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1. Introduction
Boehringer Ingelheim (BI) initially submitted a 505(b)(1) new drug application for use of
Striverdi Respimat (olodaterol inhalation spray “for the long-term once-daily maintenance
bronchodilator treatment of airflow obstruction in patients with COPD” on May 14, 2012. 
Upon review, from a clinical standpoint, Striverdi Respimat at a dose of 5 mcg (2 actuations) 
once daily demonstrated substantial efficacy and an acceptable safety profile as a long-acting 
bronchodilator for treatment of patients with COPD. Efficacy and safety were also felt to be 
demonstrated by the Pulmonary Allergy Advisory Committee (PADAC), who voted 15 yes, 1 
no, and 1 abstention when asked whether to approve for marketing. However, manufacturing 
and testing facilities associated with the drug substance and drug product did not have an 
acceptable GMP recommendation from the Office of Compliance, which precluded approval 
and a Complete Response action was taken on March 14, 2013. As the clinical determination 
of the efficacy and safety of Striverdi Respimat has already been made, this review will briefly
summarize the salient points of the Striverdi Respimat program. For a more detailed 
discussion of the program, please see the previous Division Director review by Dr. Badrul 
Chowdhury, CDTL review by Dr. Theresa Michelle, and the primary clinical review by Dr. 
Robert Lim.

2. Background
Olodaterol is a new molecular entity that belongs to the class called beta-2 adrenergic agonists. 
Due to its longer duration of action, olodaterol belongs to the subclass called long-acting beta-
2 adrenergic agonists (LABAs). Inhaled LABAs are widely used in the United States and 
worldwide to treat bronchospasm in patients with asthma and COPD. LABAs currently 
marketed in the United States include salmeterol, formoterol, arformoterol, indacaterol, and 
vilanterol. Some of these are marketed as single ingredient products and others as combination 
products with inhaled corticosteroids. Inhaled beta-2 adrenergic agonists, particularly inhaled 
LABAs, have a safety concern of severe asthma exacerbations and asthma-related deaths in 
patients who use these drugs to treat the symptoms of asthma. This has been discussed at 
various FDA Advisory Committee meetings and has led to publications expressing concerns 
on safety. Unlike patients with asthma, patients with COPD do not appear to carry a similar 
signal of worsening disease; however, the selection of an appropriate and safe dose is an 
important consideration for development of all LABAs, including olodaterol, which is 
proposed to be marketed for COPD. For a more in depth discussion of the safety issues 
surrounding LABA-containing products, refer to the CDTL and Division summary reviews 
from the original NDA submission.

The Agency and BI had milestone meetings typical of development of a new molecular entity 
and NDA submission. In the End of Phase 2 meeting, the Agency agreed with BI that the 5 
and 10 mcg doses were reasonable to carry forward into Phase 3 COPD phases. In a 
subsequent meeting, the Agency recommended evaluating dose and dose regimen in patients 
with asthma.
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with other beta-adrenergic agonists. As such, the relevance of these findings to humans is 
unknown.

5. Clinical Pharmacology/Biopharmaceutics 
The program clinical pharmacology program addressed the key pharmacokinetic issues, 
including in vitro studies to assess protein binding and metabolism, pharmacokinetics after 
single and multiple doses, in vitro and in vivo metabolism, effect of hepatic and renal 
impairment, QTc prolongation effect, and drug-drug interaction. Inhaled olodaterol has 
approximately 30% bioavailability resulting from pulmonary absorption; as oral bioavailability 
is very low (<1%). Elimination is through both the biliary and renal routes; in a mass balance 
study, 53% of drug-related radioactivity was recovered in the feces and 38% was excreted in 
the urine. Pharmacokinetics were linear, and steady state was reached after 8 days. Olodaterol 
is a substrate for the efflux pump P-gp. It is substantially metabolized by direct 
glucuronidation and by O-demethylation at the methoxy moiety mainly by CYP2C9 followed 
by conjugation. A renal impairment study showed that olodaterol levels were increased by 
approximately 40% in subjects with severe renal impairment. Olodaterol exposure was 
comparable between normal and mild to moderate hepatic impairment patients. Population 
pharmacokinetic studies showed approximately 2-fold higher systemic exposure in Japanese 
patients compared to Caucasians. Dose-dependent QTcF prolongation was observed in the 
QTc prolongation study. The maximum mean (95% upper confidence bound) difference in 
QTcF from placebo after baseline correction was 3.4 (7.1) ms, 5.9 (9.6) ms, 7.4 (10.9) ms and 
8.5 (12.4) ms following doses of 10, 20, 30 and 50 mcg, respectively. The QT IRT team 
determined that the study did not demonstrate a significant effect of olodaterol on the
QTcF. There are no outstanding clinical pharmacology issues and the recommendation from 
the clinical pharmacology team is Approval.

6. Clinical Microbiology 
Not applicable

7. Clinical/Statistical- Efficacy

Dose Selection
As the safety concerns of LABAS are felt to be dose-related, dose selection is a critical 
element of LABA programs. Even though this is a COPD program, because patients with 
asthma have greater airway response to bronchodilators, for this program, dose ranging studies 
were conducted in both asthma and COPD patients. Study 1222.5, a parallel arm, multiple-
dose ranging study in 405 patients with COPD in which patients were randomized to receive 
one of four doses of olodaterol (2, 5, 10, or 20 mcg) once daily for 4 weeks, was a principle 
dose ranging study. Patients were required to have an FEV1 ≥30% and <80% predicted. As 
can be seen in Table 1 taken from Dr. Michelle’s previous CDTL review, the results 
demonstrated a clear dose ordering from 2 to 20mcg, with a decrease in incremental benefit 
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with increasing dose. Based on the findings of this and other studies, two olodaterol doses 
were selected for evaluation in the phase 3 program, 5 mcg and 10 mcg.

Table 1: COPD dose-ranging (Study 1222.5). Primary Endpoint. Trough FEV1 response at 4 weeks.

Phase 3 Clinical Program

Bronchodilation
Bronchodilation was assessed in 4, 48-week, Phase 3 clinical trials of almost identical design. 
These were parallel group studies conducted in patients with COPD with FEV1 of <80% 
predicted, FEV1/FVC ratio of <70% predicted, and with at least a 10 pack year smoking 
history. Specifically, patients with asthma were excluded. These studies allowed standard of 
care background therapy with short-acting beta-agonists, inhaled corticosteroids, oral 
corticosteroids, anticholinergics, and methylxanthines in all treatment groups. Safety 
assessments included adverse event recording, vital signs, physical examination, clinical 
laboratory and hematology measures, ECGs, and Holter monitoring in a subset of patients.

