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significant loss of efficacy between 2.5 µg and 5 µg with regard to reduction in asthma 
exacerbations. 

With respect to safety, there were no major safety concerns or new safety signals 
identified in the adult or adolescent asthma populations. No deaths were reported in any 
of the trials, and asthma-related AEs, including serious, non-serious, and those leading 
to treatment withdrawal, generally occurred more frequently in the placebo groups. 
Regarding drug-class specific safety concerns, time-adjusted analyses revealed 
relatively low rates of systemic anticholinergic effects, such as dry mouth, with some 
evidence of a dose-dependent response between the 2.5 µg and 5 µg doses. Although 
cardiovascular safety was less of a concern following the completion and review of the 
TIOSPIR trial in COPD patients, the fact that very few MACE events occurred in the 
asthma trials with no apparent imbalance between treatment groups was nonetheless 
reassuring. 

In conclusion, the risk-benefit assessment for Spiriva Respimat as a bronchodilator 
maintenance treatment in patients 12 years of age and older on a background of ICS 
therapy is favorable. Acknowledging that there are no overt safety issues with the 5 µg 
dose, an evaluation of the overall safety population revealed fewer asthma-related AEs 
reported during treatment with 2.5 µg dose compared with the 5 µg dose. Although this 
difference was not observed in subgroups of adolescent patients or mild asthmatics, the 
consistency of the efficacy results and trend toward fewer asthma-related AEs favoring 
the lower 2.5 µg, raises the question of whether or not the higher dose may have a 
subtle detrimental effect in asthma. Therefore, the risk-benefit profile is most favorable 
for Spiriva Respimat 2.5 µg/day, which is the recommended dose for approval by this 
reviewer. 

1.3		 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies

There are no recommendations for a postmarketing risk evaluation and mitigation 
strategy. 

1.4		 Recommendations for Postmarket Requirements and Commitments 
Discussions regarding the Pediatric Study Plan (PSP) for postmarketing PREA studies 
in asthma patients less than 12 years of age were deferred at the time of this review. 

2 Introduction and Regulatory Background 

2.1		 Product Information 
The active component of Spiriva Respimat (SR) is tiotropium bromide monohydrate, a 
long-acting antimuscarinic (or anticholinergic) drug. The SR drug product consists of an 
aqueous solution of tiotropium delivered via oral inhalation using the Respimat device. 
Each actuation from the SR inhaler delivers

(b) (4) (b) (4)
 µg of tiotropium (equivalent to µg 
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approved by local Institutional Review Boards (IRB) or Independent Ethics Committees 
(IEC). 

3.3 Financial Disclosures 
The applicant has adequately disclosed financial interests/arrangements with clinical 
investigators as recommended in the guidance for industry Financial Disclosure by 
Clinical Investigators. Nine of the 721 principal investigators and three sub-investigators 
reported receipt of significant payments from the Applicant; however, these payments 
do not appear to raise questions about the integrity of the data. Enrollment at any 
particular site was relatively small compared to the overall number of patients, and no 
single site or investigator appears to be driving the results. 

Table 3. Financial Disclosure Checklist 

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

Total number of principal investigators identified:  721 

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): 12 

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: 12 

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 

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

Yes No 

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

Is an attachment provided with the 
reason: 

Yes No 
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BI performed due diligence, but was unable to certify financial interests for 106 
investigators. For 82 of these investigators, the reason for lack of certification was either 
that the site did not initiate the trial/did not enroll patients or that the investigator did not 
participate in the trial. For the remainder of investigators, eight sub-investigators had 
incomplete financial disclosure questionnaires (FDQ), ten sub-investigators did not have 
FDQs collected, and five sub-investigators and one PI were no longer at the site. Six of 
the sub-investigators for whom an FDQ was not collected were from the same site in 
study 205.419; however, this site does not appear to have randomized any subjects. 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 

4.1 Chemistry Manufacturing and Controls 
The Chemistry, Manufacturing, and Controls reviewer is currently evaluating the 

(b) (4)

(b) (4)
performance of a 1.25 µg/spray Spiriva Respimat product in order to support a 
dose (2.5 µg once-daily) . 

4.2 Clinical Microbiology
No new data was submitted or required because the microbiology data was previously 
reviewed under the NDA 21-936 for COPD and the formulation and container closure 
system remain the same. 

4.3 Preclinical Pharmacology/Toxicology 
No new data was submitted or required as a full toxicology program has already been 
conducted to support the Spiriva HandiHaler and Spiriva Respimat COPD programs. 

4.4 Clinical Pharmacology
The recommendation from the Clinical Pharmacology reviewer is Approval. A brief 
review of the clinical pharmacology findings and dose ranging/regimen studies for SR in 
asthma can be found below. For complete details of the phase 2 program, refer to the 
Clinical Pharmacology review by Dr. Yunzhao Ren. 

4.4.1 Mechanism of Action 
Tiotropium is a long-acting anticholinergic agent that binds muscarinic receptors M1 to 
M5. When applied locally to the airways, it exhibits its pharmacologic effect through 
inhibition of M3-receptors at the smooth muscle leading to bronchodilation. 

4.4.2 Pharmacodynamics
For the asthma clinical development program, the Applicant conducted three dose-
ranging and two dosing-regimen studies, summaries of which are provided in Table 4. 
Because all studies contained the same “205” prefix, individual studies are referred to 
by the last 3 digits only. All were randomized, double-blind, crossover studies with a 
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Figure 1. Adjusted Mean FEV1 Response Over Time (hours): Study 341 

Results from Full Analysis Set (FAS), defined as all patients who received at least one dose of study medication and 

had at least one efficacy measurement.
	
Means adjusted for pooled center, patient within pooled center, and period.
	
Source: CSR 205.341, Figure 11.4.1.2:1
	

Because the 10 µg dose had similar treatment effects on FEV1 with more anticholinergic 
side effects such as dry mouth, the Applicant evaluated lower doses in Studies 380 and 
424. Study 380 was a randomized, double-blind, placebo-controlled, 16-week crossover 
study that evaluated three doses of SR (1.25, 2.5, and 5 µg) once daily in the evening in 
149 adults with moderate asthma. Similarly, Study 424 evaluated the same three doses 
of SR administered once daily in the evening, but was an incomplete crossover design 
of 12 weeks duration in 105 adolescents (12-17 years of age) with moderate asthma. 
The adjusted mean FEV1 response over 3 hours post-dose after 4 weeks of treatment 
from each study is displayed graphically in Figure 2 and Figure 3. In both studies, the 
primary analysis demonstrated the largest treatment difference between SR 5 and 
placebo for the FEV1 peak(0-3h) response after 4 weeks of treatment. Although the lower 
doses had a lesser effect on post-dose FEV1, there was no clear dose-response 
relationship between the 1.25 and 2.5 µg doses. Similar trends were observed for the 
trough FEV1 response. 
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Figure 2. Adjusted mean FEV1 Response Over Time (hours): Study 380 

Means adjusted for treatment, period, patient, and study baseline. Results from FAS population. 
Source: CSR 205.380, Figure 11.4.1.2.1:1 

Figure 3. Adjusted Mean FEV1 Response Over Time (hours): Study 424 

Means adjusted for treatment, period, patient, and baseline. Results from FAS population. 
Source: CSR 205.424, Figure 11.4.1.2.1:1 
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Metabolism: 
The extent of metabolism appears to be small, evident from a urinary excretion of 74% 
of unchanged substance after an intravenous dose. Tiotropium, an ester, is non-
enzymatically cleaved to the alcohol N-methylscopine and dithienylglycolic acid, neither 
of which binds to muscarinic receptors. 

