
CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

208294Orig1s000 
 
 

CROSS DISCIPLINE TEAM LEADER REVIEW 















Cross Discipline Team Leader Review
NDA 208294 glycopyrrolate/formoterol inhalation aerosol, Pearl Therapeutics
Anthony G. Durmowicz, M.D.

Page 7 of 18

 The thorough QT study was reviewed by the QT-IRT team and no significant QTc 
prolongation was observed at GP and FF doses in combination up to 115.2 mcg and 
38.4 mcg, respectively.

 There is no pharmacokinetic drug-drug interaction resulting from the concomitant 
administration of inhaled GP and inhaled FF based on steady-state exposure.
Therefore, the relevant findings and/or conclusions for the mono-therapies may be 
extrapolated to the combination.

 The dose ranging performed in the combination program included full characterization 
of the individual components  and was adequate for the Phase 3 
dose selection. Dose selection is further discussed in Section 7.

6. Clinical Microbiology 
This drug product is manufactured and packaged . Adequate microbial 
limit specifications are in place.

7. Clinical/Statistical- Efficacy
The key clinical studies relevant to regulatory decision making are shown Table 1. The design 
and conduct of these studies are briefly described below, followed by efficacy findings and 
conclusions.  Safety findings are discussed in the section 8.  

Table 1: Clinical Studies Relevant to Regulatory Decision Making
Trial 
(dates) Design Treatment (mcg) N Duration Primary 

Endpoint(s)
Sites 

(countries)
Dose Selection for FF
PT0050801

(11/08-5/09)

R, DB, PC, AC, 
XO

FF 2.4 bid
FF 4.8 bid
FF 9.6 bid
FA 12 bid (OL)
PBO bid

34 Single dose,
5-periods

Change from baseline 
in FEV1 AUC0-12

5 sites (AU, NZ)

Dose selection for GP
PT001003

(4/12-8/12)

R, DB, PC, AC, 
XO

GP 0.6 bid
GP 1.2 bid
GP 2.4 bid
GP 4.6 bid
GP 9 bid
GP 18 bid 
SHH 18 qd (OL)
PBO bid

140 14 days, 4-periods Change from baseline 
in FEV1 AUC0-12

10 sites (US)

Dose selection for GFF
PT003005

(5/12-9/12)

R, DB, AC, XO GFF 1.2/9.6 bid
GFF 2.4/9.6 bid
GFF 4.6/9.6 bid
GFF 9/9.6 bid
GFF18/9.6 bid
GP 18 bid
FF 9.6 bid
SHH 18 qd (OL)

159 7 days, 4-periods Change from baseline 
in FEV1 AUC0-12

20 sites (US)

Phase 3 Confirmatory Trials
PT003006

(6/13-2/15)

R, DB, PC, AC, 
PG

GFF 18/9.6 bid
GP 18 bid
FF 9.6 bid
SHH 18 qd (OL)
PBO bid

527
451
452
453
220

24 weeks Change from baseline 
trough FEV1 at 24 

weeks

160 sites (US, 
AU, NZ)

PT003007

(7/13-2/15)

R, DB, PC, PG GFF 18/9.6 bid
GP 18 bid
FF 9.6 bid

512
440
439

24 weeks Change from baseline 
trough FEV1 at 24 

weeks

140 sites (US)
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Trial 
(dates) Design Treatment (mcg) N Duration Primary 

Endpoint(s)
Sites 

(countries)
PBO bid 224

Supportive Trials (long-term safety)
PT003008

(11/13-12/14)

R, DB, AC, PG GFF 18/9.6 bid
GP 18 bid
FF 9.6 bid
SHH 18 qd (OL)

290
219
213
171

28 weeks Long term safety 205 sites (US, 
AU, NZ)

