendment 

Made rate of moderate or severe exacerbations a secondary endpoint instead of an 
exploratory endpoint 
US endpoints and Type I error control strategy added 
Provided more complete definition of the mITT population 
A separate margin of 75 mL is specified for post-dose FEV1 measures 

 
May 4, 2016 Amendment 

Updated the adjudication committee name to Clinical Endpoint Committee (CEC) and 
clarify that there is one CEC with three CEC charters 
Clarify that the DMC provides assessment of all safety data and not just Serious Adverse 
Events (SAEs) 
Added health care resource utilization endpoints 
Hy’s law added, which was initially omitted in error  

The protocol amendments submitted do not affect the interpretation of results for Trial 06. 
 

8.1.1.2. Trial 08 (PT010008) – BGF 28-Week Safety Extension of Trial 06 

Title: “A randomized, double-blind, parallel-group, 52-week, chronic-dosing, multi-center study 
to assess the safety and tolerability of PT010 (BGF), PT009 (BFF), and PT003 (GFF) in subjects 
with moderate to very severe chronic obstructive pulmonary disease” 

Study dates: September 24, 2015 – September 6, 2017 
Study report date: April 27, 2018 
Study sites: United States 

Reference ID: 4497690



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 212122} 
{Breztri Aerosphere, Budesonide/Glycopyrrolate/Formoterol Fumarate Inhalation Aerosol} 
 

  108 

Trial Design 
This was a randomized, double-blind, parallel-group, 52-week, chronic-dosing, multi-center 
safety extension trial of Trial 06 (28-weeks in addition to the 24-weeks completed in Trial 06 for 
a cumulative duration of 52-weeks) to assess the effects of BGF, BFF, and GFF on bone mineral 
density (BMD), ophthalmologic assessments, and safety and tolerability in subjects with 
moderate to very severe COPD.  This extension trial was conducted in a subset of subjects who 
completed Trial 06 and a separate ICF was obtained prior to any trial procedures.  Subjects 
randomized to open-label Symbicort TBH were not enrolled.  The trial schematic is shown in 
Figure 5 and the schedule of assessments is shown in Table 49.  
 

Figure 5. Trial 08 Schematic

Abbreviations: BGF = budesonide/glycopyrrolate/formoterol fumarate; BFF = budesonide/formoterol fumarate; BMD = bone mineral 
density; GFF = glycopyrrolate/formoterol fumarate; TBH = Turbuhaler
Source: PT010008 CSR; Figure 1; pg 20
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Table 49. Trial 08 Schedule of Assessments

Source: PT010008 CSR; Figure 2; pgs 22-24

Overall, the design of the trial is reasonable to assess safety. 
 
Objectives

Primary objectives:  
– To evaluate the effect of BGF, GFF, and BFF on BMD over 52 weeks. 
– To evaluate the effect of BGF, GFF, and BFF on ocular assessments over 52 weeks 
Secondary objective: To assess the safety and tolerability of BGF, GFF, and BFF over 52 
weeks.
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Trial Population 

The trial consisted of 627 COPD patients who were randomized in Trial 06 and also signed the 
ICF for Trial 08.  
 
Inclusion Criteria 

Signed inform consent to participate. 
Must have agreed to participate in Trial 06 (see Trial 06 inclusion criteria) 

Key Exclusion Criteria 

Severe osteoporosis 
T-score (measure of bone density) <-2.5 at baseline 
Subjects unable to achieve an acceptable BMD scan 
Inability to dilate pupil 6 mm 
Intraocular pressure 21 mmHg 
Implanted artificial intraocular lens 

Key Withdrawal Criteria 
1. Patient personal request. 

2. Calculated QTcF >500 msec and increased by 60 msec or more over baseline value 
3. Abnormal LFT 3 x ULN 
4. Use of prohibited medications.  
5. The Investigator will determine the suitability of the subject continuing on study drug 

if any of the following occur: Increase in heart rate >40 bpm or systolic blood 
pressure >40 mmHg after dosing, or decrease in creatinine clearance 30 mL/min. 

 
Treatments 
The trial consisted of 3 treatment groups.  All treatments were taken twice daily.  The 
treatment groups are as follows: 

BGF (budesonide/glycopyrrolate/formoterol) 320/18/9.6 g 
GFF (glycopyrrolate/formoterol) 18/9.6 g (approved dose in US) 
BFF (budesonide/formoterol) 320/9.6 g 

All patients were provided with albuterol sulfate inhalation aerosol 90 g to be taken as 
directed on an as needed basis during the trial. 

Restricted Medications 

See Table 48 for Trial 06 prohibited medications.  These are the same for Trial 08.  
Overall, the inclusion and exclusion criteria are reasonable and consistent with the trial 
objectives. 
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BFF Protocol Reviews: Trial 02 and Trial 03 

8.1.2.1. Trial 02 (PT009002) – BFF 24-week lung function trial 

Title: “A randomized, double-blind, parallel group, multi-center study to assess the efficacy and 
safety of PT009 (BFF) compared to PT005 (FF), PT008 (BD), and open-label Symbicort 
Turbuhaler, as an active control, on lung function over a 24-week treatment period in patients 
with moderate to very severe COPD” 

Study dates: June 16, 2016 – November 30, 2017 
Study report date: May 17, 2018 
Study sites: United States, Canada, Germany, Czech Republic, Hungary, Poland, and 
Russia 

Trial Design 

This was a multicenter, randomized, double-blind, parallel-group, 24-week lung function trial 
with BFF MDI (budesonide/formoterol at 320/9.6 g and 160/9.6 g) compared to FF MDI (9.6 

g), BD MDI (320 g), and open-label Symbicort TBH in patients with moderate to very severe 
COPD.  Patients underwent a 1-4 week screening period.  They were allowed to continue the 
ICS component of their inhaled maintenance therapy during this time. Patients were placed on 
Applicant-provided albuterol sulfate inhalation aerosol for rescue throughout the screening and 
treatment periods.  Patients were randomized in a 3:3:3:1:1 ratio (BFF 320/9.6, BFF 160/9.6 g, 
FF, BD, and Symbicort TBH, respectively). The trial schema is shown in Figure 6 and the 
schedule of events is shown in Table 50.  The trial includes a PFT sub-study where 12-hour lung 
function data will be collected at week 12.  
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Figure 6. Trial 02 Schematic

 
Source: PT009003 Protocol Version 4.0; Figure 4-1; pg 25
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Table 50. Trial 02 Schedule of Events

Source: PT009002 Protocol Version 3.0; Table 8-1; pg 73-74

Overall, the design of the trial is reasonable to assess lung function and consistent with other 
programs for COPD inhaled products.  No placebo arm was included in Trial 02 at the 
recommendation of FDA at the BFF EOP2 meeting.  There were ethical concerns with treating 
moderate to severe COPD patients with placebo for 24-weeks.  It was also the FDA’s opinion 
that demonstration of added benefit of BFF over FF, which was found to be effective in the 
approval of GFF, as well as BD was sufficient to demonstrate efficacy of BFF.  
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Objectives 
Primary objective: To assess the effects of BFF MDI relative to FF MDI and BD MDI on 
lung function. 
Secondary objectives: 
– To assess the effects of BFF MDI relative to FF MDI, BD MDI, and Symbicort TBH on 

symptoms of COPD. 
– To assess the effects of BFFMDI relative to FF MDI, BD MDI, and Symbicort TBH on 

quality of life. 
– To determine the time to onset of action on Day 1. 

PFT sub-study: To characterize FEV1 over 12 hours at Week 12. 
 
Trial Population 

The trial consisted of 2389 randomized COPD patients.  
 
Key Inclusion Criteria 

The inclusion criteria were similar to those in Trial 06 except the following: 
At Visit 2, post-bronchodilator FEV1/FVC ratio was <0.70 and post-bronchodilator FEV1 
was 30% to <80% predicted normal value. 
Use of 1 or more inhaled bronchodilators as maintenance therapy for the management 
of their COPD for at least 6 weeks (scheduled SABA and/or scheduled SAMA are 
included).  

 
Key Exclusion Criteria 

The exclusion criteria were similar to those in Trial 06 except the following: 
Receiving an ICS, LABA, and LAMA (as inhaled triple maintenance therapy) in the past 30 
days. 
Hospitalized due to or has poorly controlled COPD within 6 weeks prior to Visit 1.  
Treatment with systemic corticosteroids and/or antibiotics for COPD or respiratory 
infection within 4 weeks prior to Visit 1.  
Received a live attenuated vaccine within seven days.  
Hospitalized for psychiatric disorder or attempted suicide within one year. 
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Key Withdrawal Criteria 
Patient personal request. 
The Investigator will determine the suitability of the subject continuing on study drug if 
any of the following occur:  
– QTc 500 msec or 60 msec from pre-dose baseline 
– Abnormal LFT 3 x ULN 
– Use of prohibited medications.  
– Increase in heart rate >40 bpm from pre-dose value 
– Heart rate >120 bpm  
– Systolic blood pressure >160 mmHg or >40 mmHg increase from pre-dose level 
– Decrease in creatinine clearance 30 mL/min. 
Female subject becoming pregnant 

 
The inclusion criteria and exclusion criteria are reasonable and consistent with other programs 
for COPD inhaled products.  Based on these criteria, the trial population will likely be 
representative of the target population. 
 
Treatments 

The trial consisted of 5 treatment groups.  All treatments were taken twice daily.  The 
treatment groups are as follows: 

BFF (budesonide/formoterol) 320/9.6 g 
BFF (budesonide/formoterol) 160/9.6 g 
FF (formoterol) 9.6 g 
BD (budesonide) 320 g 
Symbicort Turbuhaler (budesonide/formoterol fumarate) 400/12 g (open-label; 
unapproved in US) 

 
All except Symbicort Turbuhaler were administered via MDI. All patients were provided with 
albuterol sulfate inhalation aerosol 90 g to be taken as directed on an as needed basis during 
the trial. 
 
Restricted Medications 

Prohibited medications with minimum washout period or prohibited time period are similar to 
those in Trial 06 and are shown in Table 48.  One notable difference is for systemic 
anticholinergics, which required a 7-day washout.  Note that patients who were dependent on 
steroids and maintained on an equivalent of up to 5 mg oral prednisone daily or up to 10 mg 
oral prednisone every other day for at least 3 months prior to Visit 1 were eligible for 
enrollment provided the dose remained consistent.  Patients may have been treated with 
systemic corticosteroids during the treatment period if required. 
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Trial Endpoints 

Primary Endpoints 
Change from baseline in morning pre-dose trough FEV1 at Week 24 (BFF vs.FF) 
Change from baseline in FEV1 AUC0-4 at Week 24 (BFF vs.BD) 

 
Secondary Endpoints 

Percentage of patients achieving an MCID of 4 units or more in SGRQ total score at 
Week 24 (BFF vs.FF; BFF vs.BD) 
Change from baseline in morning pre-dose trough FEV1 at Week 24 (BFF vs.BD) 
Peak change from baseline in FEV1 at Week 24 (BFF vs.BD) 
Change from baseline in average daily rescue albuterol use over 24 weeks (BFF vs.BD) 
Time to onset of action on Day 1 
Time to first moderate or severe COPD exacerbation (BFF vs.FF) 

 
Safety Endpoints 

AEs 
ECGs 
Clinical laboratory testing 
Vital signs measurement 

 
PFT sub-study endpoints (over 12-hours post-dose at Week 12) 

FEV1 AUC0-12  
 
The trial endpoints are reasonable and consistent with the trial objectives and are similar to 
other COPD development programs. 

Statistical Analysis Plan 

Analysis Population and Estimand 

Same as Trial 06, four analysis populations were defined in this trial: ITT population, mITT 
population, PP population and safety population; and four estimands were defined in this trial: 
efficacy estimand, attributable estimand, treatment policy estimand and per protocol estimand. 
 
There were 5 pairwise comparisons of treatments of interest:  

BFF MDI 320/9.6 g vs.FF 9.6 g MDI 
BFF MDI 160/9.6 g vs.FF 9.6 g MDI 
BFF MDI 320/9.6 g vs.BD 320 g MDI 
BFF MDI 160/9.6 g vs.BD 320 g MDI 
BFF MDI 320/9.6 g vs.Symbicort TBH 
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In this review we focused primarily on the comparison of BFF MDI 320/9.6 g versus FF 9.6 g 
MDI and comparison of BFF MDI 320/9.6 g versus BD 320 g MDI, given the proposed dose of 
the BGF. 
 
Statistical Analysis Model and Additional Analyses 

Co-Primary Endpoints 
Lung function contribution of ICS to BFF was assessed by the co-primary endpoint of change 
from baseline in morning pre-dose trough FEV1 at Week 24; contribution of LABA to BFF was 
assessed by the co-primary endpoint of change from baseline in FEV1 AUC0-4 at Week 24. 
 
The primary analysis was conducted for the efficacy estimand. The change from baseline in 
morning pre-dose trough FEV1 at Week 24 and change from baseline in FEV1 AUC0-4 at Week 24 
were analyzed using a repeated measure linear mixed model. The model included treatment, 
visit, treatment by visit interaction, and ICS use at Screening as categorical covariates and 
baseline FEV1, baseline eosinophil count, and percent reversibility to Ventolin HFA as 
continuous covariates. Point estimates with two-sided 95% CIs and two-sided p-values were 
produced for each treatment difference of interest.  
 
The Applicant also conducted analysis using attributable estimand. Sensitivity analysis of tipping 
point analysis based on efficacy estimand was conducted by the Applicant. 
 
Secondary Endpoints 
There were six secondary endpoints (see Figure 8 for Type I Error Control): 

Time to first moderate or severe COPD exacerbation (BFF vs.FF) 
Percentage of subjects achieving an MCID of 4 units in SGRQ total score at Week 24 
(BFF vs.FF)  
Peak change from baseline in FEV1 post-dosing at Week 24 (BFF vs.BD) 
Change from Baseline in average daily Ventolin HFA use (puffs per day) over 24 weeks 
(BFF vs.BD) 
Time to onset of action as assessed by FEV1 on Day 1 (BFF vs.BD) 
Change from baseline in morning pre-dose trough FEV1 at Week 24 (BFF vs.BD) 
SGRQ responder rate at Week 24 (BFF vs.BD) 

 
All the primary analyses for the secondary endpoints targeted efficacy estimand. 
 
Responder of SGRQ were defined as subjects with an improvement of 4.0 points at Week 24. 
SGRQ responder analysis used logistic regression with baseline SGRQ score, baseline eosinophil 
count, baseline post-bronchodilator percent predicted FEV1, and percent reversibility to 
Ventolin HFA as continuous covariates, and treatment and ICS use at Screening as categorical 
covariates. Contrasts were used to obtain estimates of the response odds ratios at Week 24. 

Reference ID: 4497690



NDA/BLA Multi-disciplinary Review and Evaluation {NDA 212122} 
{Breztri Aerosphere, Budesonide/Glycopyrrolate/Formoterol Fumarate Inhalation Aerosol} 
 

  118 

Two-sided p-values and point estimates with two-sided 95% CIs were produced for each odds 
ratio.  
 
The onset of action for BFF MDI was evaluated on Day 1 by comparing BFF MDI vs.BD MDI 
in the mean change from baseline in FEV1 at the 5-minute post-dose timepoint. Analysis used a 
linear model for repeated measures. The model included baseline FEV1, percent reversibility to 
Ventolin HFA, and baseline eosinophil count as continuous covariates and time point, 
treatment, the treatment by time point interaction, and ICS use at screening as categorical 
covariates. 
 
The time to first moderate or severe COPD exacerbation was analyzed using a Cox regression 
model, adjusting for percent predicted post-bronchodilator FEV1, baseline eosinophil count, 
baseline COPD exacerbation history (Yes/No), country, and ICS use at Screening (Yes/No). 
Estimated adjusted hazard ratios relative to the comparator for each treatment comparison 
were reported along with the associated Wald two-sided 95% CIs and p-values.  
 
Missing Data Handling and Sensitivity Analysis 

The primary analysis of the co-primary endpoints and secondary endpoints targeted efficacy 
estimand. Data collected after discontinuing the study treatment was excluded from the 
primary analysis and treated as missing.  
 
The Applicant conducted tipping point analysis based on the efficacy estimand as a sensitivity 
analysis to assess impact of missing data. The statistical reviewer will address this issue in 
section 8.3 Statistical Issues. 
 
Multiplicity 

The overall type I error probability was controlled using a hierarchical testing procedure 
between the co-primary and secondary endpoints. Figure 7 presents the testing order of the co-
primary endpoints, and Figure 8 presents the testing order of key secondary endpoints. 
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Figure 7. Group 1: Type I Error Control for the Analyses of the Primary Endpoints (Trial 02)

Abbreviations: BD = budesonide; BFF = budesonide/formoterol fumarate; FF = formoterol fumarate; MDI = metered dose inhaler;
AUC0-4 = area under the curve from zero to four hours; FEV1 = forced expiratory volume in 1 second
Source: Applicant’s SAP Figure 12 (Page 104 of Statistical Methods and Analysis)
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Figure 8. Type I Error Control for the Analyses of the Secondary Endpoints (Trial 02)

Abbreviations: BD = budesonide; BFF = budesonide/formoterol fumarate; COPDX = COPD exacerbation; FF = formoterol fumarate;
SGRQ = St. George’s Respiratory Questionnaire; FEV1 = forced expiratory volume in 1 second; MDI = metered dose inhaler
Source: Applicant’s SAP Figure 13 (Page 105 of Statistical Methods and Analysis)

Notice that in Figure 7 after testing the primary analyses of BFF 320/9.6 with statistically 
significant result on efficacy estimand, the alpha wasn’t split between the test of secondary 
analyses of BFF 320/9.6 on attributable estimand and the test of primary analyses of BFF 
160/9.6 on efficacy estimand. We will address this issue in section 8.3 Statistical Issues. 

Subgroup Analysis and Bayesian Shrinkage Subgroup Analysis 

To examine whether the treatment effects vary among the levels of a baseline factor, we 
conducted subgroup analyses on the co-primary endpoints, in the following categories using 
traditional subgroup analysis and the Bayesian shrinkage subgroup analysis: 

Age 
Gender 
Race 
Region 

Protocol Amendments 

The first version of the protocol dated March 8, 2016 was amended twice on July 1, 2016 and 
October 24, 2017.  Protocol amendments are summarized as follows:  
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March 8, 2016 Amendment 
Increased hours of oxygen used as an exclusion from 12 hours to 15 hours 
Eliminated exclusion of nebulizer use for COPD maintenance medications 
Clarified that subjects discontinuing study treatment, but continuing trial participation 
will have all AEs/SAEs collected through their last visit 

 
July 1, 2016 Amendment 

COPD exacerbations elevated to a secondary objective 
Time to first moderate or severe COPD exacerbation elevated to secondary efficacy 
endpoint 
FEV1 AUC0-12 identified as the primary endpoint in the PFT sub-study with all other 
spirometry parameters identified as other endpoints 
“Pneumonia Adjudication Committee” and “CCV and Mortality Adjudication 
Committees” clarified to “Clinical Endpoint Committee” 
Efficacy estimand will be the primary analysis for superiority 
Type I error control strategy updated to account for new secondary endpoints 
mITT population will be the primary efficacy analysis population 

 
The protocol amendments submitted do not affect the interpretation of results for Trial 02. 

8.1.2.2. Trial 03 (PT009003) – BFF 12-week lung function trial 

Title: “A randomized, double-blind, parallel group, multi-center study to assess the efficacy and 
safety of PT009 (BFF) compared to PT005 (FF) in subjects with moderate to very severe COPD” 

Study dates: May 17, 2016 – April 4, 2018 
Study report date: July 25, 2018 
Study sites: A total of 259 study centers across 18 countries randomized subjects.  
Participating countries were located in North America, South America, Europe, and Asia.  

 
Trial Design 

This was a phase 3 randomized, double-blind, parallel group, multi-center, variable length trial 
to compare the efficacy and safety of BFF 320/9.6 μg, BFF 160/9.6 μg, and FF 9.6 μg.  Subjects 
underwent a 1 to 4 week screening followed by a washout period of 1 week or longer 
depending on their medications prior to screening.  Subjects on ICS or LABA/ICS were allowed 
to continue the ICS component through the screening period.  Randomization was stratified by 
exacerbation history, post-bronchodilator FEV1, blood eosinophil count, and country.  
Enrollment was targeted to achieve a 2:1 ratio for the blood eosinophil strata with twice as 
many randomized subjects in the 150 cells per mm3 category.  The trial duration was variable, 
with subjects receiving at least 12 weeks and up to 52 weeks of randomized treatment.  The 
trial was initially designed as a 52-week exacerbation trial.  However, based on discussion at the 
teleconference meeting with the FDA on September 9, 2016, the Applicant amended the 
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protocol, changing it from an exacerbation trial to a bronchodilator trial.  As a bronchodilator 
trial is typically required to be only 12-weeks in length, this amendment changed the end of the 
trial to when the last remaining randomized subject completed 12 weeks of treatment.  As a 
result, the trial was of variable length because some subjects were already enrolled and 
completed more than 12 weeks at the time of the amendment.  Endpoints were generally 
assessed over 12-weeks or at Week 12.  Subjects were randomized 1:1:1 across the three 
treatment arms.  The trial schematic is shown in Figure 9 and the schedule of events is shown in 
Table 51.  

Figure 9. Trial 03 Schematic

Abbreviations: FEV1 = forced expiratory volume in 1 second
Source: PT009003 Protocol Version 3.0; Figure 4-1; pg 32
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Table 51. Trial 03 Schedule of Events

 
Source: PT009003 Protocol Version 4.0; Figure 8-1; pg 63-64

Overall, the design of the trial is reasonable to assess lung function and consistent with other 
programs for COPD inhaled products.  Note that the primary endpoint was changed from rate 
of moderate or severe exacerbation to trough FEV1 once the trial was already underway.  This 
was amended prior to unblinding of data. While atypical to alter the length and endpoint once 
the trial is underway, the change is unlikely to change the interpretability of the trial.  
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Objectives 

Primary objective: To assess the effects of BFF MDI relative to FF MDI on lung function 
Secondary objectives: 
– To assess the effects of BFF MDI relative to FF MDI on COPD exacerbations 
– To assess the effects of BFF MDI relative to FF MDI on symptoms of COPD 
– To assess the effects of BFF MDI relative to FF MDI on quality of life 

 
Trial Population 

The trial consisted of 1876 randomized COPD patients.  The inclusion and exclusion criteria 
were generally similar to Trial 02 and are not listed here.  A key difference in inclusion criteria 
from Trial 02 to Trial 03 is that in Trial 03 subjects had to have a documented history of at least 
1 moderate or severe COPD exacerbation in the previous 12 months.  This reflects the original 
trial design as an exacerbation trial, which was subsequently amended (see Protocol 
Amendments below).  
 
Key Withdrawal Criteria 

The withdrawal criteria are similar to those in Trial 02.  
 
The inclusion criteria and exclusion criteria are reasonable and consistent with other programs 
for COPD inhaled products.  Based on these criteria, the trial population will likely be 
representative of the target population. 
 
Treatments 

The trial consisted of 3 treatment groups.  All treatments were taken twice daily.  The 
treatment groups are as follows: 

BFF MDI 320/9.6 g 
BFF MDI 160/9.6 g 
FF MDI 9.6 g 

 
All subjects were provided with albuterol sulfate inhalation aerosol 90 g to be taken as 
directed on an as needed basis during the trial. 
 