In vitro experiments with human liver microsomes and human hepatocytes suggest that 
a fraction of the administered dose (~25%) is metabolized by cytochrome P450-
dependent oxidation and subsequent glutathione conjugation to a variety of Phase II 
metabolites. This enzymatic pathway can be inhibited by CYP450 2D6 and 3A4 
inhibitors, such as quinidine, ketoconazole, and gestodene. In vitro studies using human 
liver microsomes showed that tiotropium in supra-therapeutic concentrations does not 
inhibit CYP450 1A1, 1A2, 2B6, 2C9, 2C19, 2D6, 2E1, or 3A4. 

Elimination: 
At steady state following 2.5 μg once daily inhalation, the effective half-life of tiotropium 
was approximately 1.5 days in asthma patients. Total clearance was 880 mL/min after 
an intravenous dose in young healthy volunteers. In asthma patients, pharmacokinetic 
steady-state was reached by day 7 with no accumulation thereafter. At steady state, 24-
hour urinary excretion is 18.6% (0.93 µg) and 12.8% (0.32 µg) of the dose in patients 
with COPD (5 μg once daily) and asthma (2.5 μg once daily), respectively. The renal 
clearance of tiotropium exceeds the creatinine clearance, indicating secretion into the 
urine. 

5 Sources of Clinical Data 

5.1 Tables of Studies/Clinical Trials
All of the trials conducted in the asthma development program for SR are summarized 
in Table 5. Because all studies/trials included the same prefix of 205, this review refers 
to an individual study/trial by the last 3 digits only. In the phase 2 program, there were 
five dose-ranging/regimen studies in the phase 2 program: 341, 380, 424, 420, and 441. 
The results from these studies formed the basis for dose selection in phase 3 trials and 
were discussed in Section 4.4.2. The information to support the efficacy and safety of 
SR for the maintenance treatment of asthma on a background of ICS therapy is derived 
primarily from seven trials (416, 417, 418, 419, 442, 444, and 456). The protocols for 
the efficacy and safety trials are reviewed in Section 5 while efficacy and safety results 
are discussed in Sections 6 and 7, respectively. Additional safety data is provided by a 
long-term safety trial conducted in Japan (464) and a parallel-group phase 2 study 
(342), which are reviewed as part of the pooled safety database in Section 7. 

22
	

Reference ID: 3761634 











Clinical Review 
Stacy Chin, MD 
NDA 207-070 
Spiriva Respimat (tiotropium inhalation solution) 

Figure 6. Study Schematic: 416 and 417 

Source: 205.416 CSR, Figure 9.1:1, p45 

Patient Population 
A minimum of 300 patients were to be randomized in the trial with each site expected to 
enter a minimum of 6-8 patients. Following the planned interim analysis, the 
independent data monitoring committee (IDMC) could recommend adjusting the sample 
size to 400 patients (200 per treatment group) based on the observed hazard ratio on 
severe asthma exacerbations. 

Key Inclusion Criteria 
1. Males or females aged 18 to 75 years 
2. Minimum 5-year history of asthma at the time of enrollment. The diagnosis must 

have been previously confirmed and documented by at least one of the following: 
a.		 An increased hyperresponsiveness to histamine, methacholine, mannitol, 

or exercise challenge 
b. A positive trial of glucocorticosteroids or bronchodilator reversibility to a 

β2-adrenergic drug that resulted in an increase in either FEV1 by ≥ 12% 
and ≥ 200 mL from baseline or PEF by ≥ 20% 

c.		 Diurnal PEF variability of ≥ 10% with two measurements/day or of ≥ 20% 
with more than two measurements/day (Diurnal PEF variability was 
defined as the difference between the maximum and minimum PEF value 
for the day expressed as percentage of the mean daily PEF value and 
averaged over 7 to 14 days) 

d. Post-bronchodilator (30 minutes after 4 puffs of 100 µg 
salbutamol/albuterol) reversibility, defined as an increase in FEV1 by ≥ 
12% and ≥ 200 mL from baseline (could have been performed at Visit 1) 

3. Asthma diagnosed prior to age 40 
4. Severe persistent asthma that was symptomatic despite treatment with high, 

stable doses of inhaled corticosteroids and a long-acting beta adrenergic agonist 
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5. Treatment with a stable, high-dose of ICS (Table 6) and LABA for at least 4 
weeks before screening (Visit 1). Additional concomitant asthma medications 
were allowed in stable doses (Table 7). 

6. Symptomatic at screening (Visits 1 and 2), defined as ACQ mean score of ≥1.5 
7. One or more asthma exacerbations in the past year (based on patient-reported 

need for urgent care due to asthma symptoms requiring an addition or increased 
dose of systemic corticosteroids) 

8. Post-bronchodilator (i.e., 30 minutes after 4 puffs of 100 µg salbutamol/albuterol) 
FEV1 ≤ 80% predicted and FEV1 ≤ 70% of FVC at Visit 1 

9. Variation of absolute pre-bronchodilator and pre-dose FEV1 values within ± 30% 
between Visits 1 and 2 

10.Never-smokers or ex-smokers who stopped smoking at ≥ 1 year prior to 
enrollment with a smoking history of < 10 pack years [Pack years = (# cigarettes 
per day/20) x years smoking] 

Table 6. Definition of High-dose Inhaled Corticosteroids 

Source: 205.416 CSR, Table 9.3.1:1, p48 

Key Exclusion Criteria 
1. Significant disease other than asthma that in the opinion of the investigator may 

have put the patient at risk, influenced the results of the trial, or raised concern 
regarding patient’s ability to participate 

2. Clinically relevant abnormal screening hematology or chemistry labs 
3. Recent myocardial infarction (within the previous 6 months) 
4. Hospitalization for cardiac failure during the past year 
5. Unstable or life-threatening cardiac arrhythmia requiring intervention or change in 

drug therapy within the past year 
6. Malignancy treated by resection, radiation, or chemotherapy within the past 5 

years; basal cell carcinoma allowed 
7. Lung disease other than asthma (e.g., COPD) 
8. Active tuberculosis 
9. Alcohol or drug abuse within the past two years 
10.Previous thoracotomy with pulmonary resection 
11.Participation in pulmonary rehabilitation program currently or within 6 weeks prior 

to screening (Visit 1) 
12.Oral corticosteroid use at doses > 5 mg daily or > 10 mg every other day of 

prednisolone or prednisolone equivalent 
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13.Pregnancy or lactation 
14.Women of childbearing potential not using a highly effective method of 


contraception.
	
15.Asthma exacerbation or respiratory tract infection within 4 weeks of screening 

(Visit 1) or during the 4-week screening period; for events that occurred during 
the screening period, patients could have been randomized 4 weeks following 
recovery 

16.Narrow-angle glaucoma 
17.Treatment with tiotropium within 4 weeks of screening (Visit 1) or during the 

screening period 
18.Treatment with disallowed medications (Table 7) 

Reviewer Comment: Inclusion criterion #8 is also the spirometric diagnostic criterion for 
COPD outlined in the 2015 GOLD report. 

Concomitant Medications 
The following table lists the medications that were permitted or prohibited prior to and 
during the trials. 

Table 7. Overview of Permitted and Prohibited Medications: Trials 416 and 417 
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Source: 205.416 Protocol, Table 4.2: 1, p45 

Treatments 
 Tiotropium: 5 µg daily delivered as 2 puffs of 2.5 µg once every morning via the 

Respimat inhaler 
 Placebo: 2 puffs once every morning delivered via the Respimat inhaler 

Subjects were instructed to inhale study medication once daily each morning at the 
same time (± 30 minutes) between 7am and 10am and within 10 minutes after the 
inhalation of their usual asthma therapy. Patients recorded the administration of each 
dose of trial medication in their electronic diary; patients who missed a dose were 
instructed to take the next dose at the next scheduled time. On clinic visit days, patients 
were to withhold their morning dose of trial medication and their usual asthma 
medication, both of which would be administered in the clinic after the pre-dose 
pulmonary function test. 