Abbreviations: AC=active control, AU=Australia, AV=Atrovent, bid=twice daily, COPD=chronic obstructive pulmonary disease, 
DB=double blind, FA=Foradil Aerolizer, FF=formoterol fumarate, GFF=glycopyrrolate and formoterol fumarate, GP=glycopyrrolate, 
NZ=New Zealand, OL=open label, PBO=placebo, PC=placebo controlled, PG=parallel group, qd=once daily, qid=four times daily, 
R=randomized, SHH=Spiriva HandiHaler, US=United States, 
N=ITT

Dose Selection
Formoterol Fumarate: Dose selection for formoterol fumarate was supported by Study 
PT0050801, a single-dose, randomized, double-blind, placebo-controlled, crossover trial 
evaluating 3 doses of formoterol fumarate (FF 9.6, 4.8 and 2.4 mcg), open-label Foradil 
Aerolizer 12 mcg as an active control, and placebo in 34 subjects with COPD. For the primary 
analysis, the mean change in FEV1(0-12 hr) AUC was statistically superior to placebo for each 
dose of FF and showed a clear dose-response relationship (Figure 1). Compared to Foradil, the 
FF 9.6 mcg dose demonstrated a similar FEV1 time profile curve. Notably, the PK of FF 9.6 
was lower than that for Foradil. Based on the results of this study, the 9.6 mcg dose of FF was 
selected to study in phase 3 trials.

Figure 1: Mean Change from Baseline in FEV1 over Time (Study PT0050801)

Source: Study PT005080 CSR, p. 45

Glycopyrrolate: Dose selection for glycopyrrolate was primarily supported by Study 
PT001003, a 14-day, randomized, double-blind, placebo-controlled, incomplete-block 
crossover trial evaluating 6 doses of glycopyrrolate (GP MDI 18, 9, 4.6, 2.4, 1.2, and 0.6 mcg) 
administered twice daily and open-label Spiriva Handihaler as an active control in 140 subjects 
with COPD. The primary endpoint was FEV1(0-12 hr) AUC. Dose ordering for effect was 
observed, with the glycopyrrolate 18 mcg demonstrating larger improvements in FEV1 over 
12 hours compared with glycopyrrolate 9, 4.6, 2.4, 1.2, and 0.6 mcg (Figure 2).
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Figure 2: Mean FEV1(0-12 hr) AUC (L): Difference from Placebo on Treatment Day 14 (Study PT001003)

Source: Study PT001003 CSR, p. 105

The difference from placebo in change from baseline in trough FEV1 after 14 days for the 18, 
9, 4.6, 2.4, 1.2, and 0.6 mcg doses were 97 mL (95% CI: 45, 149), 88 mL (95% CI: 37, 139), 
75 mL (95% CI: 24, 125), 84 mL (95% CI: 33, 135), 76 mL (95% CI: 22, 129), and 37 mL 
(95% CI: -17, 91), respectively. Previous dose ranging trials in subjects with COPD had 
demonstrated minimal additional benefit at doses above 18 mcg.

Study PT003005, a 7-day, randomized, double-blind, active-controlled, incomplete-block 
crossover trial provided additional support for GP dose selection. The study evaluated 5 doses 
of GP on a background of FF 9.6 mcg (GFF MDI 18/9.6, 9/9.6, 4.6/9.6, 2.4/9.6, and 1.2/9.6 
mcg), and the individual components, FF MDI 9.6 mcg and GP MDI 18 mcg, administered as 
two inhalations twice daily in 159 subjects with COPD. Open-label Spiriva HandiHaler (18 
mcg once daily) was included as an active control. The primary endpoint was FEV1(0-12 hr) 
AUC. The results demonstrated that COPD patients who received the GFF 18/9.6 mcg dose 
had larger improvements in FEV1 over 12 hours compared with the lower doses of 9/9.6, 
4.6/9.6, 2.4/9.6, and 1.2/9.6 mcg GFF as well as the GP and FF monocomponents. The 
difference in FEV1(0-12 hr) AUC for the GFF 18/9.6 mcg dose was 139 and 124 mL compared 
to the GP 18 μg and FF 9.6 monocomponent doses, respectively. GFF 9/9.6, 4.6/9.6, and 
2.4/9.6 mcg twice daily demonstrated increases of 95, 87, and 87 mL, respectively compared 
with GP 18 mcg and 79, 71, and 71 mL, respectively, compared to FF MDI 9.6 mcg. Figure 3 
shows mean change from baseline in FEV1 for the GP and FF monocomponents and GFF 
combinations in Study PT003005.
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Figure 3: Adjusted Mean Change from Baseline in FEV1 (L) (Study PT003005)