Restricted Medications 

The prohibited medications were the same as those for Trial 02.  Note that subjects who were 
dependent on steroids and maintained on an equivalent of up to 5 mg oral prednisone daily or 
up to 10 mg oral prednisone every other day for at least 3 months prior to Visit 1 were eligible 
for enrollment provided the dose remained consistent.  Subjects may have been treated with 
systemic corticosteroids during the treatment period if required. 
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Trial Endpoints 

Primary Endpoint 
Morning pre-dose trough FEV1 at Week 12 

 
Secondary Endpoints 

Time to first moderate or severe COPD exacerbation 
Percentage of subjects achieving an MCID of 4 units or more in SGRQ total score at 
Week 12 
Change from baseline in average daily rescue albuterol use over 12 weeks 

 
Safety Endpoints 

AEs 
ECGs 
Clinical laboratory testing 
Vital signs measurement 

 
The trial endpoints and definition of COPD exacerbation are reasonable and consistent with the 
trial objectives and are similar to other COPD development programs.  Note that the original 
endpoint was rate of moderate or severe exacerbations over 52 weeks.  This was amended to 
morning pre-dose trough FEV1 at Week 12 based on regulatory feedback (see Regulatory 
Background above and Protocol Amendments below).  While unconventional to make such an 
amendment to the protocol after the trial had begun, it is unlikely that this change had any 
impact on the interpretability of efficacy or safety as this amendment was made prior to 
unblinding. 

Statistical Analysis Plan 

Analysis Population and Estimand 

Four analysis populations were defined: ITT population, mITT population, rescue Ventolin user 
population and safety population.  
 
Three estimands were defined in this trial: the efficacy estimand, attributable estimand, and 
treatment policy estimand. 
 
The primary analyses were conducted targeting the efficacy estimand on mITT population. 
There were 2 treatment comparisons of interest:  

BFF MDI 320/9.6 g vs.FF MDI 
BFF MDI 160/9.6 g vs.FF MDI 
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In this review, we focus primarily on the comparison of BFF MDI 320/9.6 versus FF MDI, given 
the proposed dose of the BGF. 
 
Statistical Analysis Model and Additional Analyses 

The primary endpoint of change from baseline in morning pre-dose trough FEV1 was analyzed 
using a repeated measures linear mixed model. The model included treatment, visit, treatment-
by-visit interaction, and ICS use at Screening as categorical covariates and baseline FEV1, 
baseline blood eosinophil count, and percent reversibility to Ventolin HFA as continuous 
covariates. Two-sided p-values and point estimates with 2-sided 95% CIs were produced for 
treatment difference. 
 
The Applicant conducted analysis on attributable estimand for change from baseline in morning 
pre-dose trough FEV1. 
 
Secondary endpoints analyses used same statistical model as Trial 06 and Trial 02. 
 
Missing Data Handling 

The primary analysis of primary endpoint and secondary endpoints targeted efficacy estimand. 
Data collected after discontinuing the trial treatment were excluded from the primary analysis 
and treated as missing.  
 
The Applicant conducted tipping point analysis based on the efficacy estimand as a sensitivity 
analysis to assess impact of missing data. The statistical reviewer will address this issue in 
section 8.3 Statistical Issues.  
 
Multiplicity 

The Type I error rate was strongly controlled. Figure 10 presents the hypothesis testing order of 
the primary endpoint and Figure 11 presents the hypothesis testing order of the secondary 
endpoints. 
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Figure 10. Group 1: Type I Error Control for the Analyses of the Primary Endpoints (Trial 03)

Abbreviations: BFF = budesonide/formoterol fumarate; FF = formoterol fumarate; FEV1 = forced expiratory volume in 1 second; MDI 
= metered dose inhaler
Source: Applicant’s SAP Figure 13 (Page 97 of Statistical Methods and Analysis)
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Figure 11. Group 2: The Analysis of the Secondary Endpoints (Trial 03)

Abbreviations: BFF = budesonide/formoterol fumarate; FF = formoterol fumarate; COPDX = COPD exacerbation; MDI = metered 
dose inhaler
Source: Applicant’s SAP Figure 14 (Page 98 of Statistical Methods and Analysis)

Notice that in Figure 10 after testing the primary analyses of BFF 320/9.6 statistically significant 
using efficacy estimand, the alpha wasn’t split between the test of secondary analyses of BFF 
320/9.6 on attributable estimand and the test of primary analyses of BFF 160/9.6 on efficacy 
estimand. We will address this issue in section 8.3 Statistical Issues. 

Subgroup Analysis and Bayesian Shrinkage Subgroup Analysis 

To examine whether the treatment effects vary among the levels of a baseline factor, we 
conducted subgroup analyses on the co-primary endpoints, in the following categories using 
traditional subgroup analysis and the Bayesian shrinkage subgroup analysis: 

Age 
Gender 
Race 
Region 

Protocol Amendments 

The first version of the protocol dated February 9, 2016 was amended 3 times on July 15, 2016, 
December 15, 2016, and January 8, 2018.  Protocol amendments are summarized as follows: 
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July 15, 2016 Amendment 

Changed inclusion criteria to clarify that use of nebulized COPD medications were 
allowed prior to Visit 1 but could not be used during the study. 
Created separate subsections of Reasons for Treatment Discontinuation and Reasons for 
Study Withdrawal to reflect that subjects may discontinue from treatment without 
being withdrawn from the study. 
Clarified that subjects discontinuing study treatment, but continuing study participation 
will have all AEs/SAEs collected through their last visit. 
Clarified vital sign measurements.  

 
December 15, 2016 Amendment 

Moved COPD exacerbations from a Primary Objective to a Secondary Objective 
Changed the study from 52-weeks to variable length with the study ending when the 
last randomized subject completes 12 weeks of treatment.  This change was justified by 
the Applicant due to “refined regulatory requirements for the approval of dual and 
triple inhalation combination products.”  The new study design remained fully powered 
to demonstrate a lung function benefit and a numerical trend on COPD exacerbations. 
Changed the inclusion criteria for post-bronchodilator FEV1 from <70% to <80% 

 
January 8, 2018 Amendment 

Included new text that clarified that the efficacy estimand will be the primary analysis, 
the attributable estimand will be a secondary analysis, and the treatment policy 
estimand will be a supportive analysis. 
Removed “time to first clinically important deterioration in COPD” from the secondary 
endpoints in the US approach 
Update to Type I Error control strategy to account for change in secondary endpoints. 
New sections to define the estimands used in the study and to describe the subgroup 
analyses to be performed. 

 
The protocol amendments submitted do not affect the interpretation of results for Trial 03. 

Study Results 

Each section of the review of efficacy for BGF begins with the review of efficacy results from 
Trial 06, the dedicated BGF phase 3 efficacy trial.  Because the dual component BFF is not an 
approved product and is included as a comparator in Trial 06, each section also reviews the 
efficacy results of the BFF phase 3 studies, Trial 02 and Trial 03.  The efficacy for the dual 
component GFF was established under the approval of NDA 208294 (see review by Dr. Chin 
dated March 21, 2016) and will not be discussed here.  
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BFF 320/9.6 g demonstrated statistically significant improvements in LS mean peak change 
from baseline in FEV1 post-dosing at Week 24 compared with BD (157 mL; p<0.0001).  
Comparison to FF was not included in the secondary endpoints but did show a small increase 
(30 mL; p=0.0274).  
 
BFF 320/9.6 g also demonstrated statistically significant improvements in LS mean change 
from baseline in average daily rescue Ventolin HFA use over 24 weeks compared with BD (-0.70 
puffs/day; p<0.0001).  BFF 320/9.6 g showed a smaller effect when compared to FF (-0.22 
puffs/day; p=0.0610), and this comparison was not included in the secondary endpoints 
 
The time to onset of action on Day 1 was 5 minutes for BFF 320/9.6 g. BFF 320/9.6 g 
demonstrated a 157 mL LS mean change from baseline in FEV1 at that timepoint with a 
statistically significant difference from BD of 132 mL (p<0.0001). 
 
The secondary endpoint results in Trial 02 were generally consistent with the effectiveness of 
BFF 320/9.6 g compared with the mono-components, FF and BD.   
 
Trial 03 – BFF 12-Week Lung Function Trial 

 
Secondary endpoints for Trial 03 included the following (see protocol review for statistical 
hierarchy): 

Time to first moderate or severe COPD exacerbation 
Percentage of subjects achieving an MCID of 4 units or more in SGRQ total score at 
Week 12 
Change from baseline in average daily rescue albuterol use over 12 weeks 

 
For time to first moderate or severe COPD exacerbation, BFF 320/9.6 g demonstrated a 
statistically significant improvement compared with FF (HR =0.827; p=0.0441).  It should be 
noted that the exacerbation endpoint analysis includes data for patients who participated in 
the trial for as long as 52 weeks.  Time to first exacerbation results are presented in Table 71.  
Annualized exacerbation rate was not included in the secondary endpoints, but BFF 320/9.6 g 
did show improvement on annualized exacerbation rate with a rate ratio compared to FF of 
0.67 (95% CI: 0.54, 0.82).  
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Figure 12. BGF Trial 06 Adjusted Mean Change From Baseline in FEV1 (L) ±SE Over the 12-Hour 
Post-Dose Interval at Week 24 – PFT Sub-Study (Efficacy Estimand, mITT Population)

Abbreviations: BGF = budesonide/glycopyrrolate/formoterol fumarate; FEV1 = forced expiratory volume in 1 second; mITT = 
modified intent to treat
Source: Statistical Reviewer

Additionally, in Trial 06 the mean change from baseline in morning pre-dose trough FEV1 over 
time was assessed.  BGF showed a durable response over the treatment period of 24-weeks.  
These results are shown in Figure 13. 
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Figure 13. BGF Trial 06 Adjusted Mean Change From Baseline in Morning Pre-Dose Trough FEV1 
(L) ±SE Over Time (Efficacy Estimand, mITT Population)

 
Abbreviations: BGF = budesonide/glycopyrrolate/formoterol fumarate; GFF = glycopyrrolate/formoterol fumarate; BFF =
budesonide/formoterol fumarate; TBH =Turbuhaler; FEV1 = forced expiratory volume in 1 second; mITT = modified intent to treat
Source: PT010006 CSR Edition 1; Figure 3; pg 132

 
Overall, these results support the durability of effect for BGF.  

Persistence of Effect 

No analysis was performed to assess persistence of effect because the effects of BGF are not 
expected to persist following treatment discontinuation.   

Efficacy Results – Secondary or Exploratory COA (PRO) Endpoints 

In Trial 06 from the BGF program, SGRQ responder analysis of the percentage of patients 
achieving the MCID of 4 units in SGRQ total score revealed a numerical improvement for BGF 
over GFF and a numerical improvement over BFF (Table 67).  Both comparisons were not 
statistically significant because failure of the primary endpoint and multiplicity control.  
 
In Trial 02 from the BFF program, BFF 320/9.6 g achieved a statistically significant 
improvement in SGRQ responder rate over FF and a numeric improvement over BD (Table 70).  
In Trial 03 from the BFF program, BFF 320/9.6 g achieved a statistically significant 
improvement in SGRQ responder rate over FF (Table 72). 
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Additional Analyses Conducted on the Individual Trial 

Traditional Subgroup Analysis 

To examine whether the treatment effects vary among the levels of a baseline factor, such as 
age, gender, race or country (region), we conducted subgroup analyses on the primary 
endpoint(s) in these four factors. These subgroup analyses used the same analysis model, but a 
subset of the dataset used in the overall analyses. 
 
Figure 14 presents the subgroup analysis results of co-primary endpoint pre-dose trough FEV1 
of Trial 06. The overall result of this endpoint did not reach statistical significance. For all the 
subgroups considered, all the 95% CIs crossed zero, no subgroup reaches statistical significance. 
These results are consistent with the overall results. 
 

Figure 14. BGF Trial 06 Forest Plot of Pre-Dose Trough FEV1 (L) (With 95% CI) by Subgroups (BGF 
vs.GFF, Efficacy Estimand, mITT Population

 
Abbreviations: CAN = Canada; CHN = China; JPN = Japan; Black = black or African American; F = female; M = male; FEV1 = forced 
expiratory volume in 1 second; mITT = modified intent to treat
Source: Statistical Reviewer
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Figure 15 presents the subgroup analysis results of co-primary endpoint FEV1 AUC0-4 of Trial 06. 
The overall result of this endpoint reached statistical significance. For all the subgroups 
considered, almost all (except for subgroups of country Canada and race Black or African 
American), the lower bounds of 95% CIs were greater than zero, demonstrated statistically 
significant treatment effect. Due to small number of subjects in these two exceptional 
subgroups, the 95% CIs of treatment difference were wide. These results are considered 
consistent with the overall results. 
 

Figure 15. BGF Trial 06 Forest Plot of FEV1 AUC0-4 (L) (With 95% CI) by Subgroups (BGF vs.BFF, 
Efficacy Estimand, mITT Population)

 
Abbreviations: CAN = Canada; CHN = China; JPN = Japan; Black = black or African American; F = female; M = male; FEV1 = forced 
expiratory volume in 1 second; mITT = modified intent to treat
Source: Statistical Reviewer

 
Figure 16 presents the subgroup analysis results of co-primary endpoint pre-dose trough FEV1 
of Trial 02. Subgroup of patients aged greater or equal to 65 years old did not reach statistical 
significance, although numerically better treatment effect. Subgroup of race Black or African 
American did not reach statistically significant treatment effect, this was due to large variability 
among the small number of subjects.  
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Figure 16. BFF Trial 02 Forest Plot of Pre-Dose Trough FEV1 (L) (With 95% CI) by Subgroups (BFF 
vs.FF, Efficacy Estimand, mITT Population)

 
Abbreviations: Black = black or African American; F = female; M = male; FEV1 = forced expiratory volume in 1 second; mITT = 
modified intent to treat
Source: Statistical Reviewer

 
Figure 17 presents the subgroup analysis results of co-primary endpoint FEV1 AUC0-4 of Trial 02. 
All the subgroups considered, except subgroup of race non-white (very small number of 
subjects in this subgroup), reached statistically significant treatment effect. These results are 
consistent with the overall analysis result of this endpoint.  
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Figure 17. BFF Trial 02 Forest Plot of FEV1 AUC0-4 (L) (With 95% CI) by Subgroups (BFF vs.BD, 
Efficacy Estimand, mITT Population)

 
Abbreviations: F = female; M = male; BFF= budesonide/formoterol fumarate; FF = formoterol fumarate; FEV1 = forced expiratory 
volume in 1 second; mITT = modified intent to treat; BD = budesonide; AUC0-4 = area under the curve from zero to four hours; LCL = 
lower confidence limit; UCL = upper confidence limit; p-value = probability value
Source: Statistical Reviewer

 
Figure 18 presents the subgroup analysis results of primary endpoint pre-dose trough FEV1 of 
Trial 03. All the subgroups considered had numerically better treatment effect. However, the 
following subgroups did not reach statistically significant treatment effect, and they were not 
due to the small number of subjects in their subgroups: country of USA, gender of female, race 
of non-white, and age of equal or greater than 65 years.  
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Figure 18. BFF Trial 03Forest Plot of Pre-Dose Trough FEV1 (L) (With 95% CI) by Subgroups (BFF 
vs.FF, Efficacy Estimand, mITT Population)

 
Abbreviations: F = female; M = male; FEV1 = forced expiratory volume in 1 second; mITT = modified intent to treat; LCL = lower 
confidence limit; UCL = upper confidence limit; p-value = probability value
Source: Statistical Reviewer

 
Bayesian Shrinkage Subgroup Analysis 

We also determined shrinkage estimates of subgroup treatment effects using a Bayesian 
hierarchical model. Shrinkage estimates use more information and are more precise, closer to 
the true subgroup treatment effects than the sample estimates. 
 
In traditional subgroup analyses, there were some random highs and random lows in sample 
estimates of subgroup treatment effects due to small sample size or large variability for some 
subgroups. The total variability in the sample estimates is the sum of the within subgroup 
variability of the sample estimator and the across subgroups variability in underlying/true 
parameter values. A shrinkage estimates 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. With a 
shrinkage method, sample estimate is “shrunk” towards the overall estimate. The weights are 
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based on the ratio of the between subgroup variability to the within subgroup variability. The 
greater that ratio the smaller the weight on the overall estimate (the less the shrinkage). 
 
The Bayesian hierarchical model was used in this review as a shrinkage method with sample 
estimates from the traditional subgroup analysis with the same flat prior to derive shrinkage 
estimates for all subgroups and assumptions as followings: 
Yi: the observed sample estimate of treatment effect in a subgroup level i (i =1,2, …, total 
number of subgroups), assume Yi ~ N (μi, i2) where 

i2 are the observed variance for sample estimates 
μi ~ N (μ, 2) with μ ~ N (0, c2), 1/ 2 ~ Gamma (0.001, 0.001) (noted as “shrinkage”, c 
from patient-level standard deviation) 

 
Shrunken estimates and 95% credible interval (equivalent to confidence interval of sample 
estimate) are calculated and depicted in the forest plot.  
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Figure 19. BGF Trial 06 Forest Plot of Bayesian Shrinkage Subgroup Analysis of Pre-Dose Trough 
FEV1 (L) (With 95% CI) With Comparison to Traditional Subgroup Analysis (BGF vs.GFF, Efficacy 
Estimand, mITT Population)

 
Abbreviations: F = female; M = male; Black = black or African American; FEV1 = forced expiratory volume in 1 second; mITT = 
modified intent to treat
Source: Statistical Reviewer
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Figure 20. BGF Trial 06 Forest Plot of Bayesian Shrinkage Subgroup Analysis of FEV1 AUC0-4 (L) 
(With 95% CI) With Comparison to Traditional Subgroup Analysis (BGF vs.BFF, Efficacy Estimand, 
mITT Population)

 
Abbreviations: F = female; M = male; Black = black or African American; FEV1 = forced expiratory volume in 1 second; mITT = 
modified intent to treat
Source: Statistical Reviewer
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Figure 21. BFF Trial 02 Forest Plot of Bayesian Shrinkage Subgroup Analysis of Pre-Dose Trough 
FEV1 (L) (With 95% CI) With Comparison to Traditional Subgroup Analysis (BFF vs.FF, Efficacy 
Estimand, mITT Population)

 
Abbreviations: F = female; M = male; Black = black or African American; FEV1 = forced expiratory volume in 1 second; mITT = 
modified intent to treat
Source: Statistical Reviewer
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Figure 22. BFF Trial 02 Forest Plot of Bayesian Shrinkage Subgroup Analysis of FEV1 AUC0-4 (L) 
(With 95% CI) for With Comparison to Traditional Subgroup Analysis (BFF vs.BD, Efficacy 
Estimand, mITT Population)

 
Abbreviations: F = female; M = male; FEV1 = forced expiratory volume in 1 second; mITT = modified intent to treat
Source: Statistical Reviewer
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Figure 23. BFF Trial 03 Forest Plot of Bayesian Shrinkage Subgroup Analysis of Pre-Dose Trough 
FEV1 (L) (With 95% CI) With Comparison to Traditional Subgroup Analysis (BFF vs.FF, Efficacy 
Estimand, mITT Population)

 
Abbreviations: F = female; M = male; FEV1 = forced expiratory volume in 1 second; mITT = modified intent to treat
Source: Statistical Reviewer
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Examining Figure 19 to Figure 23, we found that: 
All the subgroup means from the Bayesian shrinkage subgroup analysis shrunk to the 
overall mean 
All the 95% credible intervals of subgroup mean from Bayesian shrinkage subgroup 
analyses were narrower than the sample estimates’ 95% confidence interval 
Although the Bayesian shrinkage subgroup analysis produced more accurate subgroup 
means and their credible intervals, the difference compared to the traditional subgroup 
analysis results were minimal.  

 

Assessment of Efficacy Across Trials 

Primary Endpoints 

Trial 06, the 24-week BGF lung function trial, had a co-primary endpoint of pre-dose trough 
FEV1 at Week 24 for the comparison of BGF to GFF and FEV1 AUC0-4 at Week 24 for the 
comparison of BGF to BFF.  The results for pre-dose trough FEV1 at Week 24 for the comparison 
of BGF to GFF were not statistically significant (Table 62).  Results for FEV1 AUC0-4 at Week 24 
for the comparison of BGF to BFF showed a statistically significant improvement (Table 63).  As 
such, Trial 06 only demonstrated the contribution of GP to BGF, but not the contribution of BD, 
and failed on its co-primary endpoint. 
 
For the BFF program, in Trial 02, the 24-week lung function trial, the co-primary endpoints were 
similar to Trial 06.  Pre-dose trough FEV1 at Week 24 was the primary endpoint for the BFF to 
FF comparison and FEV1 AUC0-4 at Week 24 was the primary endpoint for the BFF to BD 
comparison.  Both co-primary endpoints showed a statistically significant improvement for the 
BFF 320/9.6 g dose (Table 64 and Table 65).  In BFF Trial 03, the 12-week BFF lung function 
trial, the primary endpoint was pre-dose trough FEV1 at Week 12 and the BFF 320/9.6 g dose 
showed a statistically significant improvement over FF.  The BFF primary endpoint data from 
these trials supports the efficacy of BFF, the contribution of components, and it use as a 
comparator arm for BGF Trial 06. 
 
Overall, the BGF program does not show substantial evidence of effectiveness.  This is primarily 
based on the failure in the co-primary endpoint of Trial 06, as well as the absence of replicate 
evidence for the efficacy of BGF.  

Secondary and Other Endpoints 

Exacerbation 
In Trial 06, the 24-week BGF trial, the annualized rate of moderate or severe COPD 
exacerbations was a secondary endpoint and BGF was compared to both GFF and BFF.  These 
results were not statistically significant because of failure of the primary endpoint and the 
testing hierarchy (Table 68).   
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For the BFF program, in Trial 02 and Trial 03, BFF 320/9.6 g demonstrated a statistically 
significant improvement in time to first moderate or severe COPD exacerbation compared with 
FF (Table 69 and Table 71).  The comparison with BD was not statistically significant in Trial 02 
and Trial 03 did not have a BD arm.  Moderate or severe exacerbation rate was assessed in Trial 
02 and was supportive of BFF 320/9.6 g when compared to both FF and BD.  In Trial 03, BFF 
320/9.6 g had a favorable effect on moderate or severe exacerbation rate compared to FF.   
 
SGRQ 
In Trial 06, the 24-week BGF trial, the percentage of patients achieving the MCID of 4 units in 
SGRQ total score at Week 24 was included as a secondary endpoint (Table 67).  These results 
were not statistically significant because of failure of the primary endpoint and multiplicity 
control.   

For the BFF program, in both Trial 02 and Trial 03, BFF 320/9.6 g demonstrated a statistically 
significant increase in SGRQ responders compared with FF (Table 70 and Table 72). In Trial 02, 
the comparison with BD was not significant, and in Trial 03 BD was not included as a treatment 
arm. 

Subpopulations

For subgroup analyses, see the section entitled Additional Analyses Conducted on the Individual 
Trial.  No notable differences were observed in comparison of subgroups and the subgroup 
analyses do not change the overall assessment of effectiveness. 

Additional Efficacy Considerations 

There are no additional efficacy considerations for this NDA. 