Open-label salbutamol (albuterol) HFA MDI inhalation aerosol (100 µg per actuation) 
was supplied for the assessment of post-bronchodilator FEV1 at Visit 1 and for rescue 
use during the screening, treatment, and follow-up periods. Rescue medication was 
allowed at any point during the trial; however if administered before or during a clinic 
visit day, the visit was either re-scheduled or discontinued without the patient 
completing the remainder of the pulmonary function testing. Patients were instructed to 
record the number of inhalations of rescue medication used during the daytime and 
nighttime in the electronic diary of the Asthma Monitor (AM3) device. 

Treatment compliance was assessed at each clinic visit through a review of the 
electronic diaries and the used trial and rescue medications returned to clinic. 
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Efficacy Variables 
Pulmonary Function Testing Procedures 
At screening (Visit 1), pulmonary function testing was performed 10 minutes prior to and 
30 minutes after inhalation of 4 puffs of 100 µg salbutamol. Predicted FEV1 values were 
calculated for patients according to the European Community for Steel and Coal 
(ECSC) reference equations: 

Males 
FEV1 predicted (L)=4.3 x (height (inches)/39.37) – 0.029 x age (years) – 2.49 
FEV1 predicted (L)=4.3 x (height (meters)) – 0.029 x age (years) – 2.49 

Females 
FEV1 predicted (L)=3.95 x (height (inches)/39.37) – 0.025 x age (years) – 2.60 
FEV1 predicted (L)=3.95 x (height (meters)) – 0.025 x age (years) – 2.60 

Patients 18-25 years of age had predicted FEV1 calculated using age 25. 

Reviewer Comment: The ECSC reference equations tend to result in lower percent 
predicted FEV1 (i.e., predicts higher FEV1 for given age, sex, and height) compared to 
other reference equations. 

At Visit 2, baseline pulmonary function testing (FEV1 and FVC) was performed 10 
minutes pre-dose followed by administration of the patient’s usual asthma therapy and 
then the first dose of trial medication within 10 minutes. Pulmonary function testing was 
subsequently performed at 30 minutes, 1 hour, 2 hours, and 3 hours after inhalation of 
the trial medication. Pulmonary function testing was performed according to the same 
schedule at Visits 3-9. The end of the 2nd inhalation of trial medication from the 
Respimat inhaler was regarded as time point zero for pulmonary function testing. PFTs  
were performed in triplicate with the highest value recorded; however, the PFT time 
point recorded was derived from the time of the first maneuver. For each patient, 
pulmonary function testing was to start at approximately the same time of the day 
between 7am and 10am, ±30 minutes from the time of testing at Visit 2. The pre-dose 
PFT was regarded as the trough FEV1, and could be obtained within a 5-25 minute 
window prior to the morning dose of asthma and trial medications. The post-dose PFT 
measurements were obtained within 5 minutes of the 30- and 60-minute measurements 
and within 10 minutes of the 2- and 3-hour measurements, respectively. The highest 
FEV1 within the 3-hour post-dosing interval was regarded as the peak FEV1 response. 
In a subset of patients, 24hr PFTs were carried out after 24 weeks of treatment (Visit 6) 
at the following time points: 10 minutes pre-dose, and then 30 min, 60 min, 2 hr, 3 hr, 4 
hr, 6 hr, 8 hr, 10 hr, 12 hr, 14 hr, 22 hr, 23 hr, and 24 hr post-dose. 

Medication Restrictions for Pulmonary Function Testing (including Visit 1) 
 At least 24-hour washout of long-acting (QDay) theophylline preparations 
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	 At least 12-hour washout of short-acting (BID or more frequent) theophylline 
preparations, LABA, and LABA/ICS 

 At least 8-hour washout of SABA and short-acting anticholinergic bronchodilators 
 Daily dose of asthma and trial medication should be taken after the pre-dose PFT 

on clinic visits 

Asthma Symptoms and Exacerbations 
Patients documented worsening of asthma symptoms during the screening and 
treatment periods in the electronic diary of the AM3 and measured PEF twice daily. In 
addition, patient diary cards were used to document specific asthma symptoms, 
required medical treatment such as a change in asthma medication or need for medical 
care, or lost working days due to asthma worsening. Relevant information from the 
patient diary card was recorded in the eCRF. The investigators were instructed to report 
any deterioration of asthma as an AE regardless if the Sponsor’s definition of asthma 
exacerbation was fulfilled or not. 

The Applicant defined an asthma exacerbation as the following: 
	 an episode of progressive increase in one or more asthma symptoms (e.g., 

shortness of breath, cough, wheezing, and/or chest tightness) lasting for at least 
two consecutive days 

AND/OR 

	 a decrease of patient’s best morning PEF of ≥30% from the patient’s mean 
morning screening PEF for at least two consecutive days. Screening PEF was 
the mean value of all best morning PEF values obtained during the complete 
screening period including the morning of Visit 2. 

An exacerbation was considered severe if it required treatment with systemic (including 
oral) corticosteroids (or doubling of pre-existing daily systemic corticosteroid dose) for at 
least 3 days. Courses of systemic corticosteroids that were separated by one week or 
more were treated as separate events. The onset was determined by the onset of first 
worsened symptom or first PEF deterioration. The end was determined by the 
investigator. Treatment of asthma exacerbations including initiation of systemic 
corticosteroids was left to the investigator’s or treating physician’s medical judgment. 
The recommended dose for oral glucocorticosteroids for the trial was 30 mg/day 
prednisolone or prednisolone equivalent for 7 days. 

Reviewer Comment: An asymptomatic decrease in PEF, as described above, was 
considered an asthma exacerbation per protocol, regardless of being accompanied by 
asthma symptoms, need for additional asthma medication, or if considered medically 
relevant or not. I disagree that an asymptomatic decrease in PEF with no corresponding 
change in treatment constitutes a clinically meaningful asthma exacerbation, and as 
such, this issue will be addressed in the review of efficacy, Section 6. 
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Asthma Control Questionnaire 
The Asthma Control Questionnaire (ACQ) was administered at screening (Visit 1) as 
part of the entry criteria and then at every visit from Visits 2-9. The questionnaire, as 
shown in Figure 7, includes seven questions, the first six completed by the patient and 
the last one by the clinic staff. Each question has a 7-point scale, and all questions are 
weighted equally. The score is the mean of the responses to all seven questions, and 
thus, the maximum score is 6 which indicates the lowest degree of asthma control. 

Electronic peakflow meter with electronic diary 
Patients received an Asthma Monitor® AM3 device at Visit 1 for use twice daily to record 
asthma symptom and quality of life questions, use of rescue medication, use of trial 
medication, and to measure PEFs and FEV1. Patients were instructed to perform peak 
expiratory flow maneuvers at approximately the same time of day (±30 minutes) 
between 7am and 10am and between 7pm and 10pm prior to administration of usual 
asthma therapy. All acceptable PEF and FEV1 values were stored in the AM3 with the 
date and time of reading, but the highest value of a triplicate maneuver was used for 
evaluation. The data from the AM3 device was downloaded at each visit and reviewed 
by the investigator with the patient. 