Source: Study PT003005 CSR, p. 100

Efficacy Study Design
Trials PT003006 and PT003007
Other than the inclusion of a Spiriva HandiHaler (SHH) as an active-control in trial PT003006 
(3006), trials 3006 and PT003007 (3007) were identical randomized, double-blind, placebo 
controlled, parallel group, 24-week trials in patients with moderate-to-severe COPD. The trials 
enrolled patients with a diagnosis of moderate to severe COPD, with the following pertinent 
entry criteria: a) 40-80 years of age; b) FEV1 < 80% predicted; and c) current or ex-smokers 
with a smoking history of > 10 years. Patients on background ICS, LABA, and/or 
antimuscarinic therapy were switched to Applicant-provided albuterol and/or ipratropium 
bromide PRN, and ICS bid (if receiving ICS for 4 weeks prior to enrollment). PDE-4 inhibitor 
use was also allowed if on a stable dose for at least 2 months. Pertinent exclusion criteria 
included a recent history of unstable ischemic heart disease or myocardial infarction within 
one year, NYHA Class III/IV CHF, percutaneous coronary intervention or bypass within 3 
months  unstable, significant cardiac arrhythmia, oxygen use > 12 hr/day, and use of oral 
steroids > 5 mg qd or 10 mg qod.

Patients were randomized to receive GFF 18/9.6 mcg of GP and FF, respectively, GP 18 mcg, 
FF 9.6 mcg, SHH 18 mcg (trial 3006 only), or placebo. The primary endpoint for the trials was 
change from baseline in trough FEV1 response at week 24. Secondary endpoints included 
peak FEV1, change in FEV1, change in daily rescue medication use, and time to onset. COPD 
exacerbations, generally defined as a change in the patient’s baseline dyspnea, cough, and/or 
sputum that lasted 3 or more days, was beyond normal day-to-day variations, was acute in 
onset and may have warranted a change in regular medications, was an exploratory endpoint. 
Specifically, moderate exacerbations were those that required treatment with systemic steroids 
and/or antibiotics and severe exacerbations were those that resulted in hospitalization or death.
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Figure 4: Change in Trough FEV1 from Baseline on Day 1 (A) and Week 12 (B), Trial 3006
A) B)

      
Source: Study PY003006 CSR, Figures 2.18.1B and 2.19.1B, p. 139 and 143, respectively

Figure 5: Change in Trough FEV1 from Baseline on Day 1 (A) and Week 12 (B), Trial 3007
A) B)

      
Source: Study PY003007 CSR, Figures 2.18.1B and 2.19.1B, p. 140 and 142, respectively

Peak FEV1 and Time to Onset: 
Peak FEV1 was defined as the maximum FEV1 recorded within 2 hours after the morning 
dose of trial medication. For each trial, the combination product, GFF, as well as each 
monocomponent, was superior to placebo in peak change in trough FEV1 (Table 3). GFF was 
also superior to each monocomponent.
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Table 3: Peak Change from Baseline in FEV1 within 2 Hours Post-dose at Week 24, Trials 3006 and 3007

Baseline (L)
Δ from 

Baseline 
(mL)

Difference from 
Placebo

Difference 
from GP

Difference from 
FFTreatment

Arm N

Mean (SD) LS Mean 
(SE)

LS Mean (95% 
CI)

LS Mean (95% 
CI)

LS Mean (95% 
CI)

Trial 3006

GFF 428 1.262 (0.5) 356 (11) 291
(252, 331)

133
(102, 164)

93
(63, 124)

FF 367 1.260 (0.5) 263 (12) 198
(158, 238)