Integrated Assessment of Effectiveness 

To approve a combination product, evidence must support the efficacy of the overall 
combination, including the contribution of each active ingredient to the effectiveness of the 
combination.  The Applicant submitted as the primary evidence of efficacy the results from a 
single phase 3, 24-week, randomized, placebo-controlled trial with the primary objective of 
assessing the effect of BGF compared to GFF and BFF on lung function (Trial 06).  To support the 
proposed exacerbation claim, the Applicant referenced the secondary endpoints evaluating 
exacerbation in Trial 06.  Trial 06 failed to demonstrate substantial evidence of efficacy as 
determined by the failure to achieve a statistically significant improvement for both co-primary 
endpoints.  Trial 06 did show a statistically significant improvement in FEV1 AUC0-4 for the BGF 
versus BFF comparison, one of the co-primary endpoints, demonstrating the contribution of GP 
to BGF.  However, Trial 06 failed on the other co-primary endpoint: pre-dose trough FEV1 
comparing BGF to GFF.  Therefore, the contribution of BD to BGF was not demonstrated.  
Because of this failure on the co-primary endpoint and the hierarchical testing plan to control 
for multiplicity, all secondary endpoints comparing BGF to GFF or BFF, regardless of nominal p-
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value, are not statistically significant, and cannot be used to make definitive efficacy 
conclusions.  These failed secondary endpoints include the exacerbation endpoints referenced 
by the Applicant to support an exacerbation claim.  Therefore, the Applicant has not presented 
substantial evidence to demonstrate BGF efficacy or contribution of all mono-components to 
the combination.  Framed another way, the Applicant has not demonstrated that adding 
budesonide to the combination of glycopyrrolate/formoterol fumarate provides any additional 
benefit, thus failing to satisfy the combination rule for BGF.   
 
In addition, the Applicant submitted only a single trial, Trial 06, to support BGF.  As such, there 
could be no replicate evidence of efficacy of BGF.  Overall, the evidence presented in this 
application does not support approval of BGF. 

Review of Safety 

Safety Review Approach 

To support the safety of BGF, the Applicant submitted safety data from a single clinical trial of 
24 weeks in duration (Trial 06) with a safety extension of an additional 28 weeks (Trial 08) in a 
subset of patients (see Section 8.1.1 for protocol review).  The clinical assessment of safety 
primarily focuses on these trials, Trial 06 and its extension, Trial 08.  These trials, along with 
supporting evidence from BFF Trial 02 and BFF Trial 03 and the known safety profile of GFF, are 
sufficient to characterize the safety profile of BGF.  All studies utilized active controls, and the 
BGF studies included the approved dual-combination product GFF as a control.  Safety analysis 
will be performed on the Safety Population, which is defined as all subjects who signed an 
informed consent and received any amount of study drug and will focus on the comparison of 
BGF to GFF, as GFF is an approved product with a well characterized safety profile. 
 
Data for BGF Trial 06 and Trial 08 were not pooled because of the differing treatment durations 
and treatment arms and as all of the subjects in Trial 08 also participated in Trial 06.  Therefore, 
each trial will be evaluated independently.  It should be noted that any safety data from the 
first 24 weeks of Trial 08 is also included in the analysis of Trial 06.  Data from BFF Trials 02 and 
03 were also not be pooled as they were of differing lengths. 
 

Review of the Safety Database 

Overall Exposure 

BGF Trials 
Exposure data are taken from Trial 06 and its safety extension, Trial 08.  In both Trial 06 and 
Trial 08, exposure was similar across treatment groups.  In Trial 06, median exposure was 169 
days in all groups and the majority of patients were exposed to treatment for at least 24 weeks 
(ranging from 73.9% to 78.7%%).  Exposure data for Trial 06 are summarized in Table 74.  
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In the BFF trials, Trial 02 and Trial 03, there were no clinically meaningful trends or mean 
changes from baseline observed in parameters of hematology, clinical chemistry, kidney 
function, and urinalysis.  One possible Hy’s law case in the BFF 320/9.6 mcg group in Trial 02 
was identified by Clinical Reviewer analysis and resulted from metastatic pancreatic cancer and 
was unrelated to study treatment. No possible Hy’s law cases were identified in Trial 03.  Time 
trends, waterfall plots, box plots, and shift table analysis by the Clinical Reviewer using JMP 
Clinical 7.0 of hematology, clinical chemistry, kidney function, and urinalysis in Trial 02 and Trial 
03 did not reveal any safety signals or notable differences between treatment groups. 

Overall, no safety concerns were identified in the analysis of laboratory values in the BGF and 
BFF phase 3 studies.  

Vital Signs 

No clinically significant changes in vital signs were identified in BGF studies, Trial 06 and safety 
extension Trial 08.  Similarly, no clinically significant changes in vital signs were identified in the 
BFF studies, 24-week Trial 02 and the variable length Trial 03.  Time trend analysis, box plots, 
and waterfall plots (JMP Clinical 7.0) were used by the Clinical Reviewer to assess systolic and 
diastolic blood pressure, heart rate, temperature, and BMI.  Overall, no safety concerns were 
identified in the analysis of vital signs in the BGF and BFF phase 3 studies. 

Electrocardiograms 

No clinically significant ECG trends were identified in BGF studies, Trial 06 and Trial 08.  
Similarly, no clinically significant changes in ECG parameters were identified in the BFF studies, 
24-week Trial 02 and the variable length Trial 03.  Time trend analysis, box plots, and waterfall 
plots (JMP Clinical 7.0) were used by the Clinical Reviewer to assess heart rate, PR interval, QRS 
interval, axis, and QTcF.  Overall, no safety concerns were identified in the analysis of ECG 
parameters in the BGF and BFF phase 3 studies. 

QT 

See ECG section above.  No TQT study was performed under this NDA submission. A TQT study 
was performed under NDA 208294 (GFF, Bevespi Aerosphere) and no significant QT 
prolongation was detected for GFF in that study.  

Immunogenicity

Not applicable. 

Analysis of Submission-Specific Safety Issues 

Given specific safety concerns with products containing LABA, LAMA, and ICS components, the 
Applicant analyzed TEAEs of special interests (AESI).  The AESIs were organized into medical 
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notable differences between treatment groups in intraocular pressure were observed.  
Cataracts and glaucoma are a recognized adverse effect of corticosteroids and is reflected in 
the Warnings and Precautions section of labels for ICS-containing products.  

Clinical Outcome Assessment (COA) Analyses Informing Safety/Tolerability 

No COA analyses informing safety were included in this submission.  

Safety Analyses by Demographic Subgroups 

The Applicant conducted demographic subgroup analyses on AEs in BGF Trial 06.  Subgroup 
analyses were performed by country, age, gender, and race.  Small numerical differences were 
identified between subgroups, but this is to be expected given the relatively small number of 
subjects within subgroups.  Overall, demographic subgroup analysis of Trial 06 did not reveal 
any safety concerns.  
 

Specific Safety Studies/Clinical Trials 

The Applicant submitted a 120-day safety update that consisted of a CSR for trial PT010007, a 
28-week extension trial to assess the safety and efficacy of BGF, GFF, and BFF in Japanese 
subjects (N=416) with moderate to very-severe COPD.  One finding from this trial was a higher 
frequency of drug-related TEAEs in the BGF and BFF groups compared to GFF (24.5%, 22.9%, 
and 11.6%, respectively).  The frequency of deaths, SAEs, and TEAEs leading to discontinuation 
were similar across groups and do not raise a safety concern.  Regarding pneumonia, in 
PT010007 there was a higher frequency of adjudicated pneumonia events in the BGF group 
compared to the GFF and BFF groups (9.4%, 3.6%, and 5.7%, respectively).  Pneumonia is a 
known risk of ICS, however, no safety signal for pneumonia was seen for BGF in Trial 06 or its 
extension Trial 08.  Nonetheless, labeling for other ICS-containing products includes a warning 
for increased risk of pneumonia and the findings of PT010007 do not change the safety profile 
of BGF. 
 

Additional Safety Explorations 

Human Carcinogenicity or Tumor Development 

No human carcinogenicity studies have been conducted in this application. 

Human Reproduction and Pregnancy 

No studies in this application assessed pregnancy, lactation, or reproduction.  No pregnancies 
were reported in BGF Trial 06 nor BGF safety extension Trial 08.  No pregnancies were reported 
in the BFF phase 3 studies, Trial 02 and Trial 03.  
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Pediatrics and Assessment of Effects on Growth 

BGF is not subject to PREA requirements due to the nature of COPD involving an older 
population group. 

Overdose, Drug Abuse Potential, Withdrawal, and Rebound 

Given the nature of the drug components and delivery method, drug abuse, withdrawal, and 
rebound are not anticipated for this combination drug product.  It is expected that overdose 
with BGF would produce typical class effects for LABA and anticholinergic agents.  Theoretically, 
abrupt stoppage of excessive dosages of BGF may result in adrenal crisis.  The product labels for 
other ICS-containing products contain warning language regarding this risk.  
 

Safety in the Postmarket Setting 

Safety Concerns Identified Through Postmarket Experience 

There is no post-market experience for BGF.  No safety concerns have been identified through 
post-market experience with GFF (Bevespi Aerosphere).  

Expectations on Safety in the Postmarket Setting

The BGF phase 3 program evaluated a moderate-severe COPD population already taking at 
least two maintenance therapies for COPD.  Additionally, patients with certain respiratory 
comorbidities, chronic oxygen use, or recent exacerbations or infections were excluded from 
the clinical trials.  Demographically, the BGF phase 3 program had some differences from the 
overall COPD population in the United States.  Therefore, the COPD population exposed to BGF 
after marketing may experience other reactions not observed in the clinical trials.  However, 
this is not expected given the extensive experience in the COPD population with this class of 
drugs and can be monitored for with standard post-marketing safety infrastructure. 
 

Integrated Assessment of Safety 

The safety data submitted with this application were sufficient for review. The data were 
derived primarily from a single phase 3 trial (BGF Trial 06) and its safety-extension (BGF Trial 
08).  Supportive data was derived from two phase 3 studies for the unapproved BFF 
combination product (24-week Trial 02 and variable-length Trial 03).  Review of safety for the 
GFF (Bevespi Aerosphere) component was performed under NDA 208294.  
 
Overall, the safety assessment, which included an evaluation of deaths, SAEs, all TEAEs, 
dropouts, AESIs, MACE, pneumonia events, laboratory findings, vital signs, ECGs, BMD, HPA 
axis, and ocular safety, was consistent with other products containing LAMA, LABA, or ICS alone 
or in combination.  No new safety signals were revealed in this application.  Overall, deaths, 
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SAEs, and TEAEs were generally similar across groups.  BGF did show some numerical increases 
compared to GFF in URTIs, dysphonia, thrush and cataracts, which is consistent with the known 
adverse effects of ICS.  Analysis of AE-related study discontinuations did not raise safety related 
concerns.  Laboratory testing, vital signs, and ECG analysis did not show trends of concern for 
BGF.  
 
In conclusion, BGF does not show significant safety concerns above the active comparators GFF 
and BFF.  Identified numerical differences between BGF and GFF can be attributed to the ICS 
component and is already reflected in the Warnings and Precautions of other ICS-containing 
products.  Overall, the BGF safety profile is consistent with other inhaled products containing 
drugs in these classes.  

Statistical Issue 

In the following, we will discuss the statistical issues in five categories: combination rule, 
substantial evidence of effectiveness, overall type I error control, estimand, and missing data 
and sensitivity analysis. 

Combination Rule

First, BGF is a fixed-dose triple-combination products of ICS, LAMA and LABA. To assess the 
efficacy of this product, it is necessary to demonstrate the contribution of each mono 
component to the triple. Due to lack of treatment regimen of ICS and LAMA combo, it is only 
necessary to show the contribution of ICS and contribution of LAMA to the triple.  

Contribution of ICS to the triple was assessed by comparison of BGF versus GFF on co-primary 
endpoint of morning trough FEV1 at Week 24. 
 
Contribution of LAMA to the triple was assessed by comparison of BGF versus BFF on co-
primary endpoint of FEV1 AUC0-4 at Week 24. 

Trial 06 was the only trial in the program to study the triple versus doubles which assessed the 
contribution of ICS and LAMA to the triple. This trial failed to demonstrate the contribution of 
ICS to the triple (it failed on the co-primary endpoint of morning trough FEV1) although 
successfully demonstrated the contribution of LAMA to the triple (it won on the co-primary 
endpoint of FEV1 AUC0-4). Thus, the combination rule was not satisfied in the BGF trial. 

Second, BFF was a double combination of ICS and LABA. It was not an approved product. It is 
necessary to demonstrate the contribution of ICS and LABA to the double. This program 
included two phase 3 BFF trials: Trial 02 and Trial 03. Both served as supporting efficacy trials. 
Both trials won on all the co-primary endpoints or the primary endpoint and provided a 
qualification for BFF as an active comparator in Trial 06.  
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Overall, combination rule wasn’t satisfied in the primary BGF efficacy trial, although it was 
satisfied in the supporting BFF efficacy trials. 

Substantial Evidence of Effectiveness 

Effectiveness of BGF was studied in Trial 06 which served as a primary efficacy trial, and 
effectiveness of BFF was studied in Trial 02 and Trial 03 which served as supporting efficacy 
trials. The primary endpoint(s) were the same in these three trials, while the secondary 
endpoints in these three trials were not all the same. In the following we only focus on the 
primary endpoint(s) and two secondary endpoints of SGRQ and exacerbation, which were 
considered clinically important endpoints among all the secondary endpoints. 
 
In Trial 06, due to the failure on one of the co-primary endpoints, none of the secondary 
endpoints can be considered statistically significant. Any testing p-value less than 0.05 were 
considered nominally significant.  
 
The effectiveness of BGF and BFF were assessed mainly in three categories: lung function 
benefit, SGRQ benefit and exacerbation benefit: 
 

Lung Function Benefit 

Lung function benefit were assessed by the co-primary endpoints or primary endpoint. Primary 
efficacy Trial 06 failed on one of the co-primary endpoints, therefore effectiveness of BGF in 
lung function wasn’t demonstrated. Trial 02 and Trial 03 won on all primary endpoints, 
demonstrated the effectiveness of BFF in lung function, thereby implying that BFF was qualified 
as an active comparator to show contribution of LAMA to triple. 
 
Overall, substantial evidence of effectiveness in lung function benefit wasn’t demonstrated in 
BGF program. 
 

SGRQ Benefit 

For Trial 06, contribution of ICS to the triple in SGRQ benefit was assessed on responder rate in 
SGRQ total score at Week 24. The result reached nominal significant. Contribution of LAMA to 
the triple in SGRQ benefit was assessed on responder rate in SGRQ total score, the result only 
showed that BGF was numerically better than BFF but not nominally significant.  
 
For Trial 02, contribution of ICS to BFF in SGRQ benefit was assessed on responder rate in SGRQ 
total score at Week 24. The result demonstrated that contribution of ICS to BFF is statistically 
significant. Contribution of LABA to BFF in SGRQ benefit was assessed on responder rate in 
SGRQ total score. The result demonstrated that LABA had some contribution to BFF, but not 
statistically significant. 
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For Trial 03, it only assessed the contribution of ICS to BFF in SGRQ benefit on the endpoint of 
SGRQ responder’s rate at Week 12. The result showed that SGRQ benefit of BFF over FF was 
statistically significant.  
 
Overall, BGF demonstrated some SGRQ improvement over GFF and BFF, but this was not 
statistically significant; BFF demonstrated a statistically significant SGRQ benefit over FF, but 
only a numerical improvement over BD.   
 

Exacerbation Benefit 

For Trial 06, contribution of ICS to the triple in exacerbation benefit was assessed on annual 
rate of moderate or severe COPD exacerbation over 24 weeks. The result was nominally 
significant. Contribution of LAMA to the triple in exacerbation benefit was assessed on annual 
rate of moderate or severe COPD exacerbation; the result showed that BGF had numerically 
less exacerbation than BFF but did not reach nominal significance. 
 
For Trial 02, contribution of ICS to BFF in exacerbation benefit was assessed on time to first 
moderate or severe COPD exacerbation. The result was statistically significant. Contribution of 
LABA to BFF in exacerbation benefit was assessed on time to first moderate or severe COPD 
exacerbation. The result demonstrated that LABA had some contribution to BFF, but not 
statistically significant. 
 
For Trial 03, it only assessed the contribution of ICS to BFF in exacerbation benefit on the 
endpoint of time to first moderate or severe COPD exacerbation. The result showed that 
exacerbation benefit of BFF over FF was statistically significant. 
 
Overall, after considering important benefits including lung function, SGRQ and exacerbation, 
the substantial evidence of effectiveness of BGF was assessed. We conclude that overall the 
program failed to demonstrate substantial evidence of effectiveness of the study drug BGF. 
Mainly, this was due to the program failure on one of the co-primary endpoints in BGF trial, and 
there was only one BGF trial in the program. 
 
Overall Type I Error Control 

For all the trials in the program, overall type I error was controlled by performing graphical 
hierarchical testing among the primary endpoint(s) and secondary endpoints. 

During the review, we found that there were two places where the overall type I error wasn’t 
controlled in the strong sense, because the alpha wasn’t split between the multiple outgoing 
tests from one test (the HD BFF test on efficacy estimand). These two places are in Figure 7 and 
Figure 10 (where the dotted lines led to one of the outgoing tests). 
 
Because one of the outgoing tests was testing LD BFF which wasn’t the proposed dose, also 
because all the subsequent test p-values in the hierarchy were far smaller than 0.025, or far 
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larger than 0.05, by splitting the alpha between the two outgoing tests will not change the 
conclusion in terms of statistical significance. Therefore, it was less of a concerned, but it was 
worthwhile to point out.  
 
Estimand 

In this program, all the primary efficacy analyses targeted efficacy estimand. All the data 
collected after discontinuing study treatment while on study (retrieved data) were excluded in 
the analysis. This estimand is a hypothetical estimand. It assumes that efficacy observed on 
treatment is reflective of what would have occurred after discontinuation of randomized 
treatment had they remained on treatment. This estimand is not regulatory preferred 
estimand. The regulatory preferred estimand is treatment policy estimand; it targets the 
treatment effect over the trial period regardless of whether randomized treatment is 
continued. When estimating treatment policy estimand, all the retrieved data are included in 
the analysis.  
 
In analysis targeting efficacy estimand, the data collected after subjects discontinued the study 
treatment while on study were considered missing at random. Often, subjects in active arm 
discontinue study treatment due to intolerability, therefore, the data collected after treatment 
discontinuation would reflect reduced effect compared to the on-treatment data. On the other 
hand, subjects in placebo arm often discontinue study treatment due to lack of efficacy, 
therefore, the data collected after treatment discontinuation would show similar effect 
compared to the on-treatment data. As a result, analysis targeting treatment policy estimand 
would show lower treatment effect for the study drug than analysis targeting efficacy estimand. 
In other words, analysis targeting efficacy estimand instead of treatment policy estimand would 
be favored by the Applicant without scientific justification as in this submission. 
 
In this program, a single primary efficacy trial failed to show efficacy on efficacy estimand. 
Therefore, as expected, it also failed to show efficacy on treatment policy estimand which is 
considered more conservative.   
 
Missing Data and Sensitivity Analyses 

For the issue of missing data and sensitivity analyses, we focused on Trial 06 only, because this 
was the only trial studying the triple-combination products BGF.  
 
In Trial 06, the rate of discontinuing from study drug is 11.4% in BGF 320/18/9.6 μg arm, 16.4% 
in GFF 18/9.6 μg arm and 15.6% in BFF 320/9.6 μg arm. 
 
Missing rate over 10% usually warrants a sensitivity analysis to check the robustness of the 
efficacy result seen in the primary analysis.  
 
Since Trial 06 failed on pre-dose trough morning FEV1, sensitivity analysis under more 
conservative approach would not change the conclusion of non-statistically significant result. 
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Thus, it was not the focus of this review. Instead, we focused on checking the robustness of 
efficacy result seen in FEV1 AUC0-4. 
 
Sensitivity analysis was conducted on FEV1 AUC0-4 by the Applicant using pattern mixture model 
and tipping point analysis. Both analyses showed that the primary efficacy analysis was robust 
to the departure of missing at random assumption. Therefore, the contribution of LAMA to the 
triple combination BGF was re-assured in terms of lung function benefit. 

Conclusions and Recommendations 

The recommended regulatory action for BGF 320/18/9.6 μg is Complete Response.  

The Applicant submitted results from a single phase 3 trial, Trial 06, as the primary evidence of 
efficacy to support a lung function and exacerbation claim.  Trial 06 was a 24-week lung 
function trial that failed to show a statistically significant improvement for one of its co-primary 
endpoints, pre-dose trough FEV1 at Week 24 for BGF versus GFF, thus not demonstrating the 
contribution of BD to BGF.  However, Trial 06 did show a statistically significant improvement 
for the other co-primary endpoint of FEV1 AUC0-4 at Week 24 for BGF versus BFF, 
demonstrating the contribution of GP to BGF.  As such, the co-primary endpoint results are 
insufficient to support the efficacy of BGF and the contribution of the BD component.  Because 
of the Type I error control strategy, all subsequent pairwise comparisons for BGF were not 
statistically significant, including exacerbation rate and SGRQ.  As such, results from the 
secondary endpoints could not be used to support efficacy or the contribution of BD to BGF.  
Therefore, the BGF program failed to show any contribution of BD to the effectiveness of the 
triple combination.  Furthermore, the Applicant did not provide replicate evidence of 
effectiveness for BGF as the results of only one trial were submitted.   
 
With regard to BFF, in both BFF trials, statistically significant improvements for the spirometric 
primary endpoint were demonstrated when comparing BFF 320/9.6 g to its relevant mono-
components.  For the exacerbation-related secondary endpoints, BFF 320/9.6 g demonstrated 
superiority to both FF and BD in Trial 02, and FF in Trial 03.  The results of the BFF program 
supported the efficacy of BFF 320/9.6 g, demonstrated the contribution of BD and FF to the 
BFF 320/9.6 g combination, and supported the use of BFF as an active comparator in the BGF 
program.   
 
Regarding safety, assessment of BGF focused on Trial 06 and the safety extension Trial 08.  
Assessment of BFF focused on Trial 02 and Trial 03.  No large imbalance of safety signals was 
observed across treatment groups in the BGF and BFF programs.  Safety signals identified were 
consistent with drugs in this class, and no new concerns were identified.   
 
Overall, while the safety assessment of BGF was consistent with other products on this class, 
due the issues outlined with the BGF trial, there was insufficient evidence to conclude that BGF 
was effective and that the BD component contributed to the combination. Therefore, the 
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benefit-risk assessment is not favorable, and the recommendation is a Complete Response 
Action. 

9. Advisory Committee Meeting and Other External Consultations 

No Advisory committee meeting and other external consultations were necessary for this NDA.   
 

10. Pediatrics 

This product is indicated for the treatment of COPD, a disease that rarely or never occurs in 
pediatric patients. A Pediatric Research Equity Act (PREA) waiver was requested and granted. 

11. Labeling Recommendations 

Prescription Drug Labeling 

Not applicable. 

12. Risk Evaluation and Mitigation Strategies (REMS) 

Not applicable.  

13. Postmarketing Requirements and Commitment 

Not applicable. 
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significant improvement in both co-primary endpoints for the BFF 320/9.6 μg dose, 
demonstrating a contribution of each component to the BFF combination.     
 