Asthma Quality of Life Questionnaire (AQLQ(S)) 
The standardized Asthma Quality of Life Questionnaire was administered at clinic visits 
2 to 6. The AQLQ(S), as shown in Figure 8, has 32 questions pertaining to the two 
weeks prior to the visit. Eleven questions refer to activity limitations, twelve questions 
refer to symptoms, five questions to emotional function, and another four questions to 
environmental stimuli. Each question has a 7-point scale. 
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Figure 8 Asthma Quality of Life Questionnaire (AQLQ) 
(b) (4)

(b) (4)
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Efficacy Endpoints 
The two co-primary efficacy variables of the individual trials were peak FEV1 within 3 
hours post-dosing and trough FEV1, both determined after a treatment period of 24 
weeks. Peak FEV1 response was defined as the change from baseline in peak FEV1. 
Trough FEV1 was defined as the FEV1 measured at the -10 minute time point at the end 
of the dosing interval (24 hours post drug administration). Trough FEV1 response was 
defined as the change from baseline in trough FEV1. Baseline was the pre-treatment 
FEV1 measured at Visit 2 in the morning 10 minutes prior to the morning dose of 
patient’s usual asthma medication and first dose of trial medication. 
An additional co-primary endpoint for the pooled analysis of data from trials 416 and 
417 was the time to first severe asthma exacerbation after 48 weeks. The two trials 
were combined for analyses of asthma exacerbations to obtain adequate numbers of 
patients. 

Secondary efficacy endpoints included: 
 Peak (within 3 hours post dosing) and trough Forced Vital Capacity (FVC) at the 

end of the 24-week treatment period 
	 FEV (AUC0-3) and FVC (AUC0-3) at the of the 24-week treatment period. The 

AUC0-3 was calculated as area under the curve from 0 to 3 hours using the 
trapezoidal rule divided by the observation time (3 hours) reported in liters. 
Trough values were assigned to time 0. 

 Individual FEV1 and FVC measurements at all time-points including peak, 
trough, and AUC0-3 during the 48-week treatment period. 

 PEF a.m./p.m.: mean pre-dose morning and evening peak expiratory flow 
measured by patients at home 

 FEV1 a.m./p.m.: mean pre-dose morning and evening peak expiratory flow 
measured by patients at home 

 Number of asthma exacerbations per patient based on severity of the asthma 
exacerbation 

 Number of patients with at least one asthma exacerbation based on severity 
during the 48-week treatment period 

 Time to first hospitalization for asthma exacerbation during the 48-week 
treatment period 

 Number of hospitalizations for asthma exacerbations per patient during the 48-
week treatment period 

 Number of patients with at least one hospitalization for asthma exacerbation 
during the 48-week treatment period 

 Quality of Life as assessed by standardized Asthma Quality of Life Questionnaire 
(AQLQ) at all time-points during the 48-week treatment period 

 Control of asthma assessed by the Asthma Control Questionnaire (ACQ) at all 
time-points during the 48-week treatment period 
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 Asthma symptoms as assessed by the patient’s electronic diary during the 48-
week treatment period 

 Asthma symptom free days during the 48-week treatment period, defined as 
days with no reported symptoms and no use of rescue medication 

 Use of PRN salbutamol (albuterol) rescue medication during the 48-week 
treatment period: number of puffs used per 24 hour period 

Statistical Plan 
All efficacy analyses were performed using the full analysis set (FAS), which was 
defined as all randomized patients who received at least one dose of the study 
medication and had at least one on-treatment efficacy measurement. The first two 
primary endpoints, change from baseline in FEV1 peak(0-3) and trough FEV1 after 24 
weeks, were analyzed using a restricted maximum likelihood (REML)-based repeated 
measures approach with fixed effects of center, visit, treatment, treatment-by-visit 
interaction, baseline and baseline-by-visit interaction. The third primary endpoint, time to 
first severe asthma exacerbation after 48 weeks, was conducted by pooling data from 
trials 416 and 417 and was analyzed using a Cox’s proportional hazards regression 
model with treatment fitted as an effect. Only severe asthma exacerbations with onset 
during randomized treatment were included in the analysis. For all three primary 
endpoints, a stepwise manner was used to protect the overall type I error. If superiority 
of SR 5 µg over placebo was established for FEV1 peak(0-3) at the 2.5% level (one-
sided), then the treatment groups were compared for change in baseline in trough FEV1. 

If superiority of SR 5 µg over placebo was established for trough FEV1 at the 2.5% level 
(one-sided), then the treatment groups were compared for the time to first severe 
asthma exacerbation in the pooled trials at the 5% level (two-sided). 

The protocol pre-specified an interim analysis to re-adjust the sample size based on the 
observed hazard ratio on severe asthma exacerbations at the interim analysis. The 
interim analysis was performed once the total number of patients with at least one 
severe asthma exacerbation in the two trials reached 65. This analysis was conducted 
by an IDMC, which only received unblinded exacerbation data. The IDMC could have 
either recommended to limit the recruitment of patients to 150 per treatment group in 
each study or to increase the sample size to 200 per treatment group in each study 
based on what was observed in the interim analysis. The IDMC recommended 
increasing the sample size to 200 patients per treatment group in each study. As pre-
specified in the statistical analysis, the p-value for the third primary endpoint, time to first 
severe asthma exacerbation from the pooled data, was adjusted for the unblinded 
interim analysis. In addition, the p-value was adjusted for the analysis of FEV1 
endpoints with the increased sample size since the increase was based on the 
exacerbation endpoint. 

Missing FEV1 data was replaced with the least favorable FEV1 value if a patient 
withdrew due to worsening of asthma. Missing baseline data was imputed. Data 
obtained after the intake of rescue medication was considered missing. Missing data 
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Figure 9. Study Schematic: 418 and 419 

Source: Module 5.3.5.1, Study 205.418 and 205.419 Protocols, Figure 9.1:1, p52 

Patient Population 
The target enrollment in Studies 418 and 419 was larger with approximately 1000 
patients to be randomized into each trial. Patients in these trials had moderate 
persistent asthma that remained symptomatic despite background treatment with 
medium dose inhaled corticosteroids. 

Entry criteria were similar to those of Studies 416 and 417 with differences noted below: 
Inclusion Criteria 

1. Minimum 3 month history of asthma at the time of enrollment 
2. Bronchodilator reversibility at screening Visit 1, defined as FEV1 increase of 

≥12% and ≥200 mL occurring 15-30 minutes after 400 µg salbutamol or albuterol 
3. Maintenance treatment with a medium, stable dose of inhaled corticosteroids 

(Table 8) alone or in a fixed combination with a LABA or SABA for at least 4 
weeks prior to Visit 1 

4. Pre-bronchodilator FEV1 ≥ 60% and ≤ 90% predicted normal at screening 
5. Compliance with electronic diary of at least 80% 

Exclusion criteria were the same except for restrictions regarding disallowed 
medications (see Table 9). 
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Table 8. Definition of Medium-dose Inhaled Corticosteroids 

Source: Module 5.3.5.1, Study 205.418 and Study 205.419 Protocols, Appendix 10.4, Table 10.4:1 

Treatments 
Compared to 416 and 417, these trials included two additional treatment arms: a lower 
dose of tiotropium and the active comparator, salmeterol HFA MDI. The timing of trial 
drug administration was also changed from morning to evening in order “to consider 
nocturnal control of airway patency”. 