The results for the primary efficacy variables for the 48-week COPD studies are shown in 
Table 2. For ease of comparison, data from week 12 are shown for all studies, although the 
primary efficacy endpoints for studies 1222.13 and 1222.14 were at week 24. The results show 
that olodaterol 5 mcg once daily and 10 mcg once daily doses were statistically significantly 
superior to placebo for the primary endpoints with the exception of study 1222.12 in which the 
5 mcg olodaterol group was not significant for troughFEV1. Results at weeks 24 and 48 were 
generally comparable to results at week 12.

Table 2. 48-week COPD studies; ΔFEV1 trough and ΔFEV1 AUC0-3 hr at week 12 (co-primary efficacy 
end points)
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Exercise Endurance
BI proposed to include exercise endurance claims in the proposed label based on results of 
improvement in exercise endurance time, and reduced lung hyperinflation (decreased in 
functional residual capacity or FRC) resulting in increased inspiratory capacity (IC) from two 
6-week studies (Table 3). Results of the two studies submitted during the first review cycle 
showed statistically significant differences between olodaterol and placebo for these measures 
(Table 3). However, the increases in exercise time were relatively small, 40-50 seconds (12-
14%) above the average baseline (354 seconds to 370 seconds). Presently, there is not a 
recognized minimal clinically important difference (MCID) for exercise testing. There also has 
not been any correlation demonstrated defining the magnitude of increase in exercise tolerance 
that corresponds to improvement in activities of daily living. In addition, exercise testing was 
performed approximately 2 hours post-dose, which corresponds to the time at which the 
bronchodilator effect of olodaterol has reached its peak. As such, it is not known if the benefit 
with olodaterol would persist later in the dosing period. For these reasons, it was determined 
the data submitted were inadequate to support a novel claim for patients with COPD.

Table 3. Exercise endurance studies (time in seconds and inspiratory capacity in liters at week 6)

8. Safety
A major safety concern with LABAs is linked to selection of an appropriate dose, because 
beta-2 adrenergic bronchodilators, particularly at high doses, have the safety concerns of 
severe asthma exacerbations and asthma-related deaths. Although such a risk of worsening 
disease has not been shown in COPD, marketing an unnecessary and unreasonably high dose 
has safety concerns for COPD patients as well. BI conduced adequate dose ranging and dose 
regimen studies and selected 5 mcg and 10 mcg once daily doses for the pivotal confirmatory 
studies. Of the two doses, BI is proposed to market the lower 5 mcg dose because there was no 

Reference ID: 3596074



Cross Discipline Team Leader Review
NDA 203108 olodaterol inhalation spray resubmission
Anthony G. Durmowicz, M.D.

Page 7 of 9 7

separation between the two doses. From a safety perspective, the Division agreed with that 
strategy. 

Database
The size of the safety database for olodaterol was reasonable. A total of 3353 patients with 
COPD and a total of 731 patients with asthma were exposed to olodaterol in various studies. 
Of the COPD patients, 3142 were exposed to olodaterol 5 mcg or 10 mcg in parallel group or 
cross-over studies. Forty eight week parallel group studies included a total of 3104 patients, of 
whom 1759 patients were exposed to olodaterol 5 mcg or 10 mcg.

Safety Summary
A total of 53 on-treatment deaths were reported in the 48-week studies. These were balanced 
among the treatment groups. Common causes of deaths included COPD exacerbation, 
respiratory failure, and pneumonia, which are expected causes of death in older COPD 
patients. A total of 499 patients with SAEs (fatal and non-fatal) were reported in the 48-week 
studies. There were also balanced among the treatment causes, and the events were typical and 
expected in COPD patients.

There was a small imbalance in the olodaterol 10 mcg group compared to placebo for 
neoplasms, primarily lung-related malignancies. Overall, there were 9 (1.0%), 14 (1.6%),
19 (2.2%), and 8 (1.7%) neoplasms in the placebo, olodaterol 5 mcg, olodaterol 10 mcg, and 
formoterol comparator groups, respectively. There were 4 cases of small cell lung carcinoma, 
all in the olodaterol 10 mcg group. However, approximately half of the total malignant lung 
neoplasms, including 2 of the small cell lung carcinomas, were diagnosed within 5 months of 
beginning of randomized treatment. Given the small number of neoplasms, short lead-time to 
the diagnosis of neoplasms, and lack of similar findings in animal carcinogenicity studies, the 
Division did not feel this was likely a real safety signal.

Cardiovascular adverse events are a specific safety event of interest for beta-adrenergic agonist 
drugs because of their known pharmacologic effects. An adjudicated analysis of MACE did 
not reveal any concerns. Fatal MACE events occurred in 8 (0.9%), 3 (0.3%), 3 (0.3%), and 6 
(1.3%) of patients in the placebo, olodaterol 5 mcg, olodaterol 10 mcg, and formoterol groups, 
respectively. Consistent with other safety findings, nonfatal MACE events were generally 
balanced. Analysis of common adverse events, ECGs, and laboratory parameters and common 
adverse events also did not show any specific findings of concern.

The submitted safety data support safety of olodaterol for use as a maintenance bronchodilator
treatment of airflow obstruction in patients with COPD at a dose of 5 mcg once daily.

9. Advisory Committee Meeting 
A meeting of the Pulmonary-Allergy Drugs Advisory Committee (PADAC) was held on
January 29, 2013. The committee voted 15-yes, 1-no, and 1 abstain that there was substantial
evidence of efficacy, and also voted 15-yes, 1-no, and 1 abstain that the safety of olodaterol
was acceptable. The committee voted 15-yes, 1-no, and 1 abstain that olodaterol should be
approved for marketing. Regarding a non-voting question requesting the discussion of the 
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evidence to support an exercise endurance claim, most panel members noted that more 
information was needed to understand optimal exercise trial design for COPD and clinically 
important exercise improvement and endpoints.

10. Pediatrics
BI is requesting a claim for olodaterol for COPD only and is not requesting a claim for asthma. 
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 previous agreed that for such 
COPD applications a full waiver should be granted because studies the disease does not exist 
in pediatric patients.