Trial 03 was a randomized, double-blind trial in 1843 patients with COPD.  This trial was initially 
designed as a 52-week exacerbation trial but was subsequently amended to a be a 12-week 
bronchodilator trial.  As such, all patients received at least 12-weeks of treatment, but some 
received treatment for longer.  Patients were randomized to one of 2 doses of BFF (320/9.6 μg 
BID or 160/9.6 μg BID) or FF 9.6 μg BID.  The primary endpoint was the change from baseline in 
trough FEV1 at 12 weeks (BFF 320/9.6 μg vs. FF) to show the contribution of BD.  Results 
showed a statistically significant improvement in change from baseline in trough FEV1 at Week 
12 for BFF 320/9.6 μg compared to FF.  
 
In both trials, statistically significant improvements in time to first exacerbation were shown for 
BFF 320/9.6 μg compared to FF.  The results of Trials 02 and 03 demonstrate the contribution of 
BD and FF to the BFF combination and support the use of BFF as a comparator in the BGF 
program.  
 
BGF Combination  
Trial 06 was a 24 week, randomized, double-blind, trial in 1896 patients with COPD designed to 
show the benefit of BGF over the two double combinations (BFF and GFF).  Patients were 
randomized to BGF 320/14.4/9.6 μg, GFF 14.4/9.6 μg, BFF 320/9.6 μg BID, or open label 
Symbicort Turbuhaler 400/12 μg BID.  The co-primary endpoints were change from baseline in 
FEV1 AUC0-4 (BGF vs. BFF) at week 24 to show the contribution of GP and change from baseline 
in trough FEV1 (BGF vs. GFF) at week 24 to show the contribution of BD.  The results of Trial 06 
showed a statistically significant increase in FEV1 AUC0-4 for BGF vs. BFF, but results did not 
show a statistically significant increase in trough FEV1 for BGF vs. GFF.  Thus, Trial 06 failed to 
demonstrate the contribution of BD in the BGF combination product based on the results of the 
co-primary endpoint.  Because of the failure to achieve statistical significance in the co-primary 
endpoint, all secondary endpoints are considered not statistically significant, including 
exacerbation rate and SGRQ.  I note that the exacerbation rate for comparison of BGF vs. GFF 
(contribution of BD) was numerically favorable.   
 
Review of the safety data from this development program did not identify a new safety signal.  
ICS, LABA, and LAMA are well-established therapeutic classes in patients with COPD.  The safety 
findings were consistent with the known safety profile of these therapeutic classes.   
 
Overall, the single pivotal trial with BGF failed to show the contribution of BD in the BGF 
combination product and thus substantial evidence of effectiveness of BGF has not been 
established.  The program (Trials 02 and 03) did provide support for the efficacy and safety of 
BFF.    
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15. Appendices 

Financial Disclosure 

Covered Clinical Study (Name and/or Number): PT010006 

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

Total number of investigators identified: 1471 
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 Sponsor of covered study:       
Is an attachment provided with details 
of the disclosable financial 
interests/arrangements:  

Yes  No  (Request details from 
Applicant) 
 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes  No  (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 
Is an attachment provided with the 
reason:  

Yes  No  (Request explanation 
from Applicant) 

Covered Clinical Study (Name and/or Number): PT009002 

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

Total number of investigators identified: 1138
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): 
2 
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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: 0 
Significant payments of other sorts: 1 
Proprietary interest in the product tested held by investigator: 0 
Significant equity interest held by investigator in Sponsor of covered study: 0 
Is an attachment provided with details 
of the disclosable financial 
interests/arrangements:  

Yes   No  (Request details from 
Applicant) 
 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes   No  (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 
Is an attachment provided with the 
reason:  

Yes   No  (Request explanation 
from Applicant) 

Covered Clinical Study (Name and/or Number): PT009003 

Was a list of clinical investigators provided:  
 

Yes   No  (Request list from 
Applicant) 

Total number of investigators identified: 1162 
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): 
2 
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: 0 
Significant payments of other sorts: 2 
Proprietary interest in the product tested held by investigator: 0 
Significant equity interest held by investigator in Sponsor of covered study: 0 
Is an attachment provided with details 
of the disclosable financial 
interests/arrangements:  

Yes   No  (Request details from 
Applicant) 
 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes   No  (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 
Is an attachment provided with the 
reason:  

Yes   No  (Request explanation 
from Applicant) 
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1 Executive Summary 

1.1 Introduction 

The Sponsor has submitted a marketing application for the inhaled triple combination 
product composed of glycopyrrolate (G), budesonide (B), and formoterol fumarate (F or 
FF) as a treatment for COPD. The Sponsor currently markets the combination of 
glycopyrrolate and formoterol under the tradename of Bevespi Aerosphere™ (NDA 
208294) as a treatment for COPD. The inhaled triple combination product represents 
the addition of budesonide to the approved combination of glycopyrrolate and 
formoterol. The Sponsor also markets the combination of formoterol and budesonide 
under the tradename of Symbicort (NDA 21929) for the treatment of asthma and COPD.  
 
During the IND development phase for the inhaled triple combination product, the 
Sponsor was requested to conduct only one nonclinical study, a 90-day inhalation 
toxicology study in dogs with the combination of BGF.  
 
The Sponsor has complete nonclinical programs for formoterol and budesonide, which 
were reviewed under the NDA 21929 for Symbicort (Budesonide and Formoterol 
Fumarate) and NDA 20929 for Pulmicort Respules (Budesonide). 
 
In an attempt to support a 505b1 application for the inhaled triple combination, the 
Sponsor provided a complete nonclinical program for glycopyrrolate.  In the current 
application, the Sponsor provided a 90-day inhalation toxicology study with BGF in 
dogs, complete reproductive toxicity studies with glycopyrrolate, and 2-year inhalation 
carcinogenicity studies with glycopyrrolate in Sprague-Dawley rats and B6C3F1 mice. 
The Sponsor had previously submitted 6-month inhalation toxicology studies with 
glycopyrrolate in rats and dogs, a 90-day inhalation toxicology study in dogs with the 
combination of glycopyrrolate and formoterol, and a complete battery of genetic toxicity 
studies with glycopyrrolate that were reviewed under NDA 208294 for Bevespi 
Aerosphere. The Sponsor never conducted their own pharmacology studies with 
glycopyrrolate, but rather relied on the published literature. It is noted that NDA 208294 
for Bevespi Aerosphere used the 505b2 pathway, which relied on reproductive toxicity 
studies conducted with glycopyrrolate that are described in the label for the reference 
listed drug, ROBINUL Injection (NDA 17558) as well as published literature for the 
pharmacology of glycopyrrolate. 
 
This review evaluated the 2-year inhalation carcinogenicity studies in rats and mouse 
with glycopyrrolate. As described below, the Sponsor’s 505b1 approach was 
determined to not be viable given that 2-year inhalation carcinogenicity study in rats was 
considered invalid. As a path forward to avoid repeating the 2-year carcinogenicity study 
with rats, the Sponsor administratively changed the application to the 505(b)(2) pathway 
in order to rely on the Agency’s previous findings of safety for glycopyrrolate with the 
reference listed drug, ROBINUL Injection (NDA 17558) and published literature on the 
pharmacology of glycopyrrolate.  
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1.2 Brief Discussion of Nonclinical Findings 

 
The Sponsor conducted two-year inhalation carcinogenicity studies with glycopyrrolate 
in Sprague-Dawley rats and B6C3F1 mice. Prior concurrence for doses used in these 
studies was not obtained from the Executive Carcinogenicity Assessment Committee 
(ECAC). Final results of these studies were presented to the ECAC on April 16, 2019. 
 
In the 2-year carcinogenicity study, Sprague Dawley rats received glycopyrronium 
bromide (glycopyrrolate) by inhalation (nose-only) at estimated achieved doses of 0 (air-
control), 0 (vehicle-control), 151.7/165.93 (LD, M/F), 302.9/330.66 (MD, M/F), and 
620.45/684.14 (HD, M/F) µg/kg/day. Treatment with glycopyrrolate had no effects on 
survival of male or female rats. The Sponsor elected to terminate the entire study early 
(starting at Week 82) for all male and female groups due to low survival (22 of 60 [37%] 
females remaining) in the female air-control group at week 82. According to ECAC 
criteria for study termination, if the number of animals of a sex within the control group 
declines to 20, then all groups of that sex including drug-treated should be terminated. 
Based on these criteria, it was inappropriate to terminate female groups at that time. 
Further, in the male air-control and vehicle-control groups, 37 of 60 (62%) and 27 of 60 
(45%) animals, respectively, were alive at week 82. Male groups were also 
inappropriately terminated per ECAC criteria for study termination. The study duration 
was potentially inadequate to assess drug-induced tumor development. The ECAC 
concluded that the carcinogenicity study was inadequate in male and female rats due to 
early termination of the study. The label will provide a description of the 2-year 
carcinogenicity study with glycopyrrolate administered by oral gavage to rats that can be 
found in the label for the referenced listed drug, CUVPOSA® (pending). 
 
 
In a 2-year carcinogenicity study, B6C3F1 mice received glycopyrronium bromide 
(glycopyrrolate) by inhalation (nose-only) at estimated achieved doses of 0 (air-control), 
0 (vehicle-control), 0.347/0.335 (LD, M/F), 0.705/0.7 (MD, M/F), and 1.46/1.42 (HD, 
M/F) mg/kg/day. Treatment with glycopyrrolate had no effects on survival of male or 
female mice up to 104 weeks. Dose-related decreases of absolute body weights were 
observed in males and females beginning around Week 3 and Week 11, respectively, 
and continuing over the course of study. Decreases of absolute body weights at the end 
of the study appeared to be potentially excessive (>10%) for MD Females (-15.9%), HD 
males (-15%), and HD females (-27.7%). The Sponsor did not implement any dose 
reductions during the course of the study to minimize decreases of absolute body 
weights. There were no statistically significant test article-related tumor findings in male 
mice in the LD and MD groups or female mice in the LD group. The Committee 
concluded that body weight decreases in high dose males and mid and high dose 
females could confound interpretation. The ECAC concluded that no drug-related 
neoplasms were observed at the low dose in females and the mid and low dose in 
males. 
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Refer to the unireview for a discussion of the Sponsor’s nonclinical program for 
glycopyrrolate. A detailed discussion of the Sponsor’s nonclinical program for 
glycopyrrolate is also provided in the Summary and Evaluation section of the current 
review. The nonclinical programs for budesonide and formoterol fumarate are also 
briefly discussed in the unireview and the Summary and Evaluation section of the 
current review. 
 

2 Drug Information 

2.1 Drug 

Generic Name: Budesonide, Glycopyrrolate, and Formoterol Fumarate Inhalation 
Aerosol, 120 Inhalations for Budesonide, Glycopyrrolate, and Formoterol Fumarate 
metered dose inhaler, 120 Inhalations (BGF MDI) 
 
Individual Components 
 
Budesonide 
 
CAS Registry Number: 51333-22-3 
 
Generic Name:  Budesonide 
 
Code Name: NA 
 
Chemical Name: (RS)-11b, 16a, 17,21-Tetrahydroxypregna-1,4-diene-3,20-dione cyclic 
16,17-acetal with butyraldehyde 
 
Molecular Formula/Molecular Weight: C25H34O6 / 430.5 g/mol 
 
Structure or Biochemical Description: Budesonide is provided as a mixture of two 
epimers (22R and 22S). 
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Pharmacologic Class: Long-acting β2-adrenergic agonist [LABA] 
 

2.2 Relevant INDs, NDAs, BLAs and DMFs 

NDA 21929: Symbicort® MDI (budesonide/formoterol) Inhalation Aerosol 
 
NDA 208294: Bevespi Aerosphere® (formoterol fumarate/glycopyrrolate)  
 
IND 118313: Budesonide, Glycopyrronium, and Formoterol Fumarate Inhalation Aerosol 
(BGF MDI) 
 
IND 101,985: Glycopyrrolate Inhalation Aerosol (GP MDI) as a monoproduct 
 
IND 105,586: Formoterol Fumarate Inhalation Aerosol (FF MDI) as a monoproduct 
 
IND 107,739: Glycopyrrolate and Formoterol Fumarate Inhalation Aerosol (GFF MDI) 
as a dual combination product 
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2.5 Comments on Impurities/Degradants of Concern 

There are no impurities or degradants of concern. 

2.6 Proposed Clinical Population and Dosing Regimen 

Adult COPD patients will use BGF pMDI twice daily. Each dose consists of two 
actuations. Each actuation of Bevespi releases 9 μg glycopyrrolate, 4.8 μg formoterol 
fumarate, and 160 µg budesonide. This dosing regimen corresponds to the maximum 
recommended human daily inhalation dose (MRHDID) of 36 μg glycopyrrolate, 19.2 μg 
formoterol fumarate, and 640 μg budesonide, respectively. These inhaled doses 
correspond to nominal doses of 0.6 μg/kg/day glycopyrrolate, 0.32 μg/kg/day formoterol 
fumarate, and 10.7 μg/kg/day budesonide on a unit bodyweight basis for a 60-kg 
patient. 

2.7 Regulatory Background 

The Sponsor submitted NDA 212122 as a 505b1 application. The Sponsor owns 
complete nonclinical programs for formoterol fumarate and budesonide. The Sponsor 
completed the nonclinical program for glycopyrrolate in the present application in order 
to file a 505b1 application. The Sponsor currently markets the combination of formoterol 
and budesonide under the tradename of Symbicort® (NDA 21929).  The Sponsor also 
markets the combination of glycopyrrolate and formoterol fumarate under the 
tradename of Bevespi Aerosphere (NDA 208294), although it was approved as a 505b2 
application. The Reviewer referenced FDA PharmTox NDA reviews of studies owned by 
the Sponsor for budesonide and formoterol fumarate. 

3 Studies Submitted 

3.1 Studies Reviewed  

 
CARCINOGENICITY: 
1. Glycopyrrolate pMDI: Up to 104 Week Nose-Only Inhalation Toxicology Study in 
Sprague Dawley Rats (Study: FY12-072) 
2. Glycopyrrolate pMDI: Up to 104 Week Nose-Only Inhalation Toxicology Study in 
B6C3F1 Mice (Study: FY14-128) 
 
 
 

3.3 Previous Reviews Referenced 

1. Pharmacology and Toxicology Review of NDA 21929 for Symbicort (Combination of 
Budesonide and Formoterol) dated May 22, 2006. 
 
2. Pharmacology and Toxicology Review of NDA 208294 for Bevespi Aerosphere 
(Combination of Formoterol and Glycopyrrolate) dated March 10, 2016.  
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3. Pharmacology and Toxicology Review of IND 118313 for the Combination of 
Budesonide, Formoterol, and Glycopyrrolate) dated November 7, 2013. 
 
 

8 Carcinogenicity 

Study title:  Glycopyrrolate pMDI: Up to 104 Week Nose-Only Inhalation 
Toxicology Study in Sprague Dawley Rats 

Study no.: FY12-072 
Study report location: EDR 

Conducting laboratory and location:  
Date of study initiation: June 13, 2013 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Glycopyrronium bromide, Lot # N-1304-
001A and N-13005-001A 
CMC reviewer, Dr. Craig Bertha, estimates 
the purity is > 99.97% for each lot based 
on COAs 

CAC concurrence: No 
 
Key Study Findings 

• In the 2-year carcinogenicity study, Sprague Dawley rats received 
glycopyrronium bromide (glycopyrrolate) by inhalation (nose-only) at estimated 
achieved doses of 0 (air-control), 0 (vehicle-control), 151.7/165.93 (LD, M/F), 
302.9/330.66 (MD, M/F), and 620.45/684.14 (HD, M/F) µg/kg/day. The study 
included an interim sacrifice of 10 rats/sex/group after 52 weeks of treatment.  

 
• Doses are represented as the estimated achieved pulmonary doses with the 

quaternary ammonium bromide salt form of the drug substance (glycopyrrolate) 
 

• Prior concurrence for doses used in this study was not obtained from the 
Executive Carcinogenicity Assessment Committee. 

 
 

• Treatment with glycopyrrolate had no effects on survival of male or female rats. 
The Sponsor elected to terminate the entire study early (starting at Week 82) for 
all male and female groups due to low survival (22 of 60 [37%] females 
remaining) in the female air-control group at week 82. According to ECAC criteria 
for study termination, if the number of animals of a sex within the control group 
declines to 20, then all groups of that sex including drug-treated should be 
terminated. Based on these criteria, it was inappropriate to terminate female 
groups at that time. Further, in the male air-control and vehicle-control groups, 37 
of 60 (62%) and 27 of 60 (45%) animals, respectively, were alive at week 82. 
Male groups were inappropriately terminated per ECAC criteria for study 
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termination. The study duration was potentially inadequate to assess drug-
induced tumor development. 
 

• Sacrifice of female and male groups was prolonged and extended from week 82 
into week 83. 

 
• Dose-related decreases of absolute body weights were observed in male and 

female rats beginning at approximately week 12 and continuing over the course 
of study. At Week 81, absolute body weights were reduced for drug-treated male 
groups by 11.8% (LD), 19.9% (MD), and 20% (HD) and for female drug-treated 
groups by 16% (LD), 11.4% (MD), and 23.4% (HD), relative to air-control groups. 
Decreases of absolute body weights appeared to be potentially excessive 
(>10%). The Sponsor did not implement any dose reductions during the course 
of the study to minimize decreases of absolute body weights.  

 
• There were no statistically significant test article-related tumor findings in male or 

female rats. 
 

• Test article related non-neoplastic findings were identified in the larynx, lungs, 
and nasal turbinates. In the larynx, incidences of squamous metaplasia were 
increased in all male and female glycopyrrolate-treated groups. In the lung, 
alveolar macrophage aggregates generally increased in incidence with the dose 
in males and were higher in females receiving treatment. In the nasal turbinates, 
findings included dose-dependent increased incidences of neutrophilic 
inflammation and infiltration, hyaline degeneration of the olfactory epithelium, and 
squamous metaplasia of the respiratory epithelium.  

 
• Toxicokinetic analysis was not conducted; however, histopathological findings in 

the nose/turbinates, larynx, and lungs demonstrated exposure to glycopyrrolate 
in the respiratory tract. Decreased body weights in drug-treated groups were 
considered indicative of systemic drug exposure. 
 

• Final results of this study were presented to the ECAC on April 16, 2019. The 
Committee concluded that the carcinogenicity study was inadequate in male and 
female rats due to early termination of the study. 

 
Adequacy of Carcinogenicity Study 

• Prior concurrence for doses used in this study was not obtained from the 
Executive Carcinogenicity Assessment Committee.  

 
• Sacrifice of the male and female air-control, vehicle-control, and drug-treated 

groups did not appear to be appropriate as survival in the air-control and vehicle-
control groups were >20 per group. 
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• The duration of the rat carcinogenicity study at 82-83 weeks was potentially 
insufficient to assess drug-induced tumor development. 

 
• Doses of glycopyrrolate used in the study may have been excessive as 

reductions of absolute body weights in dose groups exceeded 10%, relative to 
the air control groups. No dose reductions were implemented during the course 
of the study to reduce decreases of absolute body weight gains.  

 
• Sacrifice of female and male groups was prolonged and extended from week 82 

into week 83. 
 

• Systemic drug exposures in male and female rats were not verified by 
toxicokinetic analysis; however, histopathological findings in the nose/turbinates, 
larynx, and lungs demonstrated exposure to glycopyrrolate in the respiratory 
tract. Decreased body weights in drug-treated groups were suggestive of 
systemic drug exposure. 

 

Appropriateness of Test Models 

• Sprague Dawley rats are a standard model for assessment of carcinogenic 
potential. 

 

• Evaluation of Tumor Findings: There were no treatment-related neoplastic 
findings based on the lack of statistical significance for both trend and pair-wise 
statistical analysis; however, the ECAC concluded that the carcinogenicity study 
was inadequate in male and female rats due to early termination of the study. 

 
• There were no apparent tumor findings in rats associated with glycopyrrolate 

(glycopyrronium bromide) treatment; however, the duration of the study at 82-83 
weeks may have been inadequate for the development of drug-related tumors in 
rat. Excessive decreases of body weight gain for male and female glycopyrrolate-
treated groups also confounded any interpretation of the study results.   
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Methods 
Doses: (M/F) LD 151.7/165.93, MD 302.92/330.66, and HD 

620.45/684.14 µg/kg/day 
Frequency of dosing: Up to 120 minutes per day for up to 83 weeks 

Dose volume: Group 1 air control: 120 min 
Group 2 placebo pMDI: 120 min 
Group 3 Low Dose pMDI: 30 min 
Group 4 Mid Dose pMDI: 60 min 
Group 5 High Dose pMDI: 120 min 

Route of administration: Nose only Inhalation - use of pressurized metered 
dose inhalers (pMDIs) 

Formulation/Vehicle: Calcium Chloride Dihydrate (CaCl2) and 1,2-
Distearoyl-sn-Glycero-3-Phosphocholine (DSPC) 
(Vehicle-control) 
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Species/Strain: Sprague Dawley (CD) 
 

Number/Sex/Group: 70/sex/group  
Age: Animals were approximately 5-6 weeks old at arrival. 

Animal housing: Housed with up to 2 animals per cage in 
polycarbonate shoebox cages on racks with Alpha-
dri- or Sani-Chip bedding changed once or twice 
weekly 

Paradigm for dietary 
restriction: 

None. Rats had unlimited access to chow diet,  

Dual control employed: No  
Interim sacrifice: Yes, 10/sex/group at Week 52 
Satellite groups: No 

Deviation from study protocol: 
 

Deviations were presented in the study report. 
There were no deviations that affected the 
overall integrity of the study or interpretation of the 
study results. 
The Reviewer noted the following deviations that 
potentially impacted the conduct of the study: 
All surviving animals on-study were terminated at 82-
83 weeks. This study duration was potentially 
insufficient to assess drug-induced tumor 
development. 
 
Doses of glycopyrrolate used in the study were 
excessive as reductions of absolute body weights in 
dose groups exceeded 10%, relative to the air 
control groups. No dose reductions were 
implemented during the course of the study to 
reduce decreases of absolute body weight gains.  
 
Sacrifice of female and male groups was prolonged 
and extended from weeks 82 to 83. 
 

  
Inhalation Exposure 
Exposure durations and animal assignment numbers are shown in the table below. 
Animals were exposed to glycopyrrolate aerosol at Low (30 minutes), Mid (60 minutes), 
or High dose (120 minutes) levels using a pre-qualified inhalation expsosure system. 
The vehicle-control (120 minutes) and air-control (120 minutes) groups were exposed 
on separate, but identical systems.  
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Table 1: Experimental Design 

 
(Excerpted from Study Report) 
 
Exposure System 
 
The exposure system schematic was excerpted from the study report and shown below. 
The aerosol generation system coupled glycopyrrolate pMDIs to an expansion chamber 
that allowed the propellant to expand and evaporate prior to transitioning into the 
exposure plenum. pMDIs were actuated directly into the expansion chamber. In the 
expansion chamber, 25±3 L/min forced air dilution was mixed into the air inside of the 
chamber which was fitted with 5 pMDI actuators. The actuation of each pMDI was 
controlled by a two-way pneumatic valve. Identical aerosol generation systems were 
used for the vehicle-control and air-control groups. It is noted that only 48 ports (3-tiers) 
are shown in the schematic; however, the actual system that was utilized on study had 
80 ports (5-tiers). 
 