Patients were randomized equally to one of the following double-blind treatment arms: 
	 Tiotropium 2.5 µg – 2 actuations from placebo MDI every morning and 2 

actuations from placebo MDI every evening followed by 2 actuations of tiotropium 
from the 1.25 µg Respimat inhaler 

	 Tiotropium 5 µg – 2 actuations from placebo MDI every morning and 2 actuations 
from placebo MDI every evening followed by 2 actuations of tiotropium from the 
2.5 µg Respimat inhaler 

	 Salmeterol – 2 actuations of 25 µg salmeterol HFA MDI every morning and 2 
actuations of 25 µg salmeterol HFA MDI every evening followed by 2 actuations 
from the placebo Respimat inhaler 

	 Placebo – 2 actuations from placebo MDI every morning and 2 actuations from 
placebo MDI every evening followed by 2 actuations from the placebo Respimat 
inhaler 

Trial medication was to be administered twice daily between 6 a.m. and 8 a.m. and 
between 6 p.m. and 8 p.m. each within ±30 minutes of the time of administration at Visit 
2. Patients were instructed to take their background asthma medication followed by trial 
medication from the MDI and then the Respimat inhaler. Missed doses that were not 
taken within 4 hours of the recommended time frame were to be skipped until the next 
scheduled dose. 

Open-label salbutamol (albuterol) HFA MDI inhalation aerosol (100 µg per actuation) 
was provided as rescue medication for use as needed at any point during the trial. 

Concomitant Medications 
The following table provides an overview of the medications that were required, 
permitted, or restricted before and during the trials. 
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Efficacy Variables 
Pulmonary Function Testing Procedures 
Predicted normal FEV1 values at Visit 1 were calculated according to the ECSC 
reference criteria as in 416 and 417. Testing procedures were similar to those in 416 
and 417, but primarily occurred in the evening due to the timing of trial medication 
administration. Pulmonary function testing was performed at each clinic visit between 6 
p.m. and 8 p.m. and within ±30 minutes of the start of tests on Visit 2. A subset of 
patients also had 24-hour PFTs carried out after 24 weeks of treatment (Visit 6) 
according to the same schedule as described for 416 and 417. An additional subset of 
patients had PFTs carried out 5 minutes and 15 minutes post-dose after 16 weeks of 
treatment (Visit 5) to explore onset of action. 

Medication restrictions for pulmonary function testing at clinic visits (including Visit 1) 

were similar except that an extended washout period of 24 hours was required for LABA 

and ICS/LABA products prior to Visit 1. 


Asthma Exacerbations
	
The definition of an asthma exacerbation was identical to that in Studies 416 and 417.
	

ACQ and AQLQ(S)
	
Both questionnaires were as described for Studies 416 and 417.
	

Efficacy Endpoints 
As in trials 416 and 417, the co-primary endpoints were peak FEV1 within 3 hours of 
dosing and trough FEV1 with tiotropium compared to placebo after 24 weeks of 
treatment. Peak, trough, and baseline FEV1 were defined in a similar manner as in trials 
416/417. For the analysis of pooled data from 418 and 419, the primary endpoint was 
the (binary) ACQ responder rate at the end of the 24-week treatment period. 
Responders were defined as improving by at least 0.5 on the ACQ. 

Secondary and other endpoints were similar to those assessed in 416/417, albeit over 
24 rather than 48 weeks, with the addition of the following: 

 ACQ responder rate at the end of the 24-week treatment period for each 
individual trial 

	 FEV1(AUC0-12h), FEV1 (AUC12-24h), FEV(AUC0-24h), FVC (AUC0-12h), FVC (AUC12-

24h), FEV (AUC0-24h) in a subset of patients after 24 weeks of treatment. 
Calculations were according to the trapezoidal rule as described above. 

 Individual FEV1 and FVC measurements at 5 and 15 minutes post dose including 
peak and AUC0-3h in a subset of patients 

 Time to first severe asthma exacerbation during the 24-week treatment period for 
pooled data 

 Time to first asthma exacerbation during the 24-week treatment period for pooled 
data 
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Figure 10. Study Schematic: 205.442 

Source: Module 5.3.5.1, Study 205.442 CSR, Figure 9.1:1, p37 

Patient Population 
The target enrollment was 450 patients with mild persistent asthma who remained 
symptomatic despite treatment with low-dose inhaled corticosteroids. 

Entry criteria were the same as for Studies 418 and 419 in moderate persistent asthma 
with differences noted below: 

Inclusion Criteria 
	 Diagnosis of mild persistent asthma with symptoms despite current maintenance 

treatment with low doses of inhaled corticosteroids (Table 10) for at least 4 
weeks prior to Visit 1 

Exclusion Criteria 
 Requiring > 10 puffs of rescue medication per 24 hours on 2 consecutive days 

during the screening period 
 History of recent (6 months or less) of acute coronary syndrome (STEMI, Non-

STEMI, unstable angina pectoris) 
 Restrictions regarding disallowed medications (see Table 11) 

Table 10. Definition of Low-dose Inhaled Corticosteroids 

Source: Module 5.3.5.1, Study 205.442 Protocol, Appendix 10.3, Table 10.3:1 
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were analyzed after 24 weeks of treatment (Visit 6), patients received blinded treatment 
for a total of 48 weeks. 

Figure 11. Study Schematic: 205.444 

Source: Module 5.3.5.1, Study 205.444 CSR, Figure 9.1:1, p39 

Patient Population 
Target enrollment was 381 adolescents between the ages of 12 and 17 years with 
moderate persistent asthma who remained symptomatic on background medication. 

Entry criteria were similar to those described for trials 418 and 419 with differences 
noted below. 
Inclusion Criteria 

	 Male or female between 12 and 17 years of age 
	 If patients in the lower age range (12-14 years) exhibited a very small total lung 

volume, positive reversibility could be based solely on the relative (≥12%) post-
bronchodilator response 

	 Maintenance treatment with inhaled corticosteroids at a stable medium dose 
either as mono treatment or in combination with a LABA or leukotriene modifier 
for at least 4 weeks prior to Visit 1. For lower age groups (12-14 years), the 
dosing recommendations for “children > 5 years” could be applied (see Table 
12). LABAs must be stopped at least 72 hours prior to Visit 1. 

Exclusion Criteria 
 History of congenital or acquired heart disease, and/or hospitalization for cardiac 

syncope or failure during past year 
 Restrictions regarding concomitant medications (see Table 13) 
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6 Review of Efficacy 

Efficacy Summary 

The primary clinical data to support the efficacy of Spiriva Respimat (SR) for the 
proposed indication of add-on maintenance treatment of asthma in patients 12 years of 
age and older who remain symptomatic on ICS, consisted of a total of seven trials: five 
in adults and two in adolescents. These consisted of replicate 48-week trials in severe 
asthma (416/417), replicate 24-week trials in moderate asthma (418/419), and a 12-
week trial in mild asthma (442) as well as a 12-week trial in adolescents with severe 
asthma (456) and 48-week trial in adolescents with moderate asthma (444). The co-
primary or primary and key secondary endpoints in all trials were peak FEV1 measured 
within 3 hours post-dose (FEV1 peak(0-3)) and trough FEV1. As additional efficacy 
support, all trials captured asthma exacerbations as a secondary endpoint with time to 
first “severe” exacerbation being a primary endpoint for the pooled analysis of the 48-
week replicate trials (416 and 417). 

Notably, subjects in trials 416 and 417 differed from typical asthma patients and the 
other clinical trial subjects in that they were all required to have fixed obstruction with 
relatively minimal post-bronchodilator reversibility. Additionally, compared to the other 
adult trials, these subjects were older with a higher incidence of past tobacco use, and 
virtually all were on background LABA therapy prior to entering the trial.  Thus, by 
nature of the entry criteria, the trial populations in 416 and 417 likely included subjects 
who may have had COPD or Asthma-COPD overlap syndrome. This fact was also 
noted in an editorial response to the publication of these trials in the New England 
Journal of Medicine6,7. While total serum IgE levels and peripheral blood eosinophil 
counts suggest the presence of some degree of atopy in the 416 and 417 trial 
populations, whether or not this can be extrapolated to the presence of allergic asthma 
is questionable. 