11. Other Relevant Regulatory Issues 

 Financial Disclosure: The applicant submitted acceptable financial disclosure 
statements. One investigator had significant financial interest in BI. The number of 
subjects enrolled in the investigator site was not large enough to alter the outcome of 
any study.

 DSI audits information: DSI audited three clinic sites that enrolled patients in the 
pivotal 48-week studies and the BI site. The clinical review team recommended the 
clinic sites because these sites enrolled larger number of patients compared to other 
sites. No irregularities were identified that would impact data integrity. All studies 
were conducted in accordance with accepted ethical standards.

12. Labeling

 Proprietary Name: BI initially submitted  as the original proposed 
proprietary name. The DMEPA rejected this proposed name because t  

BI subsequently 
submitted Striverdi Respimat as the proposed proprietary name, which was accepted by 
the DMEPA.

 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 
Clinical Trials section related to exercise endurance was not allowed due to lack of 
efficacy demonstrated for this label claim (see section 7 above). Asthma-related class 
safety warnings are described in the label, including in a Boxed Warning, which are 
present in all LABAs. The Division and BI have agreed on the final label language.

 Carton and Immediate Container Label: These were reviewed by various disciplines of 
this Division and DMEPA, and found to be acceptable.
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 Patient Labeling and Medication Guide: Olodaterol will carry an asthma-related safety 
warning that will be part of the Medication Guide.

13. Recommendations/Risk Benefit Assessment
 Recommended Regulatory Action 

The recommended regulatory action for this NDA is for approval of Striverdi Respimat 
(olodaterol inhalation spray) for long-term once-daily maintenance bronchodilator treatment of 
airflow obstruction in patients with chronic obstructive pulmonary disease, including chronic 
bronchitis and emphysema, at a dose of 5 mcg once daily. Manufacturing and testing facilities 
deficiencies that precluded approval during the first review cycle have been corrected and now 
have an acceptable GMP recommendation from the Office of Compliance.

 Risk Benefit Assessment

The overall risk-benefit assessment supports approval of olodaterol inhalation spray at a dose 
of 5 mcg once daily for long-term once daily maintenance bronchodilator treatment of airflow 
obstruction in patients with COPD, including bronchitis and emphysema. The submitted safety 
data do not show any unique safety findings with olodaterol compared to other inhaled LABA 
products approved for treatment of patients with COPD. From an efficacy standpoint, the 
clinical program showed that olodaterol at 5 mcg once-daily dose provided statistically 
significant replicate bronchodilator effect with effect.

1. Recommendation for Post-marketing Risk Management Activities

Olodaterol will carry an asthma-related safety warning that will be part of the Medication 
Guide. 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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majority of the trials permitted usual care background therapy including long-acting anti-
muscarinic agents (tiotropium), but excluded the use of LABAs.  

The PDUFA due date for this application is March 14, 2013. This memorandum provides 
an overview of the NDA submission, including a discussion of the Advisory Committee 
meeting. Because the AC occurred late in the review cycle—just two days prior to the date 
of this review—the results of the meeting have not yet been fully vetted within the 
Division. As such, conclusions are preliminary and potentially subject to change based on 
further discussion. 

2 BACKGROUND 

2.1 Related drugs: issues with long-acting beta agonists (LABA) 
There are several drug classes available for the relief of airflow obstruction in patients with 
COPD. These include beta-adrenergic agonists, anticholinergic agents, combination 
products containing beta-adrenergic agonists and anticholinergic agents, combination of 
long-acting beta-adrenergic agonists and corticosteroids, and methylxanthines.   

Olodaterol is a new molecular entity that belongs to the class called beta-adrenergic 
agonists. Due to its longer duration of action, olodaterol belongs to the subclass called long-
acting beta-adrenergic agonists (LABA). Inhaled LABAs are widely used in the United 
States and worldwide to treat bronchospasm in patients with asthma and COPD. LABAs 
currently marketed in the United States include salmeterol, formoterol, arformoterol, and 
indacaterol. These are marketed either as single ingredient products or as combination 
products with inhaled corticosteroids. All are dosed either once daily or twice daily, and all 
are marketed at one dose level.  

Inhaled beta-adrenergic agonists, particularly inhaled LABAs, have a safety concern of 
severe asthma exacerbations and asthma related deaths in patients who use these drugs to 
treat the symptoms of asthma. Severe asthma exacerbations and asthma related deaths have 
been described with short-acting inhaled beta-adrenergic agonists over the last 50 years.1, 2, 
3, 4 More recently, inhaled LABAs have also been linked to severe asthma exacerbations 
and asthma-related deaths.5 This has been discussed at various FDA Advisory Committee 
meetings,6 has led to publications expressing concerns on safety,7, 8, 9 and a safe use 

                                                 
1 Benson RL, Perlman F. Clinical effects of epinephrine by inhalation. J Allergy 1948; 19:129-140. 
2 Lowell FC, Curry JJ, Schiller IW. A clinical and experimental study of isoproteronol in spontaneous and 
induced asthma. N Eng J Med 1949; 240:45-51. 
3 Grainger J, Woodman K, Pearce N, Crane J, Burgess C, Keane A, et al. Prescribed fenoterol and death from 
asthma in New Zealand, 1981-1987: a further case-control study. Thorax 1991; 46:105-111. 
4 Spitzer WD, Suissa S, Ernst P, Horwitz RI, Habbick BH, et al. The use of beta-agonist and the risk of death 
and near death from asthma. N Eng J Med 1992; 326:501-506. 
5 US Professional drug label for Serevent (salmeterol xinafoate), Foradil (formoterol fumarate), Advair 
(fluticasone propionate and salmeterol), Symbicort (budesonide and formoterol fumarate), and Dulera 
(mometasone furoate and formoterol fumarate). Rockville, MD: U.S. National Library of Medicine 
(http://dailymed nlm nih.gov/dailymed/about.cfm).  
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strategy outlined by the FDA.10 The mechanisms by which inhaled beta-adrenergic agonists 
cause severe asthma exacerbations and asthma related deaths are not known. Controlled 
studies and epidemiological studies suggest that higher doses of inhaled beta-adrenergic 
agonists are a contributing factor. In the United States, a higher dose of inhaled formoterol 
was not approved because the higher dose caused more severe asthma exacerbations 
compared to the approved lower dose.11 Unlike use of LABAs in patients with asthma, use 
of LABAs in patients with COPD does not appear to carry a similar signal of worsening 
disease. Nevertheless, the selection of an appropriate and safe dose is an important 
consideration for development of all LABAs, including olodaterol, which is proposed to be 
marketed for COPD. The dose and dosing frequency are the same for asthma as for COPD 
for all marketed LABAs approved for both indications in the United States.   