The pMDIs were actuated at a rate of 75 shots/min (15 shots/vial/min). The pMDIs were 
changed every 15 minutes for 19 mL cans or every 10 minutes for 14 mL cans. 
 
The expansion chamber utilized 25 ± 3 L/min of forced air dilution to mix the air inside of 
the chamber. From the expansion chamber, the aerosols transitioned into an 80-port 
nose-only inhalation chamber. For personnel protection, the test article exposure 
chambers were placed inside a secondary containment box. The exhaust flow through 
the system was maintained at 24 ± 3 L/min, when the exhaust flow was within these 
specified limits, the port flow met the required minimum of 1.5 times the respiratory 
minute volume for an 80-port exposure system (port flow approximated based on total 
chamber exhaust flow). 
 
Animals were placed in nose-only restraint tubes connected to the exposure chamber. 
Daily exposures to aerosol and the test article was determined from samples collected 
on  47-mm membrane filters during the entire exposure period. Samples were 
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glycopyrronium bromide (glycopyrrolate) concentrations for the LD, MD, and HD groups 
were 8.88 µg/L, 8.83 µg/L, and 9.04 µg/L, respectively. Glycopyrrolate concentrations 
were below the limit of detection in the air-control and vehicle-control groups.  
  

Table 2: Average Total Aerosol and Glycopyrronium Bromide (glycopyrrolate) 
concentrations 

  
(Excerpted from Study Report) 
 

Table 3: Doses of Glycopyrronium Bromide (µg/kg/day) based upon Chemical Analysis 
of Filters 
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Table 4: Group Average Pulmonary Doses of Excipients, DSPC and CaCl2 

 
 
Particle size 
Particle size was determined for each exposure atmosphere (except air) at least once 
per month throughout the study using a  Impactor. The aerosol particle 
size was determined using representative samples collected from each exposure 
system except Air. The mass median aerodynamic diameters (MMADs) and geometric 
standard deviations (GSDs) were 3.64 (1.91) µm for glycopyrrolate-treated groups and 
4.20 (1.68) µm for the vehicle-control (placebo) group. 
 

Table 5: MMADs and GSDs for each aerosol impactor 

 
 
Observations and Results 

Mortality 
During the study period, mortality checks were performed on all animals at a minimum 
of twice daily. 
 
At Week 52, the scheduled interim sacrifice was conducted and 10 males and females 
per group were sacrificed for histopathological analysis. These animals (10/sex/group) 
were not included in the survival analysis table below (Table 6).  
 
The Sponsor elected to terminate the entire study early for all male and female groups 
due to low survival (22 of 60 [37%] animals remaining) in the female air-control group at 
week 82. According to ECAC criteria for study termination, if the number of animals of a 
sex within the control group declines to 20, then all groups of that sex, including drug-
treated should be terminated. Based on these criteria, it was inappropriate to terminate 
female groups at that time. Further, in the male air-control and vehicle-control groups, 
37 of 60 (62%) and 27 of 60 (45%) animals, respectively, were alive at week 82. Male 
groups were inappropriately terminated per ECAC criteria for study termination.  
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There were no test article related effects on male or female survival relative to air-
control and vehicle-control groups (Table 6). For males, survival was relatively 
comparable in the air-control and glycopyrrolate-treated groups; however, survival was 
slightly reduced for the vehicle-control group. For females, survival was comparable in 
the vehicle-control and glycopyrrolate-treated groups; however, survival was reduced 
for the air-control group. The sacrifice periods were prolonged as conduct extended 
over approximately two weeks (Week 82 and 83) and animals died naturally during this 
period. Natural deaths during the sacrifice periods were noted as footnotes in the 
Survival table and included in the number of animals at terminal necropsy rather than as 
early deaths. The statistical reviewer conducted a survival analysis and generated 
Kaplan-Meier survival curves (below) for male and female animals up to 83 weeks. 
 

Table 6: Rat Carcinogenicity Study: Survival Analysis 

 
Number of early deaths = unscheduled necropsy + found dead + accidental deaths 

Numbers in parentheses represent the percent when compared to the number of main 
study animals at the start of the study (i.e., 60 animals/sex/group) 
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Figure 2: FDA Statistical Reviewer Kaplan-Meier Survival Curves for Male Rats 
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Figure 3: FDA Statistical Reviewer Kaplan-Meier Survival Curves for Female Rats 

 
Clinical Signs 
During the study period, twice daily cage-side or detailed observations and 
morbidity/mortality checks were performed on all animals. Observations included but 
were not limited to reactivity to general stimuli and description of any abnormal 
behaviors, lesions, or appearances. Clinical signs associated with the respiratory tract 
(e.g. apnea, labored breathing, rapid breathing, malaise, marked nasal discharge, etc).  
 
No treatment-related clinical signs were noted during the treatment period. 
 

Body Weights 
All animals on-study were weighed prior to randomization and then weekly for the first 
13 Weeks of the treatment period, then monthly until the time of necropsy. Fasted body 
weights were measured at necropsy.  
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In general, there were dose-dependent decreases of absolute body weights for male 
and female drug-treated groups.  Examinations of body weight curves indicated that air-
control groups separated from drug-treated groups beginning at approximately week 12 
(see below). Body weight changes at weeks 0, 25, 53, and 81, relative to the air- control 
groups are shown in the table. At the end of the study, decreases of absolute body 
weight exceeded 10% for all male drug-treated groups (i.e., 11.8%, 19.9%, and 20% 
decreases of absolute body weights for males in the LD, MD, and HD groups, 
respectively, relative to the air control group).  Similarly, for females at week 81, 
decreases of absolute body weights exceeded 10% for all female drug-treated groups 
(i.e., 16%, 11.4%, and 23.4% decreases of absolute body weights for females in the LD, 
MD, and HD groups, respectively, relative to the air-control group).  
 
Reductions in BW of greater than 10% relative to air-control groups for the male and 
female LD, MD, and HD groups suggested the MTD was exceeded at all doses in males 
and females. The Sponsor never implemented any dose reductions during the course of 
the study to minimize decreases of absolute body weights. 
 

Figure 4: Body Weights of Female and Male Rats in the 83-Week Carcinogenicity Study  

 
(Excerpted from Study Report) 
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Table 7: Body Weight Changes in 83 Week Inhalation Carcinogenicity Study in Rats 

 
 

Feed Consumption 
During the study period, animals had unlimited access to chow diet (2016C Harlan 
Global Certified Rodent Chow). 
 
Feed consumption monitoring was not conducted. 
 
Ophthalmology: All rats except the serology animals were examined by a board-certified 
veterinary ophthalmologist prior to exposure. No post-exposure examination was 
performed due to the early ending (82 weeks) of the study and schedule conflict. 
 
Gross Pathology 
Detailed gross necropsies were performed on all animals (found dead, moribund, 
sentinel/serology, scheduled necropsy or early termination) and consisted of a complete 
external and internal examination including body orifices (ears, nostrils, mouth, anus, 
etc.) and cranial, thoracic, and abdominal organs and tissues. All gross findings were 
recorded in descriptive terms, typically including location(s), size (in mm), shape, color, 
consistency, and number. 
 
Tissues in Table 8 below were collected, and grossly examined from all animals. The 
organs in Table 8 were weighed at scheduled sacrifice or moribund euthanasia; paired 
organs were weighed together. Eyes and optic nerves, testes and epididymides were 
fixed in Bouin’s solution. Other tissues were fixed in 10% neutral buffered formalin.  
 
 
 
 

Body Weight 
Air control Placebo Low Dose Mid Dose High Dose Air control Placebo Low Dose Mid Dose High Dose

Week 0 319.7 331.9 345.3 374.2 372.9 223.0 223.4 236.4 247.8 243.3
Week 25 591.0 600.0 541.7 532.9 521.1 348.7 330.8 328.1 325.3 302.2
Absolute BW, % Contro 0.0 1.5 -8.3 -9.8 -11.8 0.0 -5.1 -5.9 -6.7 -13.3
Δ, g 271.3 268.1 196.4 158.7 148.2 125.7 107.4 91.7 77.5 58.9
BW gain, % control 0.0 -1.2 -27.6 -41.5 -45.4 0.0 -14.6 -27.0 -38.3 -53.1

Week 53 705.4 685.0 626.5 602.9 597.6 445.0 409.8 399.0 402.4 357.1
Absolute BW, % Contro 0.0 -2.9 -11.2 -14.5 -15.3 0.0 -7.9 -10.3 -9.6 -19.8
Δ, g 385.7 353.1 281.2 228.7 224.7 222.0 186.4 162.6 154.6 113.8
BW gain, % control 0.0 -8.5 -27.1 -40.7 -41.7 0.0 -16.0 -26.8 -30.4 -48.7

Week 81 764.8 765.9 674.4 612.9 612.2 520.5 459.8 437.3 461.4 398.7
Absolute BW, % Contro 0.0 0.1 -11.8 -19.9 -20.0 0.0 -11.7 -16.0 -11.4 -23.4
Δ, g 445.1 434.0 329.1 238.7 239.3 297.5 236.4 200.9 213.6 155.4
BW gain, % control 0.0 -2.5 -26.1 -46.4 -46.2 0.0 -20.5 -32.5 -28.2 -47.8

Males Females
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Table 8 Routine Organs Collected for the Rat Carcinogenicity Study 
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(Excerpted from Study Report) 
 
Gross pathology examination of animals on study from Days 0 to 365 (interim sacrifice 
and early deaths) found slight increased incidences of irregular white discoloration (0-2 
mm) in the lungs for males and females in the mid and high dose group.  
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Gross pathology examination of animals on study from Day 366 to end of the study 
found irregular white discoloration (0-2 mm) in the lungs that generally increased in 
incidence with the dose. These gross findings correlated with histopathological findings 
of aggregates of alveolar macrophages. In males, this gross finding was present in 
16/60 air-control, 8/53 vehicle-control, 15/52 LD, 11/44 MD, and 20/57 HD animals. In 
females, this gross finding was present in 8/52 air-control, 4/52 vehicle-control, 13/53 
LD, 12/54 MD, and 16/56 HD animals. It is noted that gross pathological examinations 
of the lungs were limited to only 44 MD males, which was low compared to other 
groups.  
 

Table 9: Gross Pathology Findings in the Inhalation Carcinogenicity Study in Rats On-
study from Day 366 to the End of Study 

 

 

Organ weights: Absolute weights were measured for the organs listed in the Table 8 
and relative weights were calculated. Organ weight data was not reviewed as it was not 
critical to the evaluation of neoplastic findings.   

 

Histopathology 
Adequate battery: Yes. Fixed tissues were sent to  

 for histologic processing where they were trimmed for placement 
into tissue cassettes and submitted for histology. Tissues were processed routinely, 
paraffin embedded, sectioned, and stained with hematoxylin and eosin for microscopic 
examination. 
 
Histopathologic examination was initially conducted in a “read down” fashion: i.e. all 
tissues and gross lesions were examined for Groups 1-Air Control, 2-Placebo (Vehicle-
control) pMDI Control, and 5-‘High Dose Glycopyrrolate pMDI’, whereas respiratory and 
related tissues plus gross lesions were initially examined for remaining groups (3-‘Low 
Dose Glycopyrrolate pMDI’, and 4-‘Mid Dose Glycopyrrolate pMDI’). For the initial 
histopathology read, two board certified veterinary pathologists collaborated on the 
study, with each reading the same tissue set in all groups to ensure consistent 
interpretation. The principal pathologist, ( ) read primarily respiratory tissues 

Gross Pathology Findings
Organ/Tissue Air Ctrl Placebo Low Dose Mid Dose High Dose Air Ctrl Placebo Low Dose Mid Dose High Dose

NA NA 151.7 302.92 620.45 NA NA 165.93 330.66 684.14

# of animals on Study 60 53 53 57 59 52 53 55 55 56
# of animals completed 59 53 52 56 58 52 52 53 54 56
Lungs
total examined 60 53 52 44 57 48 51 53 53 54

Discoloration; white , All, Irregular; 
Multiple; 0 - 2 mm 16 8 15 11 20 8 4 13 12 16

Males (µg/kg/day) Females (µg/kg/day)
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and major organs while the contributing pathologist ( ) read other 
organs/tissues to divide the histopathology read approximately in half. Specifically, 

 read nose/turbinates, larynx, trachea, lung, and tracheobronchial lymph node, 
as well as thyroid glands, parathyroid glands, brain, spinal cord, spleen, liver, heart, 
aorta, kidneys, thymus and gross lesions of those tissues. Dr. read gastrointestinal 
tract and mesenteric lymph nodes, tongue, salivary glands, mandibular lymph nodes, 
pituitary glands, adrenal glands, skin with mammary glands, reproductive tract, 
peripheral nerve, skeletal muscle, eye and optic nerve, bones with marrow and gross 
lesions of those tissues. The pathologists were in frequent contact regarding 
histopathology terminology and diagnostic criteria of various changes such that both 
pathologists reviewed examples of all tissues and characteristic or unusual lesions. On 
sponsor request for this report, all remaining fixed tissues were trimmed and examined 
to yield a full tissue set histopathologic examination from all animals on study (the 
additional tissues including a full tissue set from all Found Dead and Moribund animals, 
and all remaining tissues from the Low and Mid dose groups were examined 
microscopically by Dr. ). 
 
Peer Review 
A peer review of the microscopic findings was conducted by Dr.  of 

 
 
Neoplastic 
Tumors were analyzed by organ, systemic tumors were analyzed on a whole-body 
basis, and tumors were combined per McConnell et al. (Evaluation of Rodent 
Carcinogenesis Studies in Cancer Risk Assessment Chapter 28, Pages 699-715, John 
Wiley & Sons, Inc. 2010). In the Sponsor’s histopathology tables, animals designated 
for the interim sacrifice were grouped with animals that died on study up to Day 365. 
Animals on-study from Day 366 through the terminal sacrifice (End of Study) were 
grouped together. 
 
 
There were no statistically significant treatment-related increases of tumor incidences 
for male or female rats treated from Days 0 to 365 or Days 366 to the end of the study. 
Neoplastic findings from Day 0 to 365 and Days 366 to the end of the study are 
combined and represented together in the table below. Male and female rats in the 
interim sacrifice conducted at week 52 were not included.  
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Table 10: Neoplastic Findings in Inhalation Carcinogenicity Study in Rats On-study from 
Day 0 to the End of Study 

 
 
 
 
 
Non-neoplastic 
 
 Days 0 to 365: Treatment-related non-neoplastic findings in rats from study days 0 to 
365 were evident in the larynx and nasal turbinates. 
 
In the larynx, incidences of squamous metaplasia were increased in all male drug-
treated groups and females in the mid and high dose groups. 
 
Nose/turbinates were examined as independent sections 1-4. Incidences and severity of 
hyaline degeneration of the olfactory epithelium in Section 2 were increased for all male 
drug-treated group and females in the mid and high dose groups. In Section 3, 
incidences and severity were increased for high dose males and mid and high dose 
females. In Section 4, incidences and severity were increased for high dose males. 
 
 
 

Organ/Tissue (Neoplastic findings)
Mammary Gland Air Ctrl Placebo Low Dose Mid Dose High Dose Air Ctrl Placebo Low Dose Mid Dose High Dose

NA NA 151.7 302.92 620.45 NA NA 165.93 330.66 684.14
total examined 35 37 41 38 35 59 60 60 60 60

Fibroadenoma, Benign; Primary 0 0 0 0 0 11 14 19 17 12
Fibroadenoma (2nd), Benign; Primary 0 0 0 0 0 2 1 1 0 3

Benign Fibroadenoma Tumor Number 11 14 19 17 12
Adenoma, Mammary Gland; Benign Primary 0 0 0 0 0 0 2 10 1 0

Adenoma, Mammary Gland (2nd); Benign 
Primary 0 0 0 0 0 0 0 2 0 0

Adenoma, Mammary Gland (3rd); Benign; 
Primary 0 0 0 0 0 0 0 1 0 0

Adenocarcinoma; Mammary Gland; 
Malignant Primary 0 0 0 0 0 10 13 9 7 7

Adenocarcinoma; Mammary Gland (2nd); 
Malignant Primary 0 0 0 0 0 2 3 1 1 2

Adenocarcinoma, Mammary Gland (3rd); 
Malignant; Primary 0 0 0 0 0 2 0 0 0 0

Adenocarcinoma, Mammary Gland (4th); 
Malignant; Primary 0 0 0 0 0 1 0 0 0 0

Adenocarcinoma, Mammary Gland (5th); 
Malignant; Primary 0 0 0 0 0 1 0 0 0 0

Adenoma tumor number 0 0 0 0 0 0 2 10 1 0
Adenocarcinoma tumor number 0 0 0 0 0 10 13 9 7 7

Adenoma and Adenocarcinoma tumor 
number 0 0 0 0 0 10 14 17 8 7

Males (µg/kg/day) Females (µg/kg/day)
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Days 366 through the Final Sacrifice (week 82): Treatment-related non-neoplastic 
findings in rats from study day 366 through the final sacrifice (Week 82) were observed 
in the larynx, lungs, and nasal turbinates. Incidences and severity of findings were 
generally greater as compared to study days 0 to 365. 
 
In the larynx, incidences of squamous metaplasia were increased in all male and female 
glycopyrrolate-treated groups relative to the air-control and vehicle-control groups. 
These findings were generally thought to be rat specific and not relevant to humans.  
 
 
In the lungs, alveolar macrophage aggregates were noted at higher incidence in HD 
males (26 of 59). Incidences were also increased for all female drug-treated groups, 
although a dose-response was not evident. Alveolar macrophage aggregates with 
septal changes were noted at higher incidence in HD males (40 of 59). Alveolar 
macrophage aggregates with or without septal change were observed at increased 
incidences for all female drug-treated groups, although a dose-response was not 
evident. Granulomatous inflammation was observed at a higher incidence in HD males 
(13 of 59 males); this finding was regarded as potentially adverse. 
 
 
Nose/turbinates were examined as independent sections 1-4 and the findings were 
shown in the histopathology table below. Nose-only inhalation treatment with 
glycopyrrolate in all male and female groups caused significant irritation characterized 
by neutrophilic inflammation and infiltration, squamous metaplasia of the respiratory 
epithelium, and hyaline degeneration of the olfactory epithelium. The findings in the 
nose/turbinates were not considered clinically relevant, because rats were obligate nose 
breathers and humans will be dosed via oral inhalation.  
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Table 11: Non-Neoplastic Findings in Rat Carcinogenicity Study (Study Day 366 
through the Final Sacrifice at Week 82) 

 
 
 

Toxicokinetics 
Blood samples were collected into K3EDTA tubes from all animals at the scheduled 
necropsy or early termination for glycopyrrolate analyses. Blood was centrifuged, 
plasma was aliquoted into 5 mL cryogenic vials, and frozen for storage (-70 to -90°C).  
 

Air Ctrl Placebo Low Dose Mid Dose High Dose Air Ctrl Placebo Low Dose Mid Dose High Dose
NA NA 151.7 302.92 620.45 NA NA 165.93 330.66 684.14

# of animals on Study 60 53 53 57 59 52 53 55 55 56
# of animals completed 60 53 53 57 59 52 53 55 55 56
Larynx
total examined 59 53 53 57 58 52 53 55 55 56

Metaplasia, Squamous 5 15 22 34 47 2 10 15 32 43
Lung(s)
total examined 60 53 53 57 59 52 53 55 55 56

Aggregates, Alveolar Macrophage 21 15 11 21 26 19 17 26 28 27
Aggregates, Alveolar Macrophage 

(with Septal changes) 30 18 22 30 40 14 17 20 21 21

Aggregates, Alveolar Macrophage 
(+ Or - Septal change) 47 30 30 41 51 30 31 38 44 44

Inflammation, Granulomatous 
(microgranuloma) 7 2 5 6 13 0 3 4 2 4

Nose/Turbinate 1

total examined 60 53 53 57 59 52 53 55 55 56
Inflammation, histiocytic and 

neutrophilic (Focal) 0 0 0 0 1 0 0 0 0 0
Infiltration, Neutrophilic 0 0 1 3 5 0 0 0 0 1

Inflammation, Neutrophilic 1 4 8 12 11 0 2 4 6 7
Metaplasia, Squamous; 
Respiratory epithelium 1 3 10 16 12 0 0 2 7 3

Nose/Turbinate 2

total examined 60 53 53 57 59 52 53 55 55 56
Degeneration, hyaline; Olfactory 

Epithelium 2 1 6 7 23 2 3 6 11 21
Inflammation, Neutrophilic 0 3 1 2 2 0 1 0 2 5

Metaplasia, Squamous; 
Respiratory epithelium 0 1 1 0 2 0 0 0 1 0

Nose/Turbinate 3

total examined 60 53 53 57 59 52 53 55 55 56
Degeneration, hyaline; Olfactory 

Epithelium 12 18 10 18 41 9 11 15 18 36
Metaplasia, Squamous; Olfactory 

epithelium 0 0 0 0 1 0 0 0 0 0
Nose/Turbinate 4
total examined 59 53 53 57 59 52 53 55 55 56

Degeneration, hyaline; Olfactory 
Epithelium 29 33 24 29 45 15 21 22 25 39

 
  

 
  

Organ/Tissue (Non-Neoplastic 
findings)

Males (µg/kg/day) Females (µg/kg/day)
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• In a 2-year carcinogenicity study, B6C3F1 mice received glycopyrronium 
bromide (glycopyrrolate) by inhalation (nose-only) at estimated achieved 
doses of 0 (air-control), 0 (vehicle-control), 0.347/0.335 (LD, M/F), 0.705/0.7 
(MD, M/F), and 1.46/1.42 (HD, M/F) mg/kg/day. 

 
• Doses are represented as the estimated achieved pulmonary doses with the 

quaternary ammonium bromide salt form of the drug substance 
(glycopyrrolate). 

 
• Prior concurrence for doses used in this study was not obtained from the 

Executive Carcinogenicity Assessment Committee. 
 

• Treatment with glycopyrrolate had no effects on survival in male or female 
mice up to 104 weeks. 

 
• Dose-related decreases of absolute body weights were observed in males 

and females beginning around Week 3 and Week 11, respectively, and 
continuing over the course of study. Decreases of absolute body weights at 
the end of the study appeared to be potentially excessive (>10%) for MD 
Females (-15.9%), HD males (-15%), and HD females (-27.7%). The Sponsor 
did not implement any dose reductions during the course of the study to 
minimize decreases of absolute body weights. 

 
• Toxicokinetic analysis was not conducted; however, histopathological findings 

in the nose/turbinates demonstrate exposure to glycopyrrolate in the 
respiratory tract. Decreased body weights in drug-treated groups were 
suggestive of systemic drug exposure. 

 
• There were no statistically significant test article-related tumor findings in 

male mice in the LD and MD groups and female mice in the LD group. 
 
• Final results of this study were presented to the ECAC on April 16, 2019. The 

Committee concluded that body weight decreases in high dose males and 
mid and high dose females could confound interpretation. The Committee 
concurred that no drug-related neoplasms were observed at the low dose in 
females and the mid and low dose in males. 

 
 
 
Adequacy of Carcinogenicity Study 
• Prior concurrence for doses used in this study was not obtained from the Executive 
Carcinogenicity Assessment Committee.  
 
• Doses of glycopyrrolate used in this study may have been excessive as reductions of 
absolute body weights in MD female and HD male and female groups exceeded 10% 
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relative to control groups. No dose reductions were implemented during the course of 
the study to reduce decreases of absolute body weight. 
 