In six of the seven trials, SR 5 µg once-daily demonstrated modest, but statistically 
significant, improvements in FEV1 peak(0-3) and trough response. The difference from 
placebo at the time of the primary endpoint analysis for trials 416, 417, 418, 419, 442, 
444, and 456 were 0.086, 0.154, 0.198, 0.169, 0.128, 0.174, and 0.090 L, respectively, 
for FEV1 peak(0-3) and 0.088, 0.111, 0.152, 0.133, 0.122, 0.117, 0.054 L, respectively, 
for trough FEV1. In the five trials that included an SR 2.5 µg once-daily treatment arm 
(trials 418, 419, 442, 444, and 456), the 2.5 µg dose also demonstrated statistically 
significant responses in FEV1 peak(0-3) and trough compared to placebo; moreover, the 
mean treatment difference was numerically better with SR 2.5 than SR 5 in four of the 

6 
Kerstjens HA, et al. Tiotropium in asthma poorly controlled with standard combination therapy. N Engl J 

Med. 2012 Sep 27; 367 (13): 1198-207 
7 

Bel EH. Tiotropium for asthma – promise and caution. N Engl J Med. 2012 Sep 27; 367 (13): 1257-9 
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five trials. The difference from placebo at the time of the primary endpoint analysis for 
these trials in the above-mentioned order were 0.236, 0.211, 0.159, 0.134, and 0.111 L 
for FEV1 peak(0-3) and 0.185, 0.176, 0.110, 0.084, and 0.115 L for trough FEV1. As 
evident from the phase 3 asthma trials, it is notable that there was little to no added 
bronchodilator benefit for the 5 µg dose over the 2.5 µg dose. In fact, in four of five trials 
where the two doses were compared, the higher 5 µg dose response was consistently 
lower. 

Unlike β2-agonists which have long-been established as bronchodilators in asthma, a 
similar beneficial role for anticholinergics in asthma has not yet been clearly 
demonstrated. Due to the modest benefit of SR on FEV1, an evaluation of the asthma 
exacerbations in this program was important to establishing a clinically meaningful 
benefit of SR for asthma. Because the analyses of exacerbations were derived from 
pooled data rather than replicate trials, a reduction in exacerbations serves to support 
SR as a bronchodilator in asthma, 

. Although all trials captured exacerbations as a secondary endpoint using the 
same definition, the frequency of exacerbation events in the 12-week trials was too low 

(b) (4)

to draw any conclusions; therefore, only data from the 24 to 48-week trials are 
presented in this review. 

Across trials, the Applicant defined any asthma exacerbation as a progressive increase 
in asthma symptoms or a decrease in PEF of ≥30% for at least two consecutive days. 
By this measure, an asymptomatic decrease in PEF was considered an asthma 
exacerbation per protocol regardless of being accompanied by asthma symptoms, need 
for additional asthma medication, or if considered medically relevant or not. “Severe” 
exacerbations were defined as the subset of exacerbations requiring initiation of 
treatment with systemic (including oral) corticosteroids or doubling of current oral 
corticosteroid dose for at least 3 days. Although the definition of a “severe” exacerbation 
is generally per consensus guidelines8, the majority of these exacerbations were 
defined by use of oral corticosteroids, rather than what might be considered the more 
“severe” aspect of the definition, specifically inpatient hospitalizations or ED visits. As a 
result, for the purposes of this review and to avoid confusion with the regulatory term 
“serious”, events meeting the aforementioned definition of any asthma exacerbation are 
referred to as “asthma worsening”, and the subset of exacerbations categorized as 
“severe” by the Applicant are referred to as simply “asthma exacerbations”. 

Trials 416 and 417 were each 48 weeks in duration and enriched with patients who had 
experienced one or more asthma exacerbations in the past year. Time to first asthma 

8 
Reddel et al. An official American Thoracic Society/European Respiratory Society statement: asthma 

control and exacerbations: standardizing endpoints for clinical asthma trials and clinical practice. Am J 
Respir Crit Care Med. 2009 Jul 1; 180 (1):59-99 
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exacerbation was the pre-specified primary endpoint for the pooled analysis. Once-daily 
treatment with SR 5 demonstrated a statistically significant improvement compared with 
placebo regarding time to first asthma exacerbation. In addition, fewer subjects 
experienced an asthma-related hospitalization in the SR 5 group compared to placebo. 
While trials 416 and 417 were the longest in duration and evaluated a clinically 
important event in difficult to control asthma, all subjects had fixed obstructive airway 
disease to the extent that would fulfill spirometric criteria for the diagnosis of COPD. 
Because SR 5 has already demonstrated efficacy for reducing exacerbations in COPD, 
the generalization of exacerbation data from these trials to broader asthma populations 
is problematic. In addition, neither of these trials evaluated SR 2.5 which consistently 
outperformed SR 5 with regard to FEV1 treatment effects. For these reasons, 
exacerbation data captured as a secondary endpoint in trials of moderate asthmatics 
(418, 419, and 444) were evaluated as well. 

In the pooled analysis of exacerbation data from trials 418 and 419, the risk of first 
asthma exacerbation was reduced in all active treatment arms compared to placebo 
with hazard ratios of 0.72, 0.50, and 0.75 for SR 5, SR 2.5, and salmeterol HFA groups, 
respectively. Although reported p-values are nominal, only SR 2.5 resulted in a 
statistically significant reduction in asthma exacerbations over placebo (95% CI 0.30, 
0.84; p=0.008). In trial 444 in adolescents, hazard ratios for time to first asthma 
exacerbation again favored active treatment over placebo, more so with SR 5 than SR 
2.5; however, neither reached statistical significance. These results suggest that there is 
no significant loss of efficacy between SR 5 and SR 2.5 with regard to reduction in 
asthma exacerbations. 

In sum, per my review of the efficacy data, SR 2.5 µg once daily appears to be the most 
appropriate dose for the treatment of persistent asthma on top of ICS therapy. While 
both SR doses demonstrated a modest, but statistically significant, effect on FEV1 in 
asthma, the spirometric data from phase 3 trials consistently indicate that SR 2.5 has an 
equivalent, if not improved, bronchodilator treatment effect compared to SR 5 with 
similar effects on reduction of asthma exacerbations. In adolescents, efficacy results 
were slightly more mixed; however, SR 2.5 demonstrated statistically significant 
improvements in the primary endpoint of FEV1 peak(0-3) in both trials and led to a 
decreased number of asthma exacerbations over placebo. Although only the 5 µg dose 
was evaluated in trials 416 and 417, which had the advantage of evaluating the greatest 
severity of disease for the longest duration, this patient population had fixed obstructive 
airway disease to the extent that would fulfill spirometric criteria for the diagnosis of 
COPD. As such, data from these trials play a supportive, but not decisive, role in 
demonstrating effectiveness of SR in asthma. Furthermore, the failure to evaluate SR 
2.5 in these trials does not provide a reasonable justification for selecting SR 5 for the 
proposed asthma population. 
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6.1 Indication 
The proposed dose and indication for Spiriva Respimat is µg once daily for the long-
term, once-daily, add-on maintenance treatment of asthma in patients 12 years of age 
and older who remain symptomatic on at least inhaled corticosteroids. 

. 