The indication claims of short-acting beta-adrenergic agonists, such as albuterol (Proventil 
HFA Inhalation Aerosol, Ventolin HFA Inhalation Aerosol, ProAir HFA Inhalation 
Aerosol, Proventil Inhalation Solution) are for general bronchodilation (“treatment or 
prevention of bronchospasm with reversible obstructive airway disease”). The albuterol 
product labels do not mention a specific disease, such as asthma or COPD, in the indication 
section. Clinical studies supporting approval of these products were conducted in patients 
with asthma. Nevertheless, albuterol is used in patients with asthma and COPD. The 
indication for LABAs, such as salmeterol (Serevent Diskus) and formoterol (Foradil 
Aerolizer) are also for general bronchodilation, but the product labels mention asthma and 
COPD as specific diseases in the indication section. Clinical trials supporting the dose and 
dosing frequency for these two LABAs were conducted in patients with asthma, and the 
same dose was carried forward to studies in COPD. The regulatory precedence of 
performing dose ranging and dose regimen studies for bronchodilators in asthma patients 
has been established in order to demonstrate large separation between doses because the 
range of response is greatest in a bronchoresponsive population, such as patients with 
asthma. A COPD population with some degree of fixed obstruction has a smaller response 
range to a bronchodilator. 

2.2. Regulatory history 
The regulatory history of olodaterol is fairly straightforward, with milestone meetings 
typical of a first-cycle NDA submission. In the End of Phase 2 meeting, the Agency agreed 
that the 5 and 10 mcg doses were reasonable to carry forward into Phase 3, although 
                                                                                                                                                     
6 Pulmonary-Allergy Drugs Advisory Committee Meeting, July 13, 2005; Pulmonary-Allergy Drugs, Drug 
Safety and Risk Management, and the Pediatric Advisory Committee Meeting, December 10-11, 2008; and 
Pulmonary-Allergy Drugs Advisory Committee Meeting, December 12, 2011. 
7 Martinez FD. Safety of long-acting beta-agonists—an urgent need to clear the air. New Eng J Med 2005; 
353:2637-2639. 
8 Kramer JM. Balancing the benefits and risks of inhaled long-acting beta-agonists—the influence of values. 
New Eng J Med 2009; 360:1952-1955. 
9 Drazen JM, O’Byrne PM. Risks of long-acting beta-agonists in achieving asthma control. New Eng J Med 
2009; 360:1671-1672. 
10 Chowdhury BA, DalPan G. The FDA and safe use of long-acting beta-agonists in the treatment of asthma.  
New Eng J Med 2010; 362:1169-1171. 
11 Mann M, Chowdhury B, Sullivan E, Nicklas R, Anthracite R, Meyer RJ. Serious asthma exacerbation in 
asthmatics treated with high-dose formoterol. Chest 2003; 124:70-74. 
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As of the date of this review, the recommendation from the Chemistry reviewer, Dr. Craig 
Bertha, is approvable pending a satisfactory recommendation from the microbiology team 
and adequate facilities inspection from the Office of Compliance.  

4 NONCLINICAL PHARMACOLOGY AND TOXICOLOGY 

BI submitted results from a full preclinical program to the Agency. The program included 
studies in which animals were dosed with the drug via inhalation to evaluate local and 
systemic toxicities. Pivotal inhalation toxicity studies were conducted in rats for up to 26 
weeks and in dogs for up to 52 weeks. The following target organs of toxicity were 
identified in rats (with organ-specific findings in parentheses): skeletal muscle (hypertrophy 
and single cell necrosis); heart (increased heart rate, congestion, and ventricular scar 
formation); trachea (squamous cell metaplasia); pancreas (lobular hypertrophy); and female 
reproductive tract (increased incidence of ovarian cysts). The following target organs of 
toxicity were identified in dogs (with organ-specific findings in parentheses): 
cardiovascular system (increased heart rates, ventricular premature beats, and fibrosis of the 
left ventricle of the heart); kidney (mononuclear infiltration); liver (glycogen deposition 
and hemorrhage); and trachea (epithelial atrophy, infiltration, and mineralization). In 
general, findings in rats and dogs are known class effects of beta-agonist drugs. There were 
adequate margins of safety for the expected human exposure for findings of concern. 
Studies addressing genotoxicity, reproductive toxicity, and carcinogenicity were also 
performed. Olodaterol was negative for genotoxicity in a complete battery of genetic 
toxicology assays. A reproductive toxicity study in rats did not reveal adverse effects on 
male and female fertility or reproductive performance. Embryo-fetal development studies 
in rats and rabbits showed teratogenic effects at the high dose only in rabbit. The pregnancy 
category was determined to be C, which is the same category for many other beta-2 
adrenergic agonists. Carcinogenicity was assessed in a 2 year study in CD-1 mice, and in a 
2-year study in Wistar Han rats. These studies showed increased incidences of uterine 
leiomyomas and malignant leiomyosarcomas in mice and ovarian leiomyomas in rats. 
These tumors have been observed with other beta-adrenergic agonists. The relevance of 
these findings to humans is unknown.   