40
(8, 72)

GP 343 1.257 (0.5) 223 (12) 158
(117, 199)

SHH 388 1.287 (0.5) 259 (11) 194
(154, 234)

36
(4, 68)

Placebo 160 1.330 (0.5) 65 (17)
Trial 3007

GFF 431 1.288 (0.5) 350 (11) 267
(226, 308)

126
(94, 159)

81
(49, 114)

FF 346 1.326 (0.5) 268 (12) 185
(143, 227)

45
(11, 79)

GP 365 1.283 (0.5) 223 (12) 140
(99, 182)

Placebo 165 1.254 (0.5) 83 (18)
Abbreviations: BL=Baseline, FF=formoterol fumarate 9.6 mcg BID, GFF=glycopyrrolate/formoterol fumarate 18mcg/9.6 mcg BID, 
GP=glycopyrrolate 18 mcg BID, LS=Least Squares, SHH=Spiriva Handihaler 18 mcg QD
Source: Study PT003006 and PT003007 CSRs ,Table 2.3.1, p. 751 and Table 2.3.1, p. 568, respectively

  
With regard to time of onset, the Applicant defined onset of action as the first time point (5 or 
15 minutes post-dose) where the difference from placebo for change in baseline for FEV1 was 
statistically significant. Compared to placebo, time to statistically significant effects was less 
than five minutes for the combination product GFF as well as each of its component 
monotherapies (Table 4). It is notable that when measured at later time points (week 2 and 
week 12), the contribution of GP to the GFF combination is greater than on Day 1 which 
supports the hypothesis that the peak effect of antimuscarinic agents takes several weeks to be 
seen (see the statistical review by Dr. Abugov for additional data regarding these findings).  
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Table 4: Time to Onset: Change from Baseline in FEV1 at 5 minutes Post-dose on Day 1: Trials 3006 and 
3007

Baseline (L) Δ from Baseline 
(mL)

Difference from 
Placebo

Difference 
from GP

Difference from 
FFTreatment

Arm N
Mean (SD) LS Mean (SE) LS Mean 

(95% CI)
LS Mean 
(95% CI)

LS Mean 
(95% CI)

Trial 3006

GFF 418 1.274 (0.5) 185 (5) 187
(168, 205)

143
(128, 158)

3
(-12, 18)

FF 366 1.284 (0.5) 182 (5) 184
(165, 203)

140
(125, 155)

GP 363 1.268 (0.5) 42 (6) 44
(25, 63)

SHH 364 1.289 (0.5) 48 (6) 50
(31, 69)

Placebo 172 1.280 (0.5) -2 (8)
Trial 3007

GFF 429 1.293 (0.5) 192 (6) 186
(164, 207)

140
(122, 157)

17
(0, 0.03)

FF 375 1.320 (0.5) 175 (6) 169
(147, 191)

123
(105, 140)

GP 371 1.289 (0.5) 52 (6) 46
(24, 68)

Placebo 179 1.260 (0.5) 6 (9)
Abbreviations: BL=Baseline, FF=formoterol fumarate 9.6 mcg BID, GFF=glycopyrrolate/formoterol fumarate 18mcg/9.6 mcg BID, 
GP=glycopyrrolate 18 mcg BID, LS=Least Squares, SHH=Spiriva Handihaler 18 mcg QD
Source: Study PT003006 and PT003007 CSRs, Table 2.6.1, p. 1058 and Table 2.6.1, p. 778, respectively

The St. George’s Respiratory Questionnaire (SGRQ):
For change in SGRQ, the GFF combination product was statistically superior to placebo in 
trial 3006 but not in trial 3007. However, the difference in SGRQ compared to placebo of -
2.52 and -1.72, for trials 3006 and 3007, respectively, did not reach the minimal clinically 
important difference (MCID) of -4. Responder rates for SGRQ were also assessed with 
responders defined as those patients who achieved the -4 change from baseline MCID for 
SGRQ. Compared to placebo, the GFF combination provided statistically significant 
improvements in SGRQ response rates in trial 3006 but not in 3007 (Table 5). Also, in trial 
3006, but not in 3007, patients treated with GFF had significantly greater response rates 
compared to patients treated with GP monocomponent.
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antimuscarinic agents have alleviated much of the previous concern over cardiovascular safety 
risks of inhaled antimuscarinics in patients with COPD. 