(b) 
(4)

(b) (4)

6.1.1 Methods 
In the Applicant’s asthma development program, all of the Phase 3 trials were 
randomized, double-blind, placebo-controlled, and parallel-group in design. The efficacy 
review is based on a total of seven trials: five trials in adults with severe (416/417), 
moderate (418/419), or mild (442) asthma and two trials in adolescents with severe 
(456) or moderate (444) asthma. 

Although the efficacy trials were relatively similar in design other than differences in 
asthma severity, background medications, and treatment duration as detailed in Section 
5.3 and summarized in Table 18 below, it is worth highlighting a few major differences. 
The replicate 48-week trials in adults with severe asthma (416 and 417) only evaluated 
SR 5, whereas all other trials included both SR 2.5 and SR 5 treatment arms. 
Additionally, replicate trials 418 and 419 in adults with moderate asthma also included 
salmeterol HFA, a product marketed outside the U.S., as an active treatment arm. 
Additionally, inclusion criteria for trials 416 and 417 required subjects to possess a post-
bronchodilator FEV1/FVC ≤ 70%. While a degree of fixed obstruction might be expected 
in a portion of severe, long-standing asthma patients, a fixed FEV1/FVC ratio is also the 
spirometric criterion required to make the diagnosis of COPD9. Table 17 lists the criteria 
for diagnosis of COPD as recommended in the 2015 report by the Global Initiative for 
Chronic Obstructive Lung Disease (GOLD). 

Table 17. GOLD Criteria for Diagnosis of COPD* 

Dyspnea that is: Progressive (worsens over time) 
Characteristically worse with exercise 
Persistent 

Chronic cough: May be intermittent and may be unproductive 
Chronic sputum production: 

Any pattern of chronic sputum production may indicate COPD 
History of exposure to risk factors: 

Tobacco smoke (including popular local preparations) 
Smoke from home cooking and heating fuels 
Occupational dusts and chemicals 

Family history of COPD 
Spirometry (required): Post-bronchodilator fixed ratio of FEV1/FVC < 0.70 
*COPD should be considered and spirometry performed if any of these indicators are present in an individual 
over age 40. While the indicators are not diagnostic themselves, the presence of multiple key indicators 
increases the probability of a diagnosis of COPD. Spirometry is required to establish a diagnosis of COPD. 
Source: 2015 Gold Report, Table 2.1, p10 

9 
www.goldcopd.org 
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While the Applicant has submitted a number of trials to support the proposed indication 
in asthma patients, their approach was untraditional. Typically, asthma development 
programs are encouraged/required to evaluate the full spectrum of asthma severities to 
inform product labeling even if approval is only for a subset of the population. 
Particularly for drugs that are developed as bronchodilators, this approach allows an 
evaluation of the optimal bronchodilator response in “naive” asthmatics who are not on 
background asthma medications such as ICS. A limited study in adult males with mild 
intermittent asthma was conducted with SHH, but no such study exists with SR. In 
addition, as mentioned in Section 4.4.2, most of the phase 2 dose-ranging/regimen 
studies were conducted concurrently with or after the phase 3 confirmatory trials. Table 
18 highlights the key differences among the phase 3 efficacy trials. 
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Figure 14. FEV1 Time Profile Curves (weeks) 

A B 

C D 

E F 
Adjusted mean FEV1 peak(0-3h) response in liters at each visit in the FAS population. Adjusted for treatment, center, visit, baseline, 
treatment by visit and baseline by visit. 
A=Trial 416, B=Trial 417, C=Trial 418, D=Trial 419, E=Trial 442, F=Trial 444 
Sources: CSR 205.416 and 205.417, Figures 11.4.1.2.2:3; CSR 205.418 and 205.419, Figures 11.4.1.3.1:1; CSR 205.442, Figure 
11.4.1.2.3:1; CSR 205.444, Figure 11.4.1.3.1:1 

Unlike β2-agonists which have long-been established as bronchodilators in asthma, a 
similar beneficial role for anticholinergics in asthma has not yet been clearly 
demonstrated. Due to the modest benefit of SR on FEV1, an evaluation of the asthma 
exacerbations in this program is important to establishing a clinically meaningful benefit 
of SR for asthma, particularly given that trough FEV1 is considered a surrogate measure 
of efficacy for the reduction of asthma exacerbations. Although the Applicant pre-
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specified the time to first severe asthma exacerbation as a primary analysis for the 
pooled trial data from 416 and 417, exacerbations were also captured as secondary 
endpoints in the individual phase 3 trials and thus will be discussed in the following 
section. 

6.1.5 Analysis of Secondary Endpoints: Asthma Exacerbations 
Across trials, asthma exacerbations were defined in the protocol as follows: 

	 An episode of progressive increase in one or more asthma symptoms, like 
shortness of breath, cough, wheezing, or chest tightness, or some combination of 
these symptoms. Respiratory distress is common. The symptoms should be 
outside the patient’s usual range of day-to-day asthma and should last for at 
least two consecutive days 

And/or 
	 A decrease of patient’s best morning PEF of ≥30% from the patient’s mean 

morning PEF for at least two consecutive days. Relevant PEF deteriorations are 
marked on the AM3 data reports downloaded at each visit. During the treatment 
period, mean morning PEF was defined as the mean value of all best morning 
PEF values obtained during the complete screening period including the morning 
of Visit 2. 

“Severe” exacerbations were defined as the subset of exacerbations requiring initiation 
of treatment with systemic (including oral) corticosteroids or doubling of current oral 
corticosteroid dose for at least 3 days. Courses of corticosteroids separated by 1 week 
or more were treated as separate exacerbation events. 

An asymptomatic decrease in PEF was considered an asthma exacerbation per 
protocol regardless of being accompanied by asthma symptoms, need for additional 
asthma medication, or if considered medically relevant or not. At every AM3 download, 
the report included an alert section summarizing all relevant PEF-decreases that 
occurred since the last visit which the investigator reviewed with the patient to 
determine which alerts were valid. If a respiratory tract infection without asthma 
worsening was the reason of the PEF decrease (e.g., bronchitis), then this was 
documented as an AE, but not as an asthma exacerbation per protocol. 

Although using a decrease in PEF to facilitate early assessment of exacerbations and 
response to treatment may be useful in practice, particularly for patients who are “poor 
perceivers” of airflow obstruction, asymptomatic decreases in PEF do not represent 
clinically meaningful asthma exacerbations in a drug development program. Because 
there is no standardized definition of a severe exacerbation, this review will refer to 
events meeting the aforementioned definition of any asthma exacerbation as “asthma 
worsening” and to the subset of exacerbations categorized as “severe” by the Applicant 
as “asthma exacerbations”. Use of this terminology is intended to avoid confusion with 
the regulatory term “serious”, which would indicate an event leading to hospitalization, 
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intubation, or death. Since asthma worsenings were not considered clinically relevant, 
the focus of this review will be on asthma exacerbations that required treatment with 
systemic corticosteroids. Furthermore, this review explores the data to determine if 
there is a differential treatment effect on asthma exacerbations that meet the regulatory 
definition for a serious adverse event. 

Because the analyses of exacerbations were derived from pooled data rather than 

frequency of exacerbation events in the 12-week trials was too low to draw any 
conclusions; therefore, only data from the 24 to 48-week trials are presented in this 
review. 