The recommendation from the Pharmacology/Toxicology reviewer, Dr. Carol Rivera-
Lopez, is approval. There are no outstanding toxicology issues or comments to the sponsor. 
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5 CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS 

BI submitted results from a comprehensive clinical pharmacology program to the Agency. 
The program addressed the key pharmacokinetic issues, including in vitro studies to assess 
protein binding and metabolism, pharmacokinetics after single and multiple doses, in vitro 
and in vivo metabolism, effect of hepatic and renal impairment, QTc prolongation effect, 
and drug-drug interaction. Clinical pharmacology studies included inhalation, oral, and IV 
administration to fully characterize the pharmacokinetics of olodaterol. Inhaled olodaterol 
has approximately 30% bioavailability resulting from pulmonary absorption; oral 
bioavailability is very low (<1%). Elimination is through both the biliary and renal routes; 
in a mass balance study, 53% of drug-related radioactivity was recovered in the feces and 
38% was excreted in the urine. Following inhalation of a single dose of olodaterol, Cmax 
values were generally reached within 10 to 20 minutes post-dose, with an elimination half-
life of approximately 45 hours. Pharmacokinetics are linear, and steady state was reached 
after 8 days. Olodaterol is a substrate for the efflux pump P-gp. It is substantially 
metabolized by direct glucuronidation and by O-demethylation at the methoxy moiety 
mainly by CYP2C9 followed by conjugation. A renal impairment study showed that 
olodaterol levels were increased by approximately 40% in subjects with severe renal 
impairment. Olodaterol exposure was comparable between normal and mild to moderate 
hepatic impairment patients. Population pharmacokinetic studies showed approximately 2-
fold higher systemic exposure in Japanese patients compared to Caucasians. Dose-
dependent QTcF prolongation was observed in the QTc prolongation study. The maximum 
mean (95% upper confidence bound) difference in QTcF from placebo after baseline 
correction was 3.4 (7.1) ms, 5.9 (9.6) ms, 7.4 (10.9) ms and 8.5 (12.4) ms following doses 
of 10, 20, 30 and 50 mcg, respectively. 

The recommendation from the Clinical Pharmacology and Biopharmaceutics review team 
is approval. There are no outstanding clinical pharmacology issues or comments to the 
sponsor. 

6 CLINICAL MICROBIOLOGY 

As of the date of this review, the recommendation from the microbiology reviewer is 
pending the sponsor’s response to an information request. In order to recommend approval, 
additional information is needed regarding the  for the container-
closure system.  

7 CLINICAL AND STATISTICAL—EFFICACY 

7.1 Overview of the clinical program 
Some characteristics of the relevant clinical trials are shown in Table 1. The design and 
conduct of these trials are briefly described below, followed by efficacy and safety 
findings. The trials are shown in Table 1 in three groupings – dose ranging/regimen COPD 
and asthma trials, 48-week COPD trials, and 6-week COPD trials. 
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olodaterol. Secondary endpoints included FEV1 AUC(0-3 hr), FEV1 AUC(0-12 hr), FEV1 
AUC(0-24 hr), and FEV1 AUC(12-24 hr).  

Trial 1222.5 was a randomized, double-blind placebo controlled, parallel group, multiple-
dose, dose-ranging trial in 405 patients with COPD. Patients were required to have an 
FEV1 ≥30% and <80% predicted. Patients were randomized to receive one of four doses of 
olodaterol (2, 5, 10, or 20 mcg) once daily for 4 weeks. Patients performed PFTs at baseline 
and after 1, 2, and 4 weeks of treatment. The primary endpoint was trough FEV1 after 4 
weeks of treatment. Secondary endpoints included trough FEV1 after 1 and 2 weeks of 
treatment, FEV1 AUC(0-3 hr) after the first dose, after 1, 2 and 4 weeks, and FEV1 
AUC(0-6 hr) after 4 weeks.  

Trial 1222.26 was double-blind, randomized, 4-way crossover, dose regimen trial in 47 
patients with moderate to severe stable COPD. The objective of this trial was to determine 
optimum dosing interval (qD versus BID). Each treatment period lasted 3 weeks with no 
washout period between. The doses of olodaterol were 2 mcg BID, 5 mcg BID, 5 mcg qD, 
and 10 mcg qD. PFTs were performed at baseline (prior to any test article) and at the end of 
each 3 week treatment period. There was no placebo group as patients were compared to 
their own baseline. The co-primary endpoints were change from baseline in FEV1 AUC(0-
12 hr) and FEV1 AUC(12-24 hr). Secondary endpoints included change from baseline in 
FEV1 AUC(0-24 hr) and trough FEV1 after 3 weeks of treatment. 

Trials in asthma (1222.4, 1222.6, 1222.27, and 1222.29) 

Trial 1222.4 was a randomized, double-blind, placebo controlled, 5-way cross-over, single 
dose, dose-ranging trial in 31 patients with intermittent asthma. Patients were randomized 
to receive a sequence of single doses of placebo, and olodaterol 2 mcg, 5 mcg, 10 mcg and 
20 mcg. Each treatment was separated by 14-21 days. Following administration of trial 
medication patients received a series of methacholine challenges. The primary endpoint 
was the provocative concentration of methacholine required to cause a 20% fall in FEV1 
from baseline [Log2(PC20 FEV1)] at 24 hours following treatment. Of note, this is not a 
standard endpoint for dose-ranging trials; therefore, results should be interpreted with 
caution. Secondary endpoints included Log2(PC20 FEV1) at 0.5, 4, 8, and 32 hours post-
treatment.  

Trial 1222.6 was a 4-week multi-center, randomized, double-blind, placebo controlled, 
parallel group, multiple dose, dose-ranging trial in 296 patients with asthma (FEV1≥60% 
and <90% predicted). Patients were randomized to receive either placebo or olodaterol at 
doses of 2, 5, 10, or 20 mcg once daily. During the double-blind phase, patients had weekly 
study visits. The primary endpoint was trough FEV1 after 4 weeks of treatment. The key 
secondary endpoint was peak expiratory flow rate after 4 weeks of treatment.  

Trial 1222.27 was a 16 week, multi-center, randomized, double-blind, placebo and active 
controlled, double dummy, 4-period incomplete block, multiple dose, dose-ranging trial in 
198 patients with asthma who were on ICS and were still symptomatic. Patients were 
randomized to receive a sequence of 4 out of a possible 6 treatments (olodaterol 2, 5, 10, 20 
mcg qD, placebo, and formoterol 12 mcg BID). Each treatment period was 4 weeks. There 
was no washout between treatment periods. PFTs were conducted at baseline (prior to any 
treatment) and at the end of each 4 week treatment period. The primary endpoint was FEV1 
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AUC(0-24 hr) after each 4 week treatment period. Secondary endpoints included trough 
FEV1, FEV1 AUC(0-12 hr), and FEV1 AUC(12-24 hr). 

Trial 1222.29 was a 17 week, multi-center, randomized, double-blind, placebo controlled, 
dose-regimen trial including two parallel 3-way crossovers in 180 patients with moderate to 
severe persistent asthma. Following the screening period, patients were randomized to 
receive a treatment sequence consisting of 3 week treatment periods with olodaterol 2.5 
mcg BID, 5 mcg qD, and placebo; or olodaterol 5 mcg BID, 10 mcg qD, and placebo. 
There were a total of 12 possible treatment sequences. Between each 3 week treatment 
period, there was a 2 week washout period. The primary endpoint was FEV1 AUC(0-24 hr) 
after 3 weeks of treatment. The key secondary endpoints were FEV1 AUC(0-12 hr) and 
FEV1 AUC(12-24 hr) after 3 weeks of treatment.  