As trials 3006 and 3007 were placebo-controlled and the safety findings of the extension trial 
3008 were similar, this review of safety will focus on the pooled 24-week database for trials 
3006 and 3007. In the trial 3006/3007 pooled population 24-week pooled safety database, 
demographics of the treatment group populations was very similar. Overall, the majority of the 
subjects were White (91%) and male (56%), with a mean age of 63 years. Approximately 8% 
of subjects were African American which is relatively representative of the U.S. population. 
Fifty-four % of patients were current smokers; the mean number of pack-years smoked for the 
overall population was 26. Patients had mostly moderate and severe COPD with 53% meeting 
GOLD 2 and 42% meeting GOLD 3 criteria. Despite this severity, patients had relatively few 
exacerbations in the year prior to enrollment with a mean of 0.3 exacerbations/subject. Mean 
post-bronchodilator FEV1 was 1.52L with 50% meeting reversibility criteria of increase in 
FEV1 of ≥ 12% and ≥ 200 mL.

There were 12 deaths in the pooled phase 3 trials with 6 in the GFF treatment group; all 
reported once (small bowel obstruction, cardiac arrest, MI, gun-shot wound, neoplasm, and 
bladder cyst). It is notable that 2 patients in the SHH treatment group died of self-inflicted 
injuries. There were 2 additional deaths in the 3008 extension study (acute MI in one patient in 
the SHH group and cardiac arrest in one patient in the FF monocomponent group).
Overall, death was a relatively rare occurrence in the 24-week pooled safety database. Causes 
of death were those that can be seen in an older, COPD population with no particular cause of 
death predominant.

Serious adverse events (SAEs) were also relatively infrequent and balanced across treatment 
groups. In the 24-week pooled safety database, 32 subjects reported SAEs (7% GFF, 7% FF, 
8% GP, and 7% placebo). The most frequent SAE was “COPD” reported in 2-3% of patients 
in each treatment group. Another SAE that was relatively frequent was pneumonia reported in 
1-2% of patients in each treatment group.

In addition, adverse events (AEs) leading to premature discontinuation were again relatively 
uncommon and balanced. Slightly more patients who received placebo discontinued due to an 
AE (7.4%) compared to patients in active treatment groups (4.9-6.2%). As would be expected, 
AEs reported for the respiratory, thoracic, and mediastinal SOC resulted in the most 
discontinuations with COPD being the most common AE leading to discontinuation with 1-2% 
across active treatment and placebo groups. Analysis of SAEs and AEs leading to 
discontinuation do not raise concern for any new safety concerns.

Given the historical concern with the anticholinergic class of drugs, adverse events of interest 
included adjudicated major adverse cardiovascular events (MACE). 

Overall, adjudicated MACE and/or cardiovascular deaths in the GFF phase 3 pooled data 
occurred infrequently, were relatively balanced, and do not raise any concerns (GFF: 0.7%, 
FF: 0.3%, GP: 0.6%, SHH: 0.4, and placebo: 0.5%). 
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Adverse events typical of the antimuscarinic and LABA drug classes were reported 
infrequently as well. Tremor was the most common beta-adrenergic effect AE and was 
reported in 1% and 0.8% of patients treated with GFF or FF, respectively. Dry mouth was the 
most common antimuscarinic AE occurring in 1%, 0.7%, and 2% of patients treated with GFF, 
GP, and SHH, respectively.

The most common adverse events in the 24-week pooled safety database that occurred with an 
incidence of ≥ 1% in the GFF group and higher than placebo were arthralgia, chest pain, tooth 
abscess, muscle spasm, headache, oropharyngeal pain, vomiting, pain in extremity, dizziness, 
anxiety, dry mouth, fall, influenza, fatigue, acute sinusitis, and contusion. There were no 
clinically meaningful changes in laboratory parameters, vital signs, and or ECGs.