Appropriateness of Test Models 
• B6C3F1 mice are a standard model for assessment of carcinogenic potential. 
 

Evaluation of Tumor Findings 
• There were no treatment-related neoplastic findings based on the lack of statistical 
significance for both trend and pair-wise statistical analysis. As noted above, decreases 
of absolute body weight were excessive for high dose males and mid and high dose 
females, which confounds interpretation of findings for these groups. 
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• Glycopyrrolate (glycopyronnium bromide) was not tumorigenic in low and mid 
dose male or low dose female mice. 
 
Methods 

Doses: (M/F) LD 0.347/0.335, MD 0.705/0.7, and HD 
1.46/1.42 mg/kg/day 

Frequency of dosing: Daily 
 Group 1 air control: 120 min 

Group 2 placebo pMDI: 120 min 
Group 3 Low Dose pMDI: 30 min 
Group 4 Mid Dose pMDI: 60 min 
Group 5 High Dose pMDI: 120 min 

Route of administration: Nose-only Inhalation Drug delivered from 
pressurized metered dose inhalers (pMDIs) 

Formulation/Vehicle: Calcium Chloride Dihydrate (CaCl2) and 1,2-
Distearoyl-sn-Glycero-3-Phosphocholine 
(DSPC) (Vehicle-control) 

Basis of dose selection: The Sponsor conducted a 14-day nose-only 
inhalation toxicology study in male and female 
B6C3F1 mice (FY14-111). The in-life phase 
was completed on October 30, 2014, although 
the Study Director did not sign the final report 
until May 10, 2018. Inhaled doses were 0.33, 
0.64, and 1.38 mg/kg/day. Body weight gains 
were unaffected. Histopathology findings were 
limited to the nose/turbinate for the HD group 
(degeneration of the hyaline respiratory 
epithelium and/or olfactory epithelium). The 
study duration (14 days) was considered 
inadequate to support dose selection for a 2-
year study. 

Species/Strain: B6C3F1 
Number/Sex/Group: 60/sex/group 

Age: 9 weeks 
Animal housing: Housed with up to 2 animals per cage  

Paradigm for dietary restriction: Unlimited access to chow diet 
Dual control employed: No 

Interim sacrifice: No 
Satellite groups: No 
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Deviation from study protocol: During the in-life phase of the study, various 
animals missed exposure on different study 
dates for partial or the whole exposure 
duration, due to facility evacuation or medical 
treatments. The impact on the study results 
was believed to be minimal considering this 
was a 2-year study. 
 
Doses of glycopyrrolate used in the study may 
have been excessive as reductions of absolute 
body weights in MD female and HD male and 
female groups exceeded 10%, relative to the 
air control groups. No dose reductions were 
implemented during the course of the study to 
reduce decreases of absolute body weight 
gains.  
 
 

 
Inhalation Exposure 

Exposure durations and animal assignment numbers are shown in the table below. 
Animals were exposed to glycopyrrolate aerosol at Low (30 minutes), Mid (60 minutes), 
or High dose (120 minutes) levels using a pre-qualified inhalation exposure system. The 
vehicle-control (120 minutes) and air-control (120 minutes) groups were exposed using 
separate, but identical systems. 

Table 13: Experimental Design 

 
(Excerpted from Study Report) 
Exposure System 
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The exposure system schematic was excerpted from the study report and shown below. 
The aerosol generation system coupled glycopyrrolate pMDIs to an expansion chamber 
that allowed the propellant to expand and evaporate prior to transitioning into the 
exposure plenum. pMDIs were actuated directly into the expansion chamber. In the 
expansion chamber, 25±3 L/min forced air dilution was mixed into the air inside of the 
chamber which was fitted with 6 pMDI actuators. The actuation of each pMDI was 
controlled by a two-way pneumatic valve. Identical aerosol generation systems were 
used for the vehicle-control and air-control groups. It is noted that only 48 ports (3-tiers) 
are shown in the schematic; however, the actual system that was utilized on study had 
80 ports (5-tiers). 
 
The pMDIs were actuated at a rate of 75 shots/min (15 shots/vial/min). The pMDIs were 
changed every 15 minutes for 19 mL cans or every 10 minutes for 14 mL cans. 
 
The expansion chamber used 25 ± 3 L/min of forced air dilution to mix the air inside of 
the chamber. From the expansion chamber, the aerosols transitioned into the 80-port 
nose-only inhalation chamber. For personnel protection, the test and control article 
exposure chambers were placed inside a secondary containment box. The total air flow 
through the exposure system was balanced to achieve individual rodent port flows of 
1.5 times the respiratory minute volume of a rat (port flow approximated based on total 
chamber exhaust flow). The exhaust flow through the system was maintained at 24 ± 3 
L/min; when the exhaust flow was within these specified limits, the port flow met the 
required 1.5 times the respiratory minute volume for a 80-port exposure system. The 
exposure chamber had a slightly higher exhaust flow rate than forced air dilution flow 
(inlet air flow). 
 
Animals were placed in nose-only restraint tubes connected to the exposure chamber 
and exposed. Chamber oxygen content was collected directly from the breathing zone 
of the chamber using an oxygen monitor. The room temperature and ambient pressure 
were also obtained during the exposure. Daily exposures to aerosol and the test article 
were determined from samples collected on  membrane filters at a flow rate of 
0.5 L/min. Samples from the test article and vehicle-control systems were collected for a 
target of 30 minutes (±15 minutes). Samples from the air-control were collected for a 
target of 120 minutes (± 60 minutes). Aerosol concentrations were measured 
gravimetrically by weighing the samples on the filter. Glycopyrrolate concentrations 
were measured chemically by extracting samples from filters followed by analysis using 
a HPLC-UV method. 
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Table 14:  Total Aerosol and Glycopyrronium Bromide (glycopyrrolate) concentrations 
 

 
(Excerpted from Study Report) 
 
 

Table 15:  Doses of Glycopyrronium Bromide (mg/kg/day) based upon Chemical 
Analysis of Filters 

 
 
 
 

Table 16: Doses of DSPC and CaCl2 (mg/kg/day) 
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Figure 6: FDA Statistical Reviewer-Generated Kaplan-Meier Survival Curve for Male 
Mice 
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Figure 7: FDA Statistical Reviewer-Generated Kaplan-Meier Survival Curve for Female 
Mice 

 

Table 18: Survival Analysis for the 104-Week Carcinogenicity Study in Mice 

 
Number of early deaths = unscheduled necropsy + found dead + accidental deaths 
Numbers in parentheses represent the percent when compared to the number of main 
study animals at the start of the study (i.e., 60 animals/sex/group) 
 

Mouse Study 
Glycopyrrolate 
µg/kg/day
Males/Females 
(interim sacrifice 
animals excluded)

# of 
EarlyDeaths

# At terminal 
necropsy

# of Natural 
Deaths

# At terminal 
necropsy

Air Control 14 (23%) 46 (77%) 19 (32%) 41 (68%)
Placebo 21 (35%) 39 (65%) 20 (33%) 40 (67%)

Low Dose 17 (28%) 43 (72%) 22 (37%) 38 (63%)
Mid Dose 15 (25%) 45 (75%) 17 (28%) 43 (72%)
High Dose 16 (27%) 44 (73%) 22 (37%) 38 (63%)

Males Females
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Clinical Signs 
During the study period, twice daily cage-side or detailed observations and 
morbidity/mortality checks were performed on all animals. Observations included, but 
were not limited to, reactivity to general stimuli and description of any abnormal 
behaviors, lesions, or appearances. Clinical signs associated with the respiratory tract 
(e.g. apnea, labored breathing, rapid breathing, marked nasal discharge, etc.).  
 
No treatment-related clinical signs were noted during the treatment period. 
 
Body Weights 
All animals on-study were weighed prior to randomization and then weekly for the first  
13 Weeks of the treatment period, then monthly until the time of necropsy. Fasted body 
weights were measured at necropsy. 
 
In general, there were dose-dependent decreases of absolute body weights for male 
and female MD and HD glycopyrrolate-treated groups.  Examinations of body weight 
curves indicated that air-control groups separated from drug-treated groups beginning 
at approximately Week 3 in males and Week 11 in females (Figure 8). Body weight 
changes at weeks 0, 25, 51, 81, and 102, relative to the air- control groups are shown in 
Table 34. At the end of the study, decreases of absolute body weight exceeded 10% for 
the HD male drug-treated group (i.e., 15.9% decrease of absolute body weight, relative 
to the air control group).  Similarly, for females at Week 102, decreases of absolute 
body weights exceeded 10% for MD and HD female drug-treated groups (i.e., 15% and 
27.7% decreases of absolute body weights for females in the MD and HD groups, 
respectively, relative to the air-control group). 
 
Reductions in BW of greater than 10% relative to air-control groups for the HD male and 
MD and HD female groups suggested the MTD was exceeded. The body weight curve 
for the MD male drug-treated group separated from the air-control and vehicle-control 
group curves, although decreases of absolute body weight were less than 10%. The 
Sponsor never implemented any dose reductions during the course of the study to 
minimize decreases of absolute body weights. 
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Figure 8: Body Weight Changes in Males and Females in the 104-Week Carcinogenicity 
Study in Mice
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Table 19: Body Weight Changes in 104 Week Inhalation Carcinogenicity Study in Mice 

 
 
Feed Consumption 
During the study period, animals had unlimited access to chow diet (2016C Teklad 
Certified Global Rodent Chow) 
 
Feed consumption monitoring was not conducted. 
 
Ophthalmology 
All animals on study were examined by a board-certified veterinary ophthalmologist 
prior to start of drug exposure. A second examination was conducted on surviving 
animals within the last 4 days of exposure before necropsy. 
 
No treatment-related ophthalmology findings were noted. 
 
Gross Pathology 
Detailed gross necropsies were performed on all animals (found dead, moribund 
euthanasia, sentinel/serology, or scheduled necropsy). Complete external and internal 
examinations of body orifices (ears, nostrils, mouth, anus, etc.) and cranial, thoracic, 
and abdominal organs and tissues were conducted. Gross findings were recorded in 
descriptive terms to capture shape, color, consistency, and number. Full tissue 
collection was performed on moribund and animals were found dead for histopathology 
examinations.  

Air Control Placebo Low Dose Mid Dose High Dose Air Contro Placebo Low Dose Mid Dose High Dose
Week 0 27.4 27.6 29.2 27.4 26.8 19.8 20.7 22.2 21.2 20.7
Week 25 40.3 39.7 40.1 35.8 32.1 29.0 29.4 30.6 28.8 25.3
Absolute BW, % Control 0.0 -1.5 -0.5 -11.2 -20.3 0.0 1.4 5.5 -0.7 -12.8
∆, g 12.9 12.1 10.9 8.4 5.3 9.2 8.7 8.4 7.6 4.6
BW gain, % control 0.0 -6.2 -15.5 -34.9 -58.9 0.0 -5.4 -8.7 -17.4 -50.0

Week 51 45.0 44.9 43.4 38.7 32.5 38.3 37.7 37.2 32.8 27.7
Absolute BW, % Control 0.0 -0.2 -3.6 -14.0 -27.8 0.0 -1.6 -2.9 -14.4 -27.7
∆, g 17.6 17.3 14.2 11.3 5.7 18.5 17.0 15.0 11.6 7.0
BW gain, % control 0.0 -1.7 -19.3 -35.8 -67.6 0.0 -8.1 -18.9 -37.3 -62.2

Week 81 42.8 42.6 42.5 38.2 33.3 41.9 41.5 39.4 33.5 29.1
Absolute BW, % Control 0.0 -0.5 -0.7 -10.7 -22.2 0.0 -1.0 -6.0 -20.0 -30.5
∆, g 15.4 15.0 13.3 10.8 6.5 22.1 20.8 17.2 12.3 8.4
BW gain, % control 0.0 -2.6 -13.6 -29.9 -57.8 0.0 -5.9 -22.2 -44.3 -62.0

Week 104 38.9 39.2 38.8 35.8 32.7 38.7 38.5 36.3 32.9 28.0
Absolute BW, % Control 0.0 0.8 -0.3 -8.0 -15.9 0.0 -0.5 -6.2 -15.0 -27.6
∆, g 11.5 11.6 9.6 8.4 5.9 18.9 17.8 14.1 11.7 7.3
BW gain, % control 0.0 0.9 -16.5 -27.0 -48.7 0.0 -5.8 -25.4 -38.1 -61.4

Males FemalesBody Weight     
Mouse (g)
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Tissues listed in Table 35 were harvested and fixed in 10% neutral buffer formalin 
(NBF) or Bouin’s fixative. All wet tissues collected from study necropsy were shipped at 
ambient temperature to  for 
preparation of microscopic slides and hematoxylin and eosin (H&E) staining. Prepared 
slides were then transferred to Dr.  for microscopic evaluation. Remaining 
tissues, blocks, and slides were shipped back to for archive. 
 
All tissues were examined including those from the found dead or moribund euthanasia 
animals. Missing tissues were noted in the study record. 

Table 20: Routine Organs Collected for the Mouse Carcinogenicity Study 
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Organ weights 
Absolute weights were measured for the organs listed in (Table 20) and relative weights 
were calculated. Organ weight data was not reviewed as it was not critical to the 
evaluation of neoplastic findings.   
 
Histopathology 
 
Adequate battery: Yes 
 
Histopathologic examination was initially conducted in a “read down” fashion: i.e. all 
tissues and gross lesions were examined for Groups 1-Air Control, 2-Placebo (Vehicle-
control) pMDI Control, and 5-‘High Dose Glycopyrrolate pMDI’. Additionally, all lungs, 
respiratory tracts, and macroscopic findings in scheduled sacrificed low and mid dose 
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groups were also processed and examined. After the initial examination, remaining 
tissues from all dead and moribund animals from all groups and from all low and mid 
dose sacrificed animals were processed and examined. 
 
Peer Review 
A peer review of the microscopic findings was conducted by Dr.  of 

. The overall results reported by the study pathologist 
reflect the mutually agreed on diagnoses and interpretation of all pertinent data. 
 
Neoplastic 
In the right lung in females, alveolar-bronchiolar adenoma was noted in 7 of 60 in the 
LD group, 1 of 60 in the MD, and 6 of 60 in the HD group, indicating a positive trend, 
despite the lack of a clear dose-response. This finding reached statistical significance in 
the LD and HD group (p-values, 0.0058 and 0.0126, respectively) compared to the air 
control and vehicle control group. However, when alveolar-bronchiolar adenomas from 
the right lungs were combined with the left lungs, the p-value no longer achieved 
statistical significance.  
 

Table 21: Neoplastic Findings in the 104-Week Inhalation Carcinogenicity Study in 
Female Mice 

 

  
Non-neoplastic 
 
Nose/turbinates were examined as independent sections 1-4 and notable findings were 
listed in the histopathology table below. In the nasal cavity turbinate L1, acute 
inflammation increased with the dose in males. However, acute inflammation was not 

Air Ctrl Placebo Low Dose Mid Dose High Dose
NA NA 0.335 0.7 1.42

# of animals on Study 60 60 60 60 60
Lung, Left
total examined 60 60 60 60 60
Alveolar-Bronchiolar Adenoma 3 2 1 0 2
Alveolar-Bronchiolar Carcinoma 1 1 0 0 1
Lung, Right 
total examined 60 60 60 60 60
Alveolar-Bronchiolar Adenoma 0 0 7 1 6
Alveolar-Bronchiolar Carcinoma 2 1 1 2 2
Lung, Right + Left
total examined 53 53 51 55 51
Alveolar-Bronchiolar Adenoma 3 2 8 1 7
Alveolar-Bronchiolar Carcinoma 2 2 1 2 3
Alveolar-Bronchiolar Adenoma/Carcinoma 4 4 9 3 10

Mouse                                                
Organ/Tissue (Neoplastic findings)

Females (mg/kg/day)
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observed in any female treatment groups. In the nasal cavity turbinate L2, hyaline 
degeneration of the olfactory epithelium increased with the dose of glycopyrrolate in 
males and females. Hyaline degeneration of the olfactory epithelium was not noted in 
any air control animals of either sex. In nasal cavity turbinate L3, hyaline degeneration 
of the olfactory epithelium and respiratory epithelium was noted at high incidence in the 
placebo and treatment groups. The findings in the nose/turbinates were not considered 
clinically relevant, because mice, which were obligate nose breathers, received 
glycopyrrolate by nose-only inhalation and humans will be dosed via oral inhalation.  
 

Table 22: Non-Neoplastic Findings in Mouse Carcinogenicity Study through 
terminal sacrifice 

 

Toxicokinetics 
Toxicokinetic analysis was not conducted. 
 
Safety margins for the proposed clinical dose 18 µg/dose BID of glycopyrrolate are 
calculated for the low dose, mid dose, and high dose in the 104-week mouse 
carcinogenicity study. Toxicokinetic analysis was not conducted, therefore safety 
margins were calculated on a mg/kg and mg/m2 basis using the estimated achieved 
doses. On a mg/kg basis the safety margins for the clinical dose relative to the 
nonclinical doses were 558 at the low dose and 1167 at the mid dose. On a mg/m2 
basis the safety margins for the clinical dose relative to the nonclinical doses were 45 at 
the low dose and 95 at the mid dose. 
 
  

Air Ctrl Placebo Low Dose Mid Dose High Dose Air Ctrl Placebo Low Dose Mid Dose High Dose
NA NA 0.347 0.705 1.46 NA NA 0.335 0.7 1.42

No. Examined 60 60 60 60 60 60 60 60 60 60
Nasal Cavity w/ Turbinates L1
total examined 60 60 60 60 60 60 60 60 60 60
Inflammation, Acute 1 0 2 3 5 1 1 0 0 0
Nasal Cavity w/ Turbinates L2
total examined 60 60 60 60 60 60 60 60 60 60
Degeneration, Hyaline, Olfactory, 
Epithelium 0 1 2 10 15 0 2 5 8 31
Nasal Cavity w/ Turbinates L3
total examined 60 60 60 60 60 60 60 60 60 60
Degeneration, Hyaline, Olfactory, 
Epithelium 0 38 39 44 52 0 53 17 40 55
Degeneration, Hyaline, Respiratory, 
Epithelium 0 42 13 35 47 0 14 42 41 56

Mouse                                                
Organ/Tissue (Non-Neoplastic findings)

Males (mg/kg/day) Females (mg/kg/day)
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Table 23: Safety Margins for Clinical dose of 18 µg Glycopyrrolate BID based on 
104 Week Carcinogenicity Study in Mice 

 
Clinical dose of 0.02 mg/m2 was used for mg/m2 safety margin calculation. Daily doses 
administered to mice in µg/kg were converted to mg/m2 by multiplying by a conversion 
factor of 3. 
 
 
 

11 Integrated Summary and Safety Evaluation 

The Sponsor has submitted a marketing application for the inhaled triple combination 
product composed of glycopyrrolate (G), budesonide (B), and formoterol (F or FF) as a 
treatment for COPD. The Sponsor currently markets the combination of glycopyrrolate 
and formoterol under the tradename of Bevespi Aerosphere as a treatment for COPD. 
The inhaled triple combination product represents the addition of budesonide to the 
approved combination of glycopyrrolate and formoterol. The Sponsor also markets the 
combination of formoterol and budesonide under the tradename of Symbicort for the 
treatment of asthma and COPD. The Sponsor has complete nonclinical programs for 
formoterol and budesonide. The Sponsor used a 505b2 approach for the development 
of Bevespi Aerosphere that involved referencing nonclinical studies with glycopyrrolate 
from another Sponsor’s label.  
 
During the IND development phase for the inhaled triple combination product, the 
Sponsor was requested to conduct only one nonclinical study, a 90-day inhalation 
toxicology study in dogs with the combination of BGF.  
 
In an attempt to support a 505b1 application for the inhaled combination of 
glycopyrrolate, budesonide, and formoterol, the Sponsor provided a complete 
nonclinical program for glycopyrrolate.  In the current application, the Sponsor provided 
reproductive toxicology studies that consisted of a fertility and early embryonic 
development (FEED) study in rats, embryo-fetal development (EFD) studies in rats and 
rabbits, and a pre- and postnatal development (PPND) study in rats as well as 2-year 
inhalation carcinogenicity studies with glycopyrrolate in Sprague-Dawley rats and 
B6C3F1 mice. In NDA 208294 for the Bevespi Aerosphere, the Sponsor submitted 6-
month inhalation toxicology studies with glycopyrrolate in rats and dogs, a 90-day 
inhalation toxicology study in dogs with the combination of glycopyrrolate and 
formoterol, and a complete battery of genetic toxicity studies with glycopyrrolate. It is 
noted that the Sponsor never conducted their own pharmacology studies with 
glycopyrrolate, but rather relied on the published literature. This review primarily 
evaluated the reproductive toxicity studies and 2-year carcinogenicity studies in rats and 

Nonclinical Group
Dose          
Male (µg/kg)

Safety Margin 
µg/kg

Safety Margin 
mg/m2

Dose          
Female (µg/kg)

Safety Margin 
mg/kg 

Safety Margin 
mg/m2

Low 347 578 47 335 558 45
Mid 705 1175 95 700 1167 95
High 1460 2433 197 1420 2367 192

Mouse Carcinogenicity Safety Margins Based on Clinical Dose of 18 µg/dose Glycopyrrolate BID
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mouse with glycopyrrolate. As described below, the Sponsor’s 505b1 approach was 
determined to not be viable given that 2-year inhalation carcinogenicity study in rats was 
considered invalid. 
 
Excipients 
This product contains no novel excipients. BGF contains HFA-134a as the propellant 
(DMF ) and porous particles (PP) as an excipient. Both 
excipients are present in approved and currently marketed products including Bevespi 
Aerosphere (NDA 208294). Porous particles (PP) are comprised of  DSPC (1,2-
distearoyl-sn-glycero-3-phosphocholine) and CaCl2 (calcium chloride).  
 
Pharmacology 
The Sponsor did not conduct any pharmacology studies with glycopyrrolate, but rather 
relied on the published literature. The Sponsor conducted pharmacology studies with 
formoterol fumarate under NDA 21929 for Symbicort and with budesonide under NDA 
20929 for Pulmicort Respules. Established pharmacological classifications for 
glycopyrrolate, budesonide, and formoterol fumarate are anticholinergic, corticosteroid, 
and long-acting beta2-adrenergic agonist. 
 
ADME 
The Sponsor conducted very limited ADME studies with glycopyrrolate. The Sponsor 
conducted ADME studies with formoterol fumarate under NDA 21929 for Symbicort and 
with budesonide under NDA 20929 for Pulmicort Respules. 
 
General Toxicology 
During the IND development phase for the inhaled triple combination product, the 
Sponsor was requested to conduct only one nonclinical study, a 90-day inhalation 
toxicology study in dogs with the combination of BGF.  
 
In NDA 208294 for the Bevespi Aerosphere, the Sponsor submitted 6-month inhalation 
toxicology studies with glycopyrrolate in rats and dogs as well as a 90-day inhalation 
toxicology study in dogs with the combination of glycopyrrolate and formoterol. The 
Sponsor conducted inhalation toxicology studies with formoterol fumarate and the 
combination of formoterol and budesonide under NDA 21929 for Symbicort and with 
budesonide under NDA 20929 for Pulmicort Respules. 
 