48-week trials 
Trials 1222.11 and 1222.12 were identical in design. These trials were 48-week, multi-
center, randomized, double-blind, placebo controlled, parallel group trials to assess the 
safety and efficacy of two doses of olodaterol (5 mcg qD and 10 mcg qD) in approximately 
600 patients with COPD. Patients had FEV1 of <80% predicted, with an FEV1/FVC ratio 
of <70% predicted and were current smokers, or had at least a 10 pack year smoking 
history. Patients with asthma were excluded. The trials included 11 study visits. Consistent 
with standard of care, background therapy with short-acting beta-agonists, inhaled 
corticosteroids, oral corticosteroids, anticholinergics (including tiotropium), and 
methylxanthines were permitted in all treatment groups. The co-primary endpoints for these 
trials were trough FEV1 response and FEV1 AUC(0-3 hr) response at week 12. There were 
a number of secondary endpoints, including a variety of spirometry measures, rescue 
medication use, and exacerbation endpoints. 

Trials 1222.13 and 1222.14 were also identical in design. The trials were similar in design 
to 1222.11 and 1222.12 except for the addition of an active comparator arm and inclusion 
of additional endpoints related to dyspnea and quality of life. These trials were 48-week, 
multi-center, randomized, double-blind, placebo controlled, parallel group trials to assess 
the safety and efficacy of two doses of olodaterol (5 mcg qD and 10 mcg qD) in 
approximately 900 patients with COPD. These trials also included an active comparator 
arm, formoterol 12 mcg twice daily, in a blinded double-dummy fashion. Patients had 
FEV1 of <80% predicted, with an FEV1/FVC ratio of <70% predicted and were current 
smokers, or had at least a 10 pack year smoking history. Patients with asthma were 
excluded. The trials included 11 study visits. Consistent with standard of care, background 
therapy with short-acting beta-agonists, inhaled corticosteroids, oral corticosteroids, 
anticholinergics (including tiotropium), and methylxanthines were permitted in all 
treatment groups. The co-primary endpoints for these trials were trough FEV1 response, 
FEV1 AUC(0-3 hr) response, and Mahler Transitional Dyspnea Index (TDI) at week 24. 
Key secondary endpoints were total St. George’s Respiratory Questionnaire (SGRQ) after 
24 weeks of treatment (olodaterol versus placebo), trough FEV1 response after 24 weeks of 
treatment (olodaterol versus formoterol), and FEV1 AUC(0-3 hr) response after 24 weeks 
of treatment (olodaterol versus formoterol). 
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6-week trials 
FEV1 profile trials (1222.24, 1222.25, 1222.39, and 1222.40) 

Trials 1222.24 and 1222.25 were identical trials meant to characterize the 24-hour FEV 
time profile of olodaterol. These were randomized, double-blind, double-dummy, placebo 
controlled, 4-way cross-over trials to characterize the 24-hour FEV1 time profiles of 
olodaterol (5 mcg and 10 mcg once daily) and formoterol (12 mcg BID) in approximately 
100 COPD patients with FEV1≤80% predicted. Trials 1222.39 and 1222.40 were similar 
except that they included a tiotropium (HandiHaler 18 mcg qD) active comparator instead 
of formoterol. Each of the four treatment periods lasted 6 weeks, and periods were 
separated by a 2 or 3 week washout period. After each six 6 week treatment period, 24 hour 
post-dose spirometry was performed. Spirometry was performed 30 minutes pre-dose, and 
at 0.5, 1, 2, 3, 4, 6, 8, 10, 11, 11:50, 12:30, 13, 14, 22, 23, and 23:50 hours post-dose. The 
12:30, 13, and 14 hour time points were not included in trials 1222.39 and 1222.40. Two 
weeks after the last treatment period, the patients were seen for their final follow-up visit. 
In trials 1222.25 and 1222.26, patients were permitted to continue long-acting muscarinic 
antagonists (LAMAs); however, LABAs were prohibited. In Trials 1222.39 and 1222.40, 
both LABAs and LAMAs were prohibited. 

Exercise trials (1222.37 and 1222.38) 

Trials 1222.37 and 1222.38 were identical in design. They were multi-center, multi-
national, randomized, double-blind, 3-way cross-over trials in approximately 150 moderate 
to severe COPD patients with an exercise endurance time of less than 25 minutes at 
baseline. The three 6 week treatment arms included placebo, olodaterol 5 mcg, and 
olodaterol 10 mcg. Between each treatment period there was a 2 week washout period. 
Patients were allowed to take ICS, methylxanthines, and short acting anticholinergics 
during the trial. However, LABAs and tiotropium were not permitted. The primary 
endpoint was exercise endurance time during constant rate cycle ergometry to symptom 
limitation at 75% maximal work capacity after 6 weeks of treatment. Key secondary 
endpoints were inspiratory capacity at isotime (defined as the endurance time of constant 
work rate exercise of shortest duration) at 75% maximal work capacity and intensity of 
breathing discomfort as measured by the Borg Scale at isotime.  

Efficacy Findings 

The clinical program showed that olodaterol at 5 and 10 mcg once-daily doses provided 
statistically significant bronchodilatory effects in patients with COPD with replicate 
findings for these doses. Olodaterol 5 and 10 mcg also demonstrated statistically significant 
improvement in exercise endurance time and inspiratory capacity at isotime during 
exercise. Some pertinent efficacy results, specifically FEV1 results and exercise results are 
presented in subsequent sections, with some comments.  
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Figure 1: COPD dose regimen (1222.26). FEV1 at individual timepoints after 3 weeks of 
treatment 

 
Source: modified from Trial 1222.26 CSR; Figure 11.4.1:1;pg72 

 
Based on the evaluation of dosing regimen, once daily dosing for olodaterol is supported.   