Safety Conclusions
In summary, the safety data for the GFF development program in COPD do not reveal any 
new anticholinergic- or LABA-related safety concerns. Adverse events were few and generally 
those observed were similar to other approved anticholinergic and LABA products. The safety 
data submitted support the use of GFF 18/9.6 mcg for the long-term, maintenance 
treatment of airflow obstruction in patients with chronic obstructive pulmonary disease.

9. Advisory Committee Meeting 
A pulmonary allergy drug advisory committee (PADAC) meeting was not required for this 
submission as the safety and efficacy of an anticholinergics, such as GP, and LABAs, such as 
FF, in the maintenance treatment of COPD are well understood.

10. Pediatrics
The indication for GFF 18/9.6 mcg (Bevespi Aerosphere) is for treatment of patients with 
COPD only. Since COPD is a disease that occurs only in adults, specific pediatric studies 
would not be required that relate to this action specific to COPD. PeRC had previously agreed 
that for such COPD applications a full waiver should be granted because the disease does not 
exist in pediatric patients.

11. Other Relevant Regulatory Issues 
 Financial Disclosure: The applicant submitted acceptable financial disclosure 

statements and has stated that no debarred individuals were used in the conduct of the 
trials included in this NDA. All trials were conducted in accordance with accepted 
ethical standards. For trials 3006, 3007, and 3008, there were a total of 16 
investigators (out of a total of 310) who reported disclosable financial investigators 
with significant payments of other sorts. Given that the trials were large randomized, 
double-blinded, controlled trials and each investigator was only responsible for 
enrolling a relatively small number of patients, it was determined that this financial 
disclosure information did not significantly affect the conduct of the trials.

 DSI audits conducted for three investigators selected on the basis of high enrollment 
and/or relatively large treatment effect or due to complaints and allegations regarding 
study conduct. In addition, the Applicant, Pearl Therapeutics, was inspected as a result 
of complaints regarding inadequate oversight of the studies. Based on the inspection of 
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three clinical sites and the Applicant, Pearl, by the Office of Scientific Investigation, 
the data reported to the Applicant by the clinical sites and subsequently by the 
Applicant to the NDA appear to be reliable and judged able to be used to support the 
requested indication. The Applicant’s oversight of the studies also appeared to be 
adequate. The anonymous complaints and allegations regarding lack of oversight by 
the Applicant and other study site were not substantiated during the inspections.

12. Labeling 
 Physician Labeling: The label was reviewed by various disciplines within DPARP, the 

Office of Medical Policy Programs (OMPP), DRISK, DMEPA, and by OPDP. Various 
changes to different sections of the label were made to reflect the data accurately and 
better communicate the findings to healthcare providers. The labeling language in the 
Warnings and Precautions and Clinical Trials sections were edited to include the 
information relevant for an antimuscarinic/beta-agonist combination for COPD. 
Labeling is being finalized at the time of this review.

13. Recommendations/Risk Benefit Assessment 
 Recommended Regulatory Action 

The recommended regulatory action for this NDA is for approval of GFF 18/9.6 mcg 
inhalation aerosol (Bevespi Aerosphere) for the for the long-term, twice-daily maintenance 
treatment of airflow obstruction in patients with chronic obstructive pulmonary disease 
(COPD).

 Risk Benefit Assessment

The overall risk-benefit assessment supports the use of GFF 18/9.6 mcg inhalation aerosol 
(Bevespi Aerosphere) in patients with COPD who require more than one bronchodilator.

1. Recommendation for Post-marketing Risk Management Activities

No additional post-marketing risk management activities are recommended beyond standard 
pharmacovigilance methods.

2. Recommendation for other Post-marketing Study Commitments

None

3. Recommended Comments to Applicant

No additional comments are recommended to be conveyed.
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