90-day inhalation toxicology study in dogs with BGF 
In the 90-day BGF-triple combination and BFF-dual combination inhalation study (Study 
No. FY14-148A), beagle dogs (4/sex/group) were dosed with budesonide (B), 
glycopyrrolate (G), and formoterol fumarate (F or FF) as a triple combination (BGF) or 
budesonide and formoterol fumarate (BFF) as a double combination at low, mid, or high 
doses, via face mask inhalation daily for 90 days to study the potential toxicological 
interactions between the three drugs. The study used the clinical formulations of 
budesonide, glycopyrrolate, and formoterol fumarate. There were no deaths during the 
study period. The most notable histopathology findings were cortical atrophy in the 
adrenal gland, lymphocyte decrease in the tracheobronchial lymph nodes, and 
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hepatocellular alteration in the liver. The observed histopathological findings were 
generally consistent with known corticosteroid class effects of budesonide with the 
exception of the findings in the liver that could be attributed to formoterol fumarate 
(known class effect of beta2-adrenergic agonists). It was not possible to discern if there 
were any toxicokinetic interactions on the basis of how the study was designed. There 
was no evidence of additive or synergistic toxic effects when adding budesonide to the 
approved combination of glycopyrrolate and formoterol (i.e., Bevespi Aerosphere). 
 
 
Carcinogenicity 
The Sponsor conducted carcinogenicity studies in mice and rats with formoterol under 
NDA 21929 for Symbicort and budesonide under NDA 20929 for Pulmicort Respules.  
 
In an attempt to support a 505b1 application for the inhaled triple combination of 
glycopyrrolate, budesonide, and formoterol, the Sponsor conducted two-year inhalation 
carcinogenicity studies with glycopyrrolate in Sprague-Dawley rats and B6C3F1 mice. 
Prior concurrence for doses used in these studies was not obtained from the Executive 
Carcinogenicity Assessment Committee. Final results of these studies were presented 
to the ECAC on April 16, 2019. 
 
2-year inhalation carcinogenicity study in rats: In a 2-year carcinogenicity study, 
Sprague Dawley rats received glycopyrronium bromide (glycopyrrolate) by inhalation 
(nose-only) at estimated achieved doses of 0 (air-control), 0 (vehicle-control), 
151.7/165.93 (LD, M/F), 302.9/330.66 (MD, M/F), and 620.45/684.14 (HD, M/F) 
µg/kg/day. The study included an interim sacrifice of 10 rats/sex/group after 52 weeks of 
treatment. Doses are represented as the estimated achieved pulmonary doses with the 
quaternary ammonium bromide salt form of the drug substance (glycopyrrolate).  
 
Treatment with glycopyrrolate had no effects on survival of male or female rats. Dose-
related decreases of absolute body weights were observed in male and female rats 
beginning at approximately week 12 and continuing over the course of study. At Week 
81, absolute body weights were reduced for drug-treated male groups by 11.8% (LD), 
19.9% (MD), and 20% (HD) and for female drug-treated groups by 16% (LD), 11.4% 
(MD), and 23.4% (HD), relative to air-control groups. Decreases of absolute body 
weights appeared to be potentially excessive (>10%). The Sponsor did not implement 
any dose reductions during the course of the study to minimize decreases of absolute 
body weights. 
 
The Sponsor elected to terminate the entire study early (starting at Week 82) for all 
male and female groups due to low survival (22 of 60 [37%] females remaining) in the 
female air-control group at week 82. According to ECAC criteria for study termination, if 
the number of animals of a sex within the control group declines to 20, then all groups of 
that sex including drug-treated should be terminated. Based on these criteria, it was 
inappropriate to terminate female groups at that time. Further, in the male air-control 
and vehicle-control groups, 37 of 60 (62%) and 27 of 60 (45%) animals, respectively, 
were alive at week 82. Male groups were inappropriately terminated per ECAC criteria 
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for study termination. The study duration was potentially inadequate to assess drug-
induced tumor development. The ECAC concluded that the carcinogenicity study was 
inadequate in male and female rats due to early termination of the study (see meeting 
minutes dated April 16, 2019). 
 
A 505b1 application was no longer considered viable with the judgement that the 2-year 
carcinogenicity study in rats was inadequate. As a path forward to avoid repeating the 
2-year carcinogenicity study with rats, the Sponsor administratively changed the 
application to the 505(b)(2) pathway in order to rely on the Agency’s previous findings of 
safety for glycopyrrolate with the reference listed drug, ROBINUL Injection (NDA 17558) 
and published literature on the pharmacology of glycopyrrolate. The label will provide a 
description of the 2-year carcinogenicity study with glycopyrrolate administered by oral 
gavage to rats that can be found in the label for the referenced listed drug, CUVPOSA® 
(pending). 
 
2-year inhalation carcinogenicity study in mice: In a 2-year carcinogenicity study, 
B6C3F1 mice received glycopyrronium bromide (glycopyrrolate) by inhalation (nose-
only) at estimated achieved doses of 0 (air-control), 0 (vehicle-control), 0.347/0.335 (LD, 
M/F), 0.705/0.7 (MD, M/F), and 1.46/1.42 (HD, M/F) mg/kg/day. Doses are represented 
as the estimated achieved pulmonary doses with the quaternary ammonium bromide 
salt form of the drug substance (glycopyrrolate).  
 
Treatment with glycopyrrolate had no effects on survival of male or female mice up to 
104 weeks. Dose-related decreases of absolute body weights were observed in males 
and females beginning around Week 3 and Week 11, respectively, and continuing over 
the course of study. Decreases of absolute body weights at the end of the study 
appeared to be potentially excessive (>10%) for MD Females (-15.9%), HD males (-
15%), and HD females (-27.7%). The Sponsor did not implement any dose reductions 
during the course of the study to minimize decreases of absolute body weights. 
 
There were no statistically significant test article-related tumor findings in male mice 
from the low and mid dose groups and female mice in the low dose group.  
 
The ECAC concluded that body weight decreases in high dose males and mid and high 
dose females could confound interpretation. The ECAC concurred that no drug-related 
neoplasms were observed at the low dose in females and the mid and low dose in 
males.  
 
Toxicokinetic analysis was not conducted; however, histopathological findings in the 
nose/turbinates demonstrate exposure to glycopyrrolate in the respiratory tract. 
Decreased body weights in drug-treated groups were suggestive of systemic drug 
exposure. 
 
Reproductive Toxicity Studies  
The Sponsor conducted reproductive toxicity studies with formoterol under NDA 21929 
for Symbicort and budesonide under NDA 20929 for Pulmicort Respules. In an attempt 
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to support a 505b1 application for the inhaled triple combination of glycopyrrolate, 
budesonide, and formoterol, the Sponsor conducted reproductive toxicity studies with 
glycopyrrolate that consisted of a FEED study in rats, EFD studies in rats and rabbits, 
and a PPND study in rats. 
 
Fertility and Early Embryonic Development (FEED) study in rats 
In a fertility and early embryonic development study, male rats and female rats received 
glycopyrrolate (salt) by subcutaneous (SC) administration at doses of 0 (vehicle, sterile 
saline), 0.1, 1.0, or 10 mg/kg/day. Males were treated during a 4-week premating 
period, up to 2 weeks during the mating period, and continuing up to necropsy 
(minimum of 52 days). Females were treated during a 2-week pre-mating period, up to 2 
weeks during the mating period, and from gestation day (GD) 0 to GD 6 (minimum of 28 
days). Male rats were mated with female rats within the same control or drug-treated 
group. Dams underwent cesarean sections on GD 13. There were no deaths in the test 
article-treated groups. Decreased body weight gains, exceeding 10% relative to 
controls, were seen at all doses in males over the entire treatment period (Day 52 at 
minimum). Decreased body weight gains, exceeding 10% relative to control, were seen 
at all doses in females during the pre-mating period; however, body weight gains were 
unaffected from GDs 0 to 6. Glycopyrrolate at doses up to 10 mg/kg/day did not affect 
fertility or reproductive performance (mating and fertility indices) in male or female rats. 
The NOAEL for male and female mating and fertility was the high-dose (10 mg/kg/day) 
which was associated with AUC0-24 of 6443 ng*hr/mL in males and 3371 ng*hr/mL in 
females. NOAELs for paternal and maternal toxicity were not identified based on 
decreased body weight gains exceeding 10% at all doses. 
 
Embryo-Fetal Development (EFD) Studies in Rabbits and Rats 
In an embryofetal development (EFD) study, time-mated female rabbits were treated by 
subcutaneous injection with 0 (control), 0.1 (low-dose), 1.0 (mid-dose), or 10 (high-
dose) mg/kg/day glycopyrrolate during the period of organogenesis from GD 6 to 18 
(day of confirmed mating was GD 0). Maternal toxicity was noted in mid- and high-dose 
pregnant females based upon decreased body weight gains, exceeding 10% relative to 
control, at the MD and body weight losses at the HD. Decreased body weight gain at 
the MD and body weight loss at the HD correlated with reduced food consumption. 
Body weight gain for the low dose group was comparable to the concurrent control 
group. Using body weights and body weight gains corrected for gravid uterus weights 
confirmed maternal toxicity was present at the MD and HD. Decreased male fetal body 
weights observed at the high dose were attributed to maternal toxicity. There were no 
dose dependent changes in cesarean section parameters, or test article related 
malformations or variations up to the high dose of 10 mg/kg, which was associated with 
an AUC of 5693 ng*hr/mL in gravid females on GD 18. The NOAEL for maternal toxicity 
was 1 mg/kg based on reduced BWG at the MD and body weight loss at the HD. The 
NOAEL for developmental toxicity was the MD, 1 mg/kg, based on reduced body 
weights for male fetuses in the 10 mg/kg treated group; however, this could be 
attributed to excessive maternal toxicity at the HD. 
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In an EFD study, time-mated female rats were treated by subcutaneous injection with 0 
(control), 0.1 (low-dose), 1.0 (mid-dose), or 10 (high-dose) mg/kg/day glycopyrrolate 
during the period of organogenesis from GD 6 to 17 (day of confirmed mating was GD 
0). Maternal toxicity was noted in mid- and high-dose pregnant females based upon 
decreased body weight gains, exceeding 10%, which correlated with reduced food 
consumption. Treatment with glycopyrrolate caused reduced fetal body weights in 
fetuses in the high-dose group that appeared to be the result of maternal toxicity. 
Glycopyrrolate did not cause any structural abnormalities (no external, visceral, or 
skeletal variations or malformations) and did not affect fetal survival at maternal 
subcutaneous doses up to 10 mg/kg/day. The NOAEL for maternal toxicity was the low-
dose (0.1 mg/kg/day).  The NOAEL for EFD toxicity was the mid-dose (1 mg/kg/day); 
decreased fetal body weights observed at the high dose were attributed to maternal 
toxicity. 
 
Prenatal and Postnatal Development (PPND) Study in Rats 
In a rat PPND study, mated female rats (F0 generation) were treated by 
subcutaneous injection with 0 (control), 0.1 (low-dose), 1.0 (mid-dose), and 10 (high-
dose) mg/kg/day glycopyrrolate from GD 6 to Postnatal Day/Lactation Day (PND/LD) 
21-23. In the F0 generation, the mid- and high-dose groups had dose-dependent 
reductions of body weight gain (MD -15%, HD -29%) relative to the control group by GD 
20 (correlated with decreased food consumption). Body weight gains for F0 drug-treated 
female group were unaffected from LDs 1 to 20. Toxicokinetic studies indicated that 
resulting plasma glycopyrrolate concentrations in F0 dams were dose-proportional 
based on Cmax. The plasma Cmax values for glycopyrrolate detected in F1 generation 
pups were from 4 to 16 times lower than in corresponding F0 dams. Absolute body 
weights of F1 pups in the high dose group from birth throughout the lactation period 
were approximately 10% lower relative to the control group. However, body weight 
gains of F1 generation pups from PND 0 to 21 and PND 28 to 70(M)/63(F) were 
comparable between control and drug-treated groups.  There were no effects on 
physical or neurological development in F1 generation pups. Drug-treatment of F0 dams 
had no effects on fertility of F1 offspring. Drug-treatment of the F0 dams had no effects 
on numbers of corpora lutea, implantations, pre-and post-implantation losses, and live 
fetuses for pregnant F1 females. Development of F2 pups from PND 0 to 21 was 
unaffected by drug treatment of F0 dams. The NOAEL for maternal toxicity was the low-
dose (0.1 mcg/kg/day) based on decreases of body weight gain at the mid- and high-
doses. The NOAEL for the F1 pup development was the high-dose (10 mg/kg/day). 
Exposure margin calculations relative to the clinical dose were performed by 
extrapolation using exposure data from the EFD study with rats. 
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glycopyrrolate in rats, the Sponsor could administratively change the application to the 
505(b)(2) path and cite reliance on another glycopyrrolate product for nonclinical 
information. Additionally, we noted that AstraZeneca did not submit their own 
pharmacology studies, and do not own the literature that they reference to support the 
pharmacology of glycopyrrolate. Therefore, citing reliance on this literature may also 
make the pending NDA, a 505(b)(2) application (unless AZ owns or has right of 
reference to the data needed for approval). 
 
The Sponsor, responded to the IR on June 13, 2019, acknowledging the comments 
provided in our IR and indicated that AstraZeneca will utilize the 505(b)(2) pathway in 
order to rely on the Agency’s previous finding of safety for glycopyrrolate using the 
reference listed drug ROBINUL Injection (NDA 017558) and published literature on the 
pharmacology of glycopyrrolate. It should be noted that carcinogenicity studies were 
never conducted to support the approval of ROBINUL Injection (NDA 017558). 
 
 
The nonclinical program with the 3 individual agents as well as the combination were 
considered adequate to support approval of the triple combination from the nonclinical 
perspective. It should be noted that during the IND development phase for the inhaled 
triple combination product, the Sponsor was requested to conduct only one nonclinical 
study, a 90-day inhalation toxicology study in dogs with the combination of BGF. 
 
 
Recommendations 
The application is recommended for approval from the nonclinical perspective. There 
are no outstanding nonclinical issues.  
 

12 Appendix/Attachments 

1. ECAC Meeting Minutes dated April 16, 2019. 
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Executive CAC Final Study Minutes
Date of Meeting: April 16, 2019

Committee: Karen Davis Bruno, PhD, OND IO, Chair
Ron Wange, PhD, OND IO, Member
Paul Brown, PhD, OND IO, Member
Tim McGovern, PhD, OND IO, Member
Terry Miller, PhD, DAIP, Alternate Member 
Timothy Robison, PhD, DPARP, Pharm/Tox Team Leader 
Ijeoma Uzoma, PhD, DPARP, Presenting Reviewer

The following information reflects a brief summary of the Committee discussion and its 
recommendations. 

NDA #: 212122 
Drug Name: Glycopyrronium Bromide (Glycopyrrolate)
Sponsor: AstraZeneca

Background
Glycopyrrolate is an anticholinergic proposed for clinical use in combination with 
budesonide and formoterol in a metered dose inhaler, for twice-daily maintenance 
treatment of airflow obstruction in patients with chronic obstructive pulmonary disease 
(COPD).

Glycopyrrolate was negative in the Ames test for bacterial gene reverse mutation. 
Further, glycopyrrolate was negative in the in vitro micronucleus assay in TK6 cells, and 
negative in the in vivo micronucleus assay in rats.

The Applicant conducted 2-year rat and mouse studies with Glycopyrrolate using the 
nose-only inhalation route of exposure.

Mouse Carcinogenicity Study
In a 2-year carcinogenicity study, B6C3F1 mice received glycopyrronium bromide 
(glycopyrrolate) by inhalation (nose-only) at estimated achieved doses of 0 (air-control), 
0 (vehicle-control; CaCl2 and Distearoyl-sn-Glycero-3-phosphocholine [DSPC]), 
0.347/0.335 (LD, M/F), 0.705/0.7 (MD, M/F), and 1.46/1.42 (HD, M/F) mg/kg/day. 

Prior concurrence for doses used in this study was not obtained from the Executive 
Carcinogenicity Assessment Committee.

Treatment with glycopyrrolate had no effects on survival in male or female mice up to 
104 weeks.

Dose-related decreases of absolute body weights were observed in males and females 
beginning around Week 3 and Week 11, respectively, and continuing over the course of 
study. Decreases of absolute body weights at the end of the study appeared to be 
potentially excessive (>10%) for MD Females (-15.9%), HD males (-15%), and HD 
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females (-27.7%). The Sponsor did not implement any dose reductions during the 
course of the study to minimize decreases of absolute body weights.

There were no statistically significant test article-related tumor findings in male or female 
mice.

Rat Carcinogenicity Study
The rat carcinogenicity study was a 104-week inhalation (nose-only) study in Sprague-
Dawley rats (60/sex/group). Male and female rats received glycopyrronium bromide 
(glycopyrrolate) by inhalation (nose-only) at estimated achieved doses of 0 (air-control), 
0 (vehicle-control; CaCl2 + DSPC), 151.7/165.93 (LD, M/F), 302.9/330.66 (MD, M/F), and 
620.45/684.14 (HD, M/F) µg/kg/day.

Prior concurrence for doses used in this study was not obtained from the Executive 
Carcinogenicity Assessment Committee.

Treatment with glycopyrrolate had no effects on survival of male or female rats. The 
Sponsor elected to terminate the entire study early (starting at Week 82) for all male and 
female groups due to low survival (22 of 60 [37%] females remaining) in the female air-
control group at week 82. According to ECAC criteria for study termination, if the number 
of animals of a sex within the control group declines to 20, then all groups of that sex 
including drug-treated should be terminated. Based on these criteria, it was inappropriate 
to terminate female groups at that time. Further, in the male air-control and vehicle-control 
groups, 37 of 60 (62%) and 27 of 60 (45%) animals, respectively, were alive at week 82. 
Male groups were inappropriately terminated per ECAC criteria for study termination. The 
study duration was potentially inadequate to assess drug-induced tumor development.

Dose-related decreases of absolute body weights were observed in male and female 
rats beginning at approximately week 12 and continuing over the course of study. At 
Week 81, absolute body weights were reduced for drug-treated male groups by 11.8% 
(LD), 19.9% (MD), and 20% (HD) and for female drug-treated groups by 16% (LD), 
11.4% (MD), and 23.4% (HD), relative to air-control groups. Decreases of absolute body 
weights appeared to be potentially excessive (>10%). 

There were no statistically significant test article-related tumor findings in male or 
female rats.

Executive CAC Recommendations and Conclusions

Mouse study: 
 The Committee concluded that body weight decreases in high dose males and mid 

and high dose females could confound interpretation. The Committee concurred 
that no drug-related neoplasms were observed at the low dose in females and the 
mid and low dose in males.
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Rat study: 
 The Committee concluded that the carcinogenicity study was inadequate in male 

and female rats due to early termination of the study. 
                                              

Karen Davis Bruno, PhD
Chair, Executive CAC
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1. Background 

 
In this submission, the sponsor included reports of two animal carcinogenicity studies, one in regular rats 
and one in regular mice. These studies were intended to evaluate the potential carcinogenicity of a 
pressurized metered dose inhalation (pMDI) formulation of glycopyrrolate (glycopyrrolate pMDI), when 
administered via nose-only inhalation at appropriate drug levels for about 104 weeks in rats and in mice. 
Results of this review have been discussed with the reviewing pharmacologist Dr. Uzoma.  
 
In this review, the phrase "dose response relationship" (trend) refers to the linear component of the effect of 
treatment, and not necessarily to a strictly increasing or decreasing mortality or tumor incidence rate as dose 
increases. 

2. Rat Study 

 
In this study two separate experiments were conducted, one in male rats and one in female rats. In each of 
these two experiments there were three treated groups, one air control group and one placebo group. 
Three hundred fifty Sprague-Dawley rats of each sex were assigned to three treated groups, one air 
control group and one placebo control group by a stratified randomization scheme designed to achieve 
similar group mean body weights in equal size of 70 animals (60 animals designated for the final 
sacrifice, 
and 10 animals designated for a 52-week interim sacrifice), as indicated in Table 1. The pulmonary doses 
delivered levels for treated groups were 151.70, 302.92, and 620.45 μg/kg/day for male rats and 165.93, 
330.66, and 684.14 μg/kg/day for female rats. In this review, these dose groups were referred to as the 
low, medium, and high dose group, respectively. The active drug was not detected in the Air or Placebo 
aerosols. The placebo group received [Calcium Chloride Dihydrate (CaCl2) and 1,2-Distearoyl-sn-
Glycero-3-Phosphocholine (DSPC)], administered via nose inhalation for about 104 weeks in the same 
manner as the treated groups. The Air Control group for male and female rats was terminated at week 81. 
All the other groups stayed in the study for one more week and were sacrificed at week 82. 
 

Table 1: Experimental Design in Rat Study 

 

Group Name Group N0.    Dose Level (μg/kg/day) 

   Male                 Female  

Number of Animal 

   Males                            Females 

Air Control 1  ND ND 70 70 
Placebo control 2  ND ND 70 70 
Low 3  151.70 165.93 70 70 
Medium 4  302.92 330.66 70 70 
High 5  620.45 684.14 70 70 
ND: The active drug was not detected in the Air or Placebo aerosols.                                                                                                       
60 animals designated for the final sacrifice, and 10 animals designated for a 52-week interim sacrifice 
Survival in Placebo control males and Air control females led to study termination at 81-82 weeks 
 
During the administration period, all animals were checked for morbidity, mortality, injury, a minimum 
of twice daily (a.m. and p.m.). Any animal showing signs of severe debility or intoxication, and if 
determined to be moribund or suffering excessively will be euthanized. Observations included but were 
not limited to the following: reactivity to general stimuli and description of any abnormal behaviors, 
lesions, or appearances, if applicable. Special attention was paid to observe for clinical signs associated 
with the respiratory tract (such as apnea, labored breathing, rapid breathing, marked nasal discharge, 
etc.). Histopathological examinations were performed on all animals found dead or killed moribund or 
sacrificed at the end of the experiment. Body weights and food consumption for all animals were 
measured and recorded at receipt, prior to randomization and once weekly for the first 13 weeks of the 
study and once monthly thereafter. 
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2.1. Sponsor's analyses 

 
2.1.1. Survival analysis 

 
The probability of survival was determined by the product-limit procedure of Kaplan and Meier 
(1958). Animals found dead of other natural causes were censored (i.e., interim sacrifices); animals dying 
from natural causes were not censored. Statistical analyses for possible exposure-related effects on 
survival performed using Cox’s (1972) method for testing two groups equality. 
 
Sponsor’s findings: 
 
Sponsor’s analysis showed the numbers of rats surviving to their terminal necropsy were 37, 27, 35, 32, 
and 37 in the air control, placebo control group, low, medium, and high dose groups, in male rats, 
respectively, and 22, 25, 29, 22, and 29 in air control, placebo control, low, medium, and high dose 
groups, in female rats, respectively. The sponsor’s report concluded that, there was no statistically 
significant increase or decrease in mortality across the placebo control or the air control group and the 
three treated groups in either sex of rats. The pairwise comparisons showed no statistically significant 
increase or decrease in mortality between each of the treated groups, and the placebo control or the air 
control group in either sex of rats.  
 