7.3 Efficacy 

7.3.1 Bronchodilator effects  
The results for the co-primary efficacy variables for the 48-week trials using the protocol-
specified analysis are shown in Table 4. The primary endpoint of Trials 1222.13 and 
1222.14 was at 24 weeks, not 12 weeks, but data are all shown at 12 weeks for ease of 
comparison. The results of the 48-week trials showed that olodaterol 5 and 10 mcg were 
statistically significant compared to placebo for the co-primary endpoints with the 
exception of Trial 1222.12 in which the 5 mcg olodaterol group was not significant for 
trough FEV1. Results at 12 weeks were generally comparable with results at 24 and 48 
weeks. In addition, secondary spirometric endpoints were generally consistent with the 
primary endpoint results. 
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MCID is likewise unknown. In theory, increases in inspiratory capacity imply a decrease in 
dynamic hyperinflation during exercise.  

7.3.3 Efficacy conclusions 
The spirometry data from the 48-week trials demonstrate a clear bronchodilator effect for 
olodaterol over placebo plus standard of care, with a benefit on FEV1 over the first 3 hours 
after dosing and at the end of the dosing interval (trough). Dose ranging and dose regimen 
trials in both asthma and COPD are supportive of the sponsor’s decision to take both the 5 
and 10 mcg once daily doses into Phase 3. The 48 week trials demonstrate no benefit of the 
10 mcg dose over the 5 mcg dose and support the sponsor’s proposed dose of 5 mcg.  

While the two replicative 6 week exercise trials demonstrated a statistically significant 
benefit on exercise duration and inspiratory capacity, it is unclear if this represents a true 
clinical benefit. Additional data demonstrating long-term benefit and benefit across the 
dosing interval will likely be necessary for a claim, although this remains under discussion 
by the project team. In addition, since the MCID for these endpoints is unknown, a clinical 
anchor associating the degree of benefit on exercise with some other clinically-meaningful 
endpoint would also be helpful in interpretation. 

8 SAFETY 

8.1 Safety in COPD 
The safety assessment of olodaterol is based primarily on the 48-week trials shown in Table 
1. Findings in the shorter-term trials were consistent with the safety profile observed in the 
48-week trials. Including all phases of development, a total of 4312 patients were exposed 
to at least one dose of olodaterol monotherapy. Of these, 3353 were COPD patients. Of the 
COPD patients, 3142 received olodaterol 5 or 10 mcg once daily in Phase 3 parallel group 
or crossover trials. The 48-week trials included a total of 3104 patients. Of these patients, 
1,759 patients were exposed to olodaterol at a dose of 5 or 10 mcg. Given that the lower 5 
mcg dose is proposed for marketing, it is important to also consider data from the 10 mcg 
dose as supportive evidence of safety. 

As part of the safety analysis, the sponsor evaluated deaths, serious adverse events (SAEs), 
adverse events (AEs), and also conducted specific analyses of Major Adverse Cardiac 
Events (MACE) endpoints and respiratory adverse events. Deaths and SAEs were all 
adjudicated by independent committees. In addition, the sponsor also collected vital status 
information out to 337 + 14 days (50 weeks) for patients who discontinued from the trials. 
Overall, vital status data are available for 98% of all patients randomized in the 48-week 
trials. 
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Deaths and Serious Adverse Events (SAEs)14 occurred in the COPD program as would be 
expected in the relatively older and sicker patient population studied. In the 48-week trials, 
there were a total of 53 on-treatment deaths, which were generally balanced between 
treatment groups [13 (1.5%) placebo, 13 (1.5%) olodaterol 5mcg, 17 (1.9%), olodaterol 
10mcg, and 10 (2.2%) formoterol]. Deaths were reported both as determined by the 
investigators and as determined by the adjudication committee. According to the 
investigators, the most frequent causes of death were COPD exacerbation, respiratory 
failure, and pneumonia; the most frequent causes of death as determined by the mortality 
adjudication committee were COPD exacerbation, sudden cardiac death, unknown, and 
lung cancer. Numbers of each individual event were too small to draw any definitive 
conclusions regarding safety signals. Including vital status information, there were 23 
(2.6%), 19 (2.2%), 21 (2.4%), and 13 (2.8%) deaths in the placebo, olodaterol 5 mcg, 
olodaterol 10 mcg, and formoterol treatment groups, respectively. Given that there was 
substantial differential discontinuation in the placebo group in the 48-week trials, vital 
status information is useful to account for potential bias due to a healthy survivor effect in 
the placebo group.  

In the 48-week trials there were 499 patients with on-treatment SAEs (fatal and non-fatal) 
that were generally balanced across treatment groups. As expected in the moderate to 
severe COPD patient population, the most frequent SAEs were COPD exacerbation and 
pneumonia. There was a small imbalance in the olodaterol 10 mcg group compared to 
placebo for neoplasms primarily driven by lung-related malignancies. Overall, there were 9 
(1.0%), 14 (1.6%), 19 (2.2%), and 8 (1.7%) neoplasms in the placebo, olodaterol 5 mcg, 
olodaterol 10 mcg, and formoterol groups, respectively. The rate per 100 patient years is 
1.94, 2.89, 4.24, and 2.84 in the placebo, olodaterol 5 mcg, olodaterol 10 mcg, and 
formoterol groups, respectively. However, given the small numbers, long lead time for lung 
neoplasms, and lack of similar findings in animal carcinogenicity studies, it is not clear that 
this is a safety signal. Pneumonia was also relatively increased in the olodaterol 10 mcg 
group compared to placebo with 13 (1.5%), 14 (1.6%), 22 (2.5%), and 7(1.5%) in the 
placebo, olodaterol 5 mcg, olodaterol 10 mcg, and formoterol groups, respectively. The 
imbalance persists for adjudicated cases of pneumonia. Again, numbers are small and not 
corrected for exposure. These relative imbalances did not occur in the olodaterol 5 mcg 
dose group. 

In the COPD studies, the adverse event profile was typical for COPD patients with 
respiratory disorders and infectious disorders being most common. Adverse events leading 
to discontinuations and commonly reported adverse events did not raise any specific or 
unique safety concerns for olodaterol in COPD patients. Adverse events relating to  
beta-adrenergic effects, such as those in the cardiovascular system and cerebrovascular 
system, did not occur more frequently in the olodaterol groups. An adjudicated analysis of 
major adverse cardiac events (MACE) did not reveal any concerns. Fatal MACE events 
                                                 
14 Serious Adverse Drug Experience is defined in 21 CFR 312.32 as any adverse drug experience occurring at 
any dose that results in any of the following outcomes: Death, a life-threatening adverse drug experience 
(defined in the same regulation as any adverse drug experience that places the patient or subject, in the view 
of the investigator, at immediate risk of death from the reaction as it occurred), inpatient hospitalization or 
prolongation of existing hospitalization, a persistent or significant disability/incapacity, or a congenital 
anomaly/birth defect. 
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occurred in 8 (0.9%), 3 (0.3%), 3 (0.3%), and 6 (1.3%) of patients in the placebo, olodaterol 
5 mcg, olodaterol 10 mcg, and formoterol groups, respectively. Likewise, nonfatal MACE 
events were generally balanced. 

8.2 Safety in asthma 
Because of the safety issues with LABAs in patients with asthma, it is important to review 
the safety data from the asthma studies with regards to serious asthma exacerbations, 
hospitalizations, intubations, and deaths. BI has short term data with olodaterol in 
approximately 700 patients with asthma. No asthma related deaths occurred in the asthma 
dose ranging trials and there was no increase in asthma-related SAEs for either the 5 mcg or 
10 mcg dose of olodaterol, raising no safety concerns for asthma-related events with the 
proposed 5 mcg dose of olodaterol. 

8.3 Safety conclusions 
The size and duration of the safety database for olodaterol are appropriate for a COPD 
program. Overall, the adverse event profile is consistent with known LABA class effects of 
and with the COPD patient population. The sponsor did appropriate analyses to evaluate for 
serious respiratory and cardiovascular related events as well as an adjudicated analysis of 
deaths with vital status follow up to account for potential differential discontinuation. The 
asthma data, while limited, demonstrates no increase in asthma-related SAEs. In addition, it 
is reassuring that the sponsor has conducted an extensive dose ranging program for 
olodaterol, ultimately choosing the lower of the two doses taken forward into Phase 3, since 
many of the LABA class safety issues are known to be dose related. 

9 ADVISORY COMMITTEE MEETING 

On January 29, 2013, FDA held a meeting of the Pulmonary-Allergy Drugs Advisory 
Committee to discuss the adequacy of the efficacy and safety data submitted by BI to 
support the approval of olodaterol inhalation solution at a dose of 5 mcg every day (once-
daily), for the long term, once-daily maintenance treatment of airflow obstruction in 
patients with chronic obstructive pulmonary disease (COPD) including chronic bronchitis 
and/or emphysema. The major issues discussed at the PADAC meeting were: a) whether 
the bronchodilator benefit observed in the setting of background therapy represents a 
clinically meaningful difference, b) whether or not the exercise claims are supported, and c) 
the safety of olodaterol. 

The committee voted almost unanimously in favor of olodaterol bronchodilator efficacy, 
safety, and approval. The vote was 15 yes, 1 no, and 1 abstention for all three voting 
questions. Overall, members felt that BI had conducted a rigorous, well-designed program 
that was strengthened by the inclusion of usual care background therapy. The only safety 
issue raised was the occurrence of 4 cases of non-small cell lung carcinoma in the 
olodaterol 10 mcg group compared to placebo. Members noted that while this may have 
been a random occurrence, appropriate post-marketing surveillance is warranted.  

The committee observed that exercise tolerance is an important endpoint for patients, and 
many members expressed support for inclusion of exercise endpoints in pharmaceutical 
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trials in COPD. However, members noted that more information is needed to understand 
the optimal design of exercise trials for COPD and MCID of exercise endpoints. Several 
members recommended that FDA hold a scientific meeting to discuss exercise. With regard 
to the BI studies, members requested additional data at later time-points after 
administration of the drug as well as longer duration trials. One member also wanted to see 
correlation of exercise endpoints with symptoms. 

10 PEDIATRICS 

Boehringer-Ingelheim is requesting a claim for Striverdi Respimat for COPD only and is 
not requesting a claim for asthma. Since COPD is a disease that occurs only in adults, FDA 
granted a pediatric waiver for this application. The product label will clearly state that 
indacaterol is not indicated for children. No pediatric trials were conducted. 

11 OTHER RELEVANT REGULATORY ISSUES 

11.1 Ethics and data integrity 
For the pivotal 48-week trials submitted in this application, there was only one investigator 
who reported payments in excess of $25,000, which was for grant funding and attendance 
at 3 meetings. Given the large size of the Phase 3 program, it is highly unlikely that data 
from this site could have influenced the results.  

For this application, the Division of Scientific Investigations (DSI) was consulted to 
conduct site inspections. Sites from three of the four 48-week trials were audited [Trials 
1222.11 (two US sites), 1222.12 (one US site), and 1222.13 (one site in Argentina)]. In 
addition, the sponsor site in Raritan, New Jersey was audited. The auditor did not have 
significant findings at the three US sites or at the sponsor’s site in New Jersey. A Form 
FDA 489 with Voluntary Action Indicated was issued to the site in Argentina due to 7 
patients who received study drug outside of the Interactive Voice Response System for at 
least one visit and to study drug medication returns that could not be located for 6 patients. 
FDA biostatisticians reanalyzed the results from Trial 1222.13 removing the patients from 
this site from the analysis, which did not affect the overall results of the trial. 

11.2 Risk Evaluation and Mitigation Strategy (REMS) 
BI submitted a Risk Evaluation and Mitigation Strategy (REMS) for Striverdi Respimat 
consisting of a communication plan regarding LABA safety (asthma related death). The 
communication plan includes a Dear Health Care Professional Letter, information posted 
on a website, and letters of notification to professional societies. This is consistent with 
other bronchodilators in the LABA class.  

Because the information regarding LABA safety and asthma-related death has been widely 
distributed to physicians with demonstrated uptake of the information into clinical practice, 
no REMS is required for Striverdi Respimat. A Medication Guide, which is not part of the 
REMS, along with a boxed warning regarding asthma-related death will be required for this 
product. 
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13.3 Recommendation for postmarketing Risk Evaluation and 
Management Strategies 

Striverdi Respimat will carry standard class labeling for LABA agents. The review team 
does not recommend a REMS for LABA safety issues because physicians have already 
been made aware of these class issues. See Section 11.2. 

13.4 Recommendation for other post-marketing requirements 
and commitments 

There are no recommendations for further postmarketing requirements or commitments at 
the time of this review. 

13.5 Recommended comments to applicant 
As of the date of this review, there are no recommended comments to the applicant. 
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