2.1.2. Tumor data analysis  

 
Tumor incidence data were analyzed within each sex, using both the poly-3 statistical analysis as first 
described by Bailer and Portier (1988) and modified by Bieler and Williams (1993), and the Peto’s 

mortality-prevalence method (Peto, 1980) without continuity correction, incorporating the context 
(incidental or fatal) in which tumors were observed. The following fixed intervals were used for 
incidental tumor analyses: weeks 0-52 (including interim sacrifices), 53-end of study (up to but excluding 
terminal sacrifice in week 83), and terminal sacrifice. Tumors classified as mortality-independent, such 
as, but not limited to, those of the mammary gland and skin, were analyzed with Peto’s mortality 

independent method incorporating the day of detection. 
 
For all organs, the incidence of each tumor type was analyzed with a 1-sided trend test using ordinal 
coefficients. In addition, pairwise comparisons with the control was conducted for each active treatment 
group. The trend tests and pairwise comparisons were conducted separately for the Air and Placebo 
control. In addition, a 2-sided comparison of the Placebo control group versus the Air control group was 
conducted. An exact permutation test was conducted for analyses with low tumor incidence. 
 
All animals that died or were sacrificed after the first animal of that sex was terminally sacrificed were 
included in the scheduled terminal sacrifice interval for the incidental finding analyses. All tumors in the 
scheduled terminal sacrifice interval were considered incidental for statistical analysis.  
 
Adjustment for the multiplicity: 
 

For multiplicity adjustment, the sponsor used significance levels of 0.005 and 0.025 for common and rare 
tumors, respectively in dose response relationship (trend) tests and significance levels of 0.01 and 0.05 
for common and rare tumors, respectively in pairwise comparisons. Site-specific background historical 
control database was used to determine whether the tumors should be designated as rare or common. 
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Sponsor’s findings: 
 
Following the multiple testing adjustment method described above, the sponsor’s analysis showed no 
tumor types with a statistically significant dose response relationship in tumor incidences with increased 
glycopyrrolate (glycopyrrolate pMDI) dose. the pairwise comparisons showed statistically significant 
increases in the low dose group for the incidences of adenoma, mammary gland, in the mammary gland, 
when compared to the air control group in female rats with  (p-value =0.0004 using Peto, p=0.0005 using 
asymptotic poly-3, and p=0.0008 using the conditional exact poly-3 tests), since this tumor type was 
considered as common tumor. Also, in female rats the pairwise comparisons showed statistically 
significant increases in the medium dose group for the incidences of adenoma, c-cell, in the thyroid 
gland, when compared to the placebo control group in female rats by the asymptotic poly-3 (p=0.0061). 
  

2.2 Reviewer's analyses 

 
To verify sponsor’s analysis and to perform additional analyses suggested by the reviewing pharmacologist, 
this reviewer independently performed the survival and tumor data analyses. Data used in this reviewer's 
analyses were provided by the sponsor electronically on February 07, 2019 via SN0005. 
 
Animals designed for the interim sacrifice i.e. all the animal designated for the 52-week interim sacrifice 
(10/sex/group) were excluded for this study.  
 
All male and female rats were sacrificed during the week 83, which is too short to enable animals to 
develop tumors during their later life. 
 
2.2.1 Survival analysis  

   
In the reviewer’s analysis, intercurrent mortality data were analyzed using the Kaplan-Meier product 
limit method. The Kaplan-Meier’s curves were presented graphically for male and female rats separately. 
The dose response relationship and homogeneity of survival distributions were tested for the treatment 
groups using the Likelihood Ratio test and the Log-Rank test. The intercurrent mortality data are given in 
Tables 1A and 1B in the appendix for male and female rats, respectively. The Kaplan-Meier curves for 
survival rate are given in Figures 1A and 1B in the appendix for male and female rats, respectively. 
Results of the tests for dose response relationship and homogeneity of survivals, are given in Tables 2A 
and 2B in the appendix for male and female rats, respectively.  
 

Reviewer’s findings: 

 

This reviewer’s analysis showed the numbers of rats surviving to their terminal necropsy were 37, 27, 35, 
32 and 37 in the air control, placebo control group, low, medium, and high dose groups, in male rats, 
respectively, and 22, 25, 29, 22, and 29 in the air control, placebo control, low, medium, and high dose 
groups, in female rats, respectively. This reviewer’s analysis showed no statistically significant increase 
in mortality across the placebo control group and the three treated groups in either sex of rats. The 
pairwise comparison showed a statistically significant decreased mortality in high dose group when 
compared to the placebo control group in male rats with p-value = 0.0449.  
  
2.2.2. Tumor data analysis 

 
In the reviewer’s analysis, the tumor data were analyzed for dose response relationship across placebo 
control group and the treated groups, as well as the pairwise comparisons of placebo control group with 
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each of the treated groups using the Poly-k method described in the paper of Bailer and Portier (1988) 
and Bieler and Williams (1993). In this method, an animal that lives the full study period ( maxw ) or dies 
before the terminal sacrifice with development of the tumor type being tested gets a score of hs =1. An 
animal that dies at Week hw  without development of the given tumor type before the end of the study gets a 

score of hs =
k

h

w

w









max

<1. The adjusted group size is defined as Σ hs . As an interpretation, an animal with 

score hs =1 can be considered as a whole animal, while an animal with score hs <1 can be considered as a 
partial animal. The adjusted group size Σ hs is equal to N (the original group size) if all animals live up to 
the end of the study or if each animal develops the given tumor being tested, otherwise the adjusted group 
size is less than N. These adjusted group sizes are then used for the dose response relationship (or the 
pairwise comparison) tests using the Cochran-Armitage test. One critical point for Poly-k test is the choice 
of the appropriate value of k. For long term 104-week standard rat and mouse studies, a value of k=3 is 
suggested in the literature [Gebregziabher and Hoel (2009), Moon et al. (2003), Portier, et al. (1986)]. 
Hence, this reviewer used k=3 for the analysis of the data. Based on the intent to treat (ITT) principle 
Wmax was considered as 105 for both male and female rats. 
 
For the calculation of p-values, if there were less than 10 tumor bearing animals across all treatment 
groups for a given tumor type, the exact tests based on the discrete permutation distribution were used, 
with dose levels (151.70, 302.92, and 620.45 for males and 165.93, 330.66, and 684.14 for females) as 
scores, and asymptotic tests were used for tumor types with higher incidences. The tumor rates and the p-
values of the tested tumor types are listed in Tables 3A and 3B in the appendix for male rats and female 
rats, respectively.  
 

Multiple testing adjustments: 

 
Following the FDA more recently revised draft guidance for the carcinogenicity study design and data 
analysis, for the two-year rat study this reviewer used significance levels of 0.005 and 0.025 for common 
and rare tumors, respectively in dose response relationship (trend) tests and significance levels of 0.01 
and 0.05 for common and rare tumors, respectively in pairwise comparisons. 
 
A tumor is defined as a rare tumor if the published spontaneous rate or the spontaneous rate of the 
placebo control of the tumor is less than 1%, and a common tumor is defined as one with tumor rate 
greater than or equal to 1%.  
 

Reviewer’s findings: 

 
The tumor types with p-values less than 0.05 for dose response relationship and/or pairwise comparisons 
of placebo control and treated groups are reported in Table 2. 
 
 
 
 
 
 
 
 

Reference ID: 4421570





NDA 212122   GLYCOPYRROLATE (GLYCOPYRROLATE PMDI)                                                                                 Page 8 of 32 
 

 

weights and food consumption for all animals were measured and recorded at receipt, prior to 
randomization and once weekly for the first 13 weeks of the study and once monthly thereafter. Any 
animal showing signs of severe debility or intoxication, and if determined to be moribund or suffering 
excessively will be euthanized. 
 

3.1. Sponsor's analyses 

 
3.1.1 Survival analysis 

 
Kaplan-Meier curves were presented graphically for male and female mice separately, and were used to 
estimate the survival function for each dose group following Test article exposure. Log-rank test was 
used to compare the survival distributions of groups. Dunnett-Hsu's procedure (Hsu, 1992) was used to 
identify statistically significant differences between each of two control groups and each test article-
dosed group at the 0.05 level of significance. 
 
Any animal with accidental injury that causes its death, or its unscheduled sacrifice was censored in the 
estimation. In addition, all animals still alive at the end of the experimental period were censored at the 
following day. 
 

Sponsor’s findings: 
 
Sponsor’s analysis showed the numbers of mice surviving to their terminal necropsy were 46, 39, 43, 45, 
and 44, in air control, placebo, low, medium, and high dose groups in male mice, respectively, and 41, 
40, 38, 43, and 38, in female mice, respectively. The sponsor’s report concluded that there were no 
significant dose response and pairwise increases in treated groups when compared with either air control 
or placebo control group in either sex of mice. 
 
3.1.2 Tumor data analysis 

 
The sponsor used similar methodologies to analyze the mouse tumor data as those used to analyze the rat 
tumor data. 
  
The analysis of tumors was based on the following fixed time intervals: weeks 0-50, 51-80, 81-end of 
study (up to but excluding terminal sacrifice), and terminal sacrifice for both male and female mice. The 
actual dose levels were used as the scores. 
 
 Multiple testing adjustment: 

 
trend tests were conducted at the 0.005 and 0.025 significance levels for common and rare tumors, 
respectively. Pairwise comparisons with the control groups were conducted at the 0.01 and 0.05 
significance levels for common and rare tumors, respectively. A rare tumor was defined as one in which 
the historical spontaneous tumor rate was less than 1%. 
 
Sponsor’s findings:  
 
Following the multiple testing adjustment method described above, the sponsor’s analysis showed in 
male mice a statistically significant dose response relationships with the air control and active treatment 
groups in malignant adenocarcinoma in harderian gland (p=0.0033 using Peto, and p=0.0035 using 
asymptotic poly-3 test), and in female mice, the active treatment groups were statistically significant with 

Reference ID: 4421570



NDA 212122   GLYCOPYRROLATE (GLYCOPYRROLATE PMDI)                                                                                 Page 9 of 32 
 

 

the air control and with the placebo control in malignant adenocarcinoma in mammary gland (p=0.0148, 
and p=0.0149, respectively using the asymptotic poly-3 test). 
 
The pairwise comparisons showed statistically significant increases in the medium dose group for the 
incidences of histiocytic sarcoma in the systemic neoplasms, when compared to the placebo control 
group in male mice (p=0.0397, by the asymptotic poly-3 test). Also, in male mice the pairwise 
comparison in incidence between the air control and the placebo control was statistically significant 
(p=0.0155 by Peto test).  
 
In female mice, the pairwise comparisons showed statistically significant increases in the low dose group 
for the incidences of adenoma in the intest-sm, duodenum, alveolar-bronchiolar adenoma in the right 
lung, and fibrosacoma in the skin when compared to the air control group (p=0.0362 by Peto, p<0.01 by 
the Peto, asymptotic poly-3, and conditional exact poly-3 tests, and p=0.0456 by asymptotic poly-3 test, 
respectively), and when compared to the placebo control group (p=0.0357 by the asymptotic poly-3 test, 
p<0.01 by the Peto, asymptotic poly-3, and conditional exact poly-3 tests, and p=0.0446 by 
the asymptotic poly-3 test, respectively). Also, the pairwise comparisons showed a statistically 
significant increase in the high dose group for the incidences of alveolar-bronchiolar adenoma in the right 
lung, when compared with both the air control and placebo control group in female mice (p<0.01 by the 
Peto and asymptotic poly-3 tests). the pairwise comparison between the air control and the placebo 
control showed a statistically significant increase incidence in adenoma, follicular cell in the thyroid 
glands in female mice (p=0.0031 by Peto test). 
 

3.2 Reviewer's analyses  

 
Similar to the rat study, this reviewer independently performed the survival and tumor data analyses of the 
mouse study. For the analysis of the survival data and the tumor data of the mouse study, this reviewer used 
similar methodologies that were used for the analyses of the survival and tumor data of the rat study. Data 
used in this reviewer's analyses were provided by the sponsor electronically. 
 
3.2.1 Survival analysis 

 
The intercurrent mortality data are given in Tables 4A and 4B in the appendix for male and female mice, 
respectively. The Kaplan-Meier curves for death rate are given in Figures 2A and 2B in the appendix for 
male and female mice, respectively. Results for test of dose response relationship and homogeneity of 
survivals among treatment groups are given in Tables 5A and 5B in the appendix for male and female 
mice, respectively. 
 
Reviewer’s findings:  
 
This reviewer’s analysis showed the numbers of mice surviving to their terminal necropsy were 46, 39, 43, 
45, and 44, in air control, placebo control, low, medium, and high dose groups in male mice, respectively, 
and 41, 40, 38, 43, and 38, in female mice, respectively. This reviewer’s analysis showed no statistically 

significant increase in mortality across the placebo control group and the three treated groups in either sex 
of mice. The pairwise comparisons showed no statistically significant increase or decrease in mortality 
between each of the treated groups and the placebo control group in either sex of mice. 
 
3.2.2 Tumor data analysis 

 
The tumor rates and the p-values of the tumor types tested for dose response relationship and the pairwise 
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these two experiments there were three treated groups, one air control group and one placebo group. Three 
hundred fifty Sprague-Dawley rats of each sex were assigned to three treated groups, one air control group 
and one placebo group by a stratified randomization scheme designed to achieve similar group mean body 
weights in equal size of 60 animals designated for the final sacrifice, the 10 animals/sex/group, designated 
for a 52-week interim sacrifice were excluded for this study. The pulmonary doses delivered levels for 
treated groups were 151.70, 302.92, and 620.45 μg/kg/day for male rats and 165.93, 330.66, and 684.14 
μg/kg/day for female rats. In this review, these dose groups were referred to as the low, medium, and high 

dose group, respectively. The active drug was not detected in the Air or Placebo aerosols. The placebo 
group received [Calcium Chloride Dihydrate (CaCl2) and 1,2-Distearoyl-sn-Glycero-3-Phosphocholine 
(DSPC)], administered via nose inhalation for about 104 weeks in the same manner as the treated groups. 
The Air Control group for male and female rats was terminated at week 81. All the other groups stayed in 
the study for one more week and were sacrificed at week 82. 
 
This reviewer’s analysis showed the numbers of rats surviving to their terminal necropsy were 37, 27, 35, 32 
and 37 in the air control, placebo control group, low, medium, and high dose groups, in male rats, 
respectively, and 22, 25, 29, 22, and 29 in the air control, placebo control, low, medium, and high dose 
groups, in female rats, respectively. This reviewer’s analysis showed no statistically significant increase in 
mortality across the placebo control group and the three treated groups in either sex of rats. The pairwise 
comparison showed a statistically significant decreased mortality in high dose group when compared to the 
placebo control group in male rats with p-value = 0.0449. 
 
For tumor data, following the multiple testing adjustment method described above, this reviewer’s analysis 

showed no statistically significant increasing dose response relationships across the placebo control and the 
treated groups in either male or female rats. the pairwise comparisons showed a statistically significant 
increase in the medium dose group for the incidences of adenoma c-cell, in the thyroid gland, when 
compared to the placebo control group in female rats, (p= 0.0388), since this tumor type was considered as 
rare tumor. 
 
No other significant dose response relationship or pairwise comparisons were noted in either sex. 
 
Mouse Study: 

 
Two separate experiments were conducted, one in male mice and one in female mice. Three hundred 
B6C3F1 mice of each sex were assigned randomly to one of the five groups which included three treated 
groups one air control group and one placebo control group in equal size of 60 animals, as indicated in 
Table 3. The dose levels for treated groups were 0.347, 0.705, and 1.46 mg/kg/day for male mice and 0.335, 
0.700, and 1.42 mg/kg/day for female mice. In this review, these dose groups would be referred to as the 
low, medium, and high dose group, respectively. The placebo group received (Calcium Chloride Dihydrate 
(CaCl2) and 1,2-Distearoyl-sn-Glycero-3-Phosphocholine (DSPC)), administered via nose inhalation for 
about 104 in the same manner as the treated groups. 
 
This reviewer’s analysis showed the numbers of mice surviving to their terminal necropsy were 46, 39, 43, 
45, and 44, in air control, placebo control, low, medium, and high dose groups in male mice, respectively, 
and 41, 40, 38, 43, and 38, in female mice, respectively. This reviewer’s analysis showed no statistically 

significant increase in mortality across the placebo control group and the three treated groups in either sex 
of mice. The pairwise comparisons showed no statistically significant increase or decrease in mortality 
between each of the treated groups and the placebo control group in either sex of mice. 
 
For tumor data, Following the multiple testing adjustment method described above, this reviewer’s analyses 

showed no tumor types with a statistically significant dose response relationship in tumor incidences with 
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increased glycopyrrolate (glycopyrrolate pMDI) dose in either sex of mice. The pairwise comparisons 
showed statistically significant increases in the low and high dose groups for the incidences of alveolar-
bronchiolar adenoma in the right lung, when compared to the placebo control group in female mice (p-
values =0.0058, and 0.0126, respectively), since this tumor type was considered as rare tumors. 
 
No other significant dose response relationship or pairwise comparisons were noted in either sex of mice 
 
 
 
 
                                                                                                                                       Malick Mbodj, Ph.D. 
                                                                                                                                       Mathematical Statistician  
Concur:    Karl Lin, Ph.D. Team Leader, DBVI 
                Hepei Chen, secondary reviewer   
cc:  
Archival NDA 212122- GLYCOPYRROLATE (GLYCOPYRROLATE PMDI) 
 
Dr. Tsong            Ms. Patrician                                                                                                                       
Dr. Lin                Linda Ebonine 
Dr. Uzoma  
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5. Appendix 

 

Table1A: Intercurrent Mortality Rate 
Male Rats 

 
 

0 µg|kg|day 

Air Control 

0 µg|kg|day 

Placebo Control 

151.70 

µg|kg|day Low 

302.92 µg|kg|day 

Med 

620.45 µg|kg|day 

High 

Week No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

0 - 52 . . 7 11.67 7 11.67 3 5.00 1 1.67 

53 - 78 20 33.33 25 53.33 12 31.67 17 33.33 19 33.33 

79 - 83 3 38.33 1 55.00 6 41.67 8 46.67 3 38.33 

Ter. Sac. 37 61.67 27 45.00 35 58.33 32 53.33 37 61.67 

Total 60 100.00 60 100.00 60 100.00 60 100.00 60 100.00 
The Air Control group was terminated at week 81. All the other groups stayed in the study for one more week and were sacrificed at week 82. 
Animals designed for the interim sacrifice (10/sex/group) were excluded for this study. 
 
 

Table1B: Intercurrent Mortality Rate 
Female Rats 

 
 

  0 µg|kg|day  

Air Control 

0 µg |kg|day 

Placebo Control 

165.93 µg|kg|day 

Low 

330.66 µg|kg|day 

Med 

684.14 µg|kg|day 

High 

Week No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. % No. of 

Death 

Cum. % No. of 

Death 

Cum. % 

0 - 52 8 13.33 7 11.67 5 8.33 5 8.33 4 6.67 

53 - 78 27 58.33 23 50.00 23 46.67 24 48.33 26 50.00 

79 - 83 3 63.33 5 58.33 3 51.67 9 63.33 1 51.67 

Ter. Sac. 22 36.67 25 41.67 29 48.33 22 36.67 29 48.33 

Total 60 100.00 60 100.00 60 100.00 60 100.00 60 100.00 
The Air Control group was terminated at week 81. All the other groups stayed in the study for one more week and were sacrificed at week 82. 
Animals designed for the interim sacrifice (10/sex/group) were excluded for this study. 
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Table 2A: Intercurrent Mortality Comparison for 
Male Rats 

 
Test Statistics P-value for 

Placebo Cont. 

Low, Med, 

High 

P-value for 

Placebo Cont. 

vs Low 

P-value for 

Placebo Cont. 

vs Med 

P-value for 

Placebo Cont. 

vs  High 

Dose-Response 
(Likelihood 
Ratio) 

0.0731 0.1228 0.1893 0.0449* 

Homogeneity 
(Log-Rank) 

0.1726 0.1196 0.1841 0.0427* 

                            * = statistically significant at the 0.05 significance level. 
 

 

 

Table 2B: Intercurrent Mortality Comparison for 
Female Rats 

 
Test Statistics P-value for 

Placebo Cont. 

Low, Med, 

high 

P-value for 

Placebo Cont. 

vs Low 

P-value for 

Placebo Cont. 

vs Med 

P-value for 

Placebo Cont. 

vs  High 

Dose-Response 
(Likelihood Ratio) 

0.6309 0.4153 0.8163 0.4441 

Homogeneity 
(Log-Rank) 

0.6134 0.4097 0.8139 0.4391 
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Figure 1A: Kaplan-Meier Survival Curves for 
Male Rats 
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Figure 1B: Kaplan-Meier Survival Curves for  
Female Rats 
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Table4A: Intercurrent Mortality Rate 

Male Mice 
   

 
0 mg|kg|day  

Air Control 

0 mg|kg|day 

Placebo Control 

0.347mg|kg|day 

Low 

0.705mg|kg|day 

Med 

1.46mg|kg|day 

High 

Week No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

0 - 52 1 1.67 . . 1 1.67 1 1.67 3 5.00 

53 - 78 3 6.67 3 5.00 2 5.00 6 11.67 4 11.67 

79 - 92 5 15.00 10 21.67 7 16.67 3 16.67 3 16.67 

93 - 106 5 23.33 8 35.00 7 28.33 5 25.00 6 26.67 

Ter. Sac. 46 76.67 39 65.00 43 71.67 45 75.00 44 73.33 

Total 60 100.00 60 100.00 60 100.00 60 100.00 60 100.00 
 
                
 
 

Table4B: Intercurrent Mortality Rate 
Female Mice 

 
 

0mg|kg|day    

Air Control 

0mg|kg|day 

Placebo Control 

0.335mg|kg|day 

Low 

0.700mg|kg|day 

Med 

1.42mg|kg|day 

High 

Week No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

No. of 

Death 

Cum. 

% 

0 - 52 2 3.33 3 5.00 4 6.67 2 3.33 4 6.67 

53 - 78 4 10.00 2 8.33 4 13.33 3 8.33 4 13.33 

79 - 92 5 18.33 5 16.67 4 20.00 3 13.33 4 20.00 

93 - 105 8 31.67 10 33.33 10 36.67 9 28.33 10 36.67 

Ter. Sac. 41 68.33 40 66.67 38 63.33 43 71.67 38 63.33 

Total 60 100.00 60 100.00 60 100.00 60 100.00 60 100.00 
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Table 5A: Intercurrent Mortality Comparison for 

Male Mice 

 
Test  Statistics P-value for 

Placebo Cont. 

Low, Med, high 

P-value for 

Placebo Cont. 

vs Low 

P-value for 

Placebo Cont. 

vs Med 

P-value for 

Placebo Cont.   

vs High 

Dose-Response 
(Likelihood 
Ratio) 

0.4340 0.4304 0.3083 0.3862 

Homogeneity  
(Log-Rank) 

0.7201 0.4282 0.3084 0.3856 

 
 

Table 5B: Intercurrent Mortality Comparison for 
Female Mice 

 
Test  Statistics P-value for 

Placebo Cont. 

Low, Med, high 

P-value for 

Placebo Cont. 

vs Low 

P-value for 

Placebo Cont. 

vs Med 

P-value for 

Placebo Cont. 

vs High 

Dose-Response 
(Likelihood 
Ratio) 

0.7990 0.6154 0.6104 0.6692 

Homogeneity  
(Log-Rank) 

0.7323 0.6129  0.6090 0.6672 
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Figure 2A: Kaplan-Meier Survival Curves for  
Male Mice 
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Figure 2B: Kaplan-Meier Survival Curves for  
Female Mice 
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