Trials 416 and 417 were each 48 weeks in duration and enriched with patients who had 
experienced one or more asthma exacerbations in the past year. Time to first asthma 
exacerbation, defined as the time until at least 25% of patients had the event, from the 
pooled analysis is shown in the figure below. 

replicate trials, a reduction in exacerbations serves to support SR as a bronchodilator in 
asthma, . Although all trials 
captured exacerbations as a secondary endpoint using the same definition, the 

(b) (4)

Figure 15. Time to First Asthma Exacerbation: Trials 416 and 417 (pooled analysis) 

Source: Study 205.416 and 205.417 Combined CSR, Figure 15.2.1.1.1:1 

Once-daily treatment with SR 5 demonstrated a statistically significant improvement 
compared with placebo regarding time to first asthma exacerbation, which was 282 
days and 226 days for SR 5 and placebo, respectively. The hazard ratio for SR 5 versus 
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background therapy of medium-dose ICS. None of the trials were specifically enriched 
for patients with a history of frequent asthma exacerbations. 

Figure 16. Time to First Asthma Exacerbation: Trials 418 and 419 (pooled analysis) 

Source: Study 205.418 and 205.419 Combined CSR, Figure 11.4.1.2.1:1 

In the pooled analysis of exacerbation data from trials 418 and 419, the risk of first 
asthma exacerbation was reduced in all active treatment arms compared to placebo 
with hazard ratios of 0.72, 0.50, and 0.75 for SR 5, SR 2.5, and salmeterol HFA groups, 
respectively. Although reported p-values are nominal because there were no pre-
specified multiplicity corrections in place for secondary endpoints, only SR 2.5 resulted 
in a statistically significant reduction in asthma exacerbations over placebo (95% CI 
0.30, 0.84). This represents a 50% reduction in the risk of experiencing an asthma 
exacerbation for subjects treated with SR 2.5 compared with placebo (p=0.008). These 
results suggest that there is no significant loss of efficacy between SR 5 and SR 2.5 
with regard to reduction in exacerbations. 
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6.1.10 Additional Efficacy Issues/Analyses 
None 

7 Review of Safety 

Safety Summary 

This NDA submission contains adequate data to support the safety of Spiriva Respimat 
(b) (4)

2.5 µg once daily for the add-on maintenance treatment of asthma in patients 
12 years of age and older. The evidence for safety in this population is based on seven 
12 to 52-week trials in adults and two 12 to 48-week trials in adolescents, each in 
varying asthma severities. 

In this safety review, adults and adolescents were evaluated separately, and there were 
no major safety concerns or new safety signals identified in either population. No deaths 
were reported in any of the trials, and asthma-related AEs, including serious, non-
serious, and those leading to treatment withdrawal, generally occurred more frequently 
in the placebo groups. Regarding drug-class specific safety concerns, time-adjusted 
analyses revealed relatively low rates of systemic anticholinergic effects, such as dry 
mouth, with some evidence of a dose-dependent response between the 2.5 µg and 5 µg 
doses. Although cardiovascular safety was less of a concern following the completion 
and review of the TIOSPIR trial in COPD patients, the fact that very few MACE events 
occurred in the asthma trials with no apparent imbalance between treatment groups 
was nonetheless reassuring. 

Finally, in regard to dose selection in asthma, there is no evidence in this safety 
database to suggest that the higher 5 µg dose is unsafe, a fact that is not unexpected 
given the experience with SR 5 in COPD, which could be considered a more fragile 
population. However, even when taking into account the asthma severity and treatment 
duration of the trials which evaluated both doses of SR versus SR5 only, there is a 
dose-dependent increase in some anticholinergic side effects, common AEs, and 
asthma-related AEs. 

7.1 Methods 

7.1.1 Studies/Clinical Trials Used to Evaluate Safety 
The primary safety database provided by the Applicant included all parallel group Phase 
2 and 3 trials which are summarized with an enumeration of subjects in the following 
table. All trials were randomized, double-blind, placebo-controlled, and parallel group in 
design with a once daily dosing regimen for SR. Three of the trials (342, 442, and 464) 
were conducted entirely outside the U.S. Additionally, the study population in trial 342 
consisted of patients who were homozygous for arginine at the 16th amino acid position 
of the β2-adrenergic receptor (B16-Arg/Arg). Although supporting safety data from 
Phase 2 crossover trials were also available, the data did not alter the overall safety 
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presented in earlier sections of this review. Due to the international nature of this 
development program, an evaluation of racial subgroups was of particular interest, 
especially Black/African American subjects. As mentioned previously, the proportion of 
Black/African American subjects in the overall safety population (~3%) was much lower 
than the proportion of African Americans living in the United States (12-13%). However, 
the majority of Black/African American subjects in the clinical trial database were from 
the US/Canada (127 of 166 subjects). Although examination of racial subgroups was 
limited by the low number of Black/African American, there was no consistent pattern to 
suggest a differential safety profile in these populations. 

7.5.4 Drug-Disease Interactions 
The application included an analysis of adverse events based on history of 
cardiovascular disease as well as asthma severity and duration. There was no 
significant difference in overall AEs or cardiovascular AEs in those with a cardiac 
disease history. Relatively similar rates of types of AEs were seen across asthma 
disease severity or duration, although as would be expected, the number of asthma-
related AEs reported had a positive correlation with increasing asthma severity. 
Additionally, patients with mild asthma reported more asthma-related AEs during 
treatment with SR 2.5 compared with SR 5; however, the patients from trial 442 
contributed to a relatively small percentage of the overall number of asthma events. 

7.5.5 Drug-Drug Interactions
No formal drug-drug interaction studies were included in this submission. 

7.6 Additional Safety Evaluations 

7.6.1 Human Carcinogenicity 
No specific studies were conducted to assess carcinogenicity in humans. 

7.6.2 Human Reproduction and Pregnancy Data
No studies were conducted in pregnant women specifically. There was a single ectopic 
pregnancy reported in a patient treated with SR 2.5 µg and two spontaneous abortions 
reported in a placebo-treated patient and a salmeterol-treated patient. 

7.6.3 Pediatrics and Assessment of Effects on Growth 
The following section includes an analysis of adverse events in adolescent trials 444 
and 456. The demographic profile and extent of exposure in the adolescent safety 
population was discussed previously. 

Table 49 displays nonfatal SAEs in adolescents. Except for asthma, all of the SAEs 
occurred as single events. While the overall rate of SAEs in adolescents was relatively 
low, nominally more subjects in the SR treatment groups compared with placebo 
experienced an SAE. In contrast to the adult trials, the trend of fewer serious and 
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Table 55. Trials Included in 120-Day Safety Update 

Source: 4-month safety report 

In the completed trial (205.425), 101 subjects ages 6 to 11 years of age were 
randomized and treated with study medication. Approximately 10% of subjects from 
each treatment group experienced an AE, the most common (≥ 2 subjects) being 
nasopharyngitis, rhinitis, bronchitis, influenza, asthma, cough, and headache. There 
were no severe AEs, AE’s leading to discontinuation, deaths or nonfatal SAEs. 

In the three ongoing trials (205.443, 205.445, 205.446), a total of 733 pediatric subjects 
have been treated and included in the pooled safety analysis. Of these subjects, 343 
(47%) have reported at least one TEAE, the most common (≥ 5%) of which were 
asthma, decreased peak expiratory flow, nasopharyngitis, and viral respiratory tract 
infection. A total of 17 (2%) SAEs have been reported, nine of which were asthma-
related and three of which were appendicitis. The remainder of SAEs were single 
events. To date, there have been no treatment discontinuations due to an AE or deaths 
in any of the these trials. 

The information reported in the 120-day safety update is consistent with the adult and 
adolescent clinical trial data submitted to the original NDA and does not reveal any new 
safety concerns. 

8 Postmarket Experience 

SR 5 µg/day was approved in the U.S. for COPD on September 24, 2014 and has been 
marketed in Europe for COPD since 2007. Additionally, SHH for COPD was approved in 
Europe and the U.S. in 2001 and 2004, respectively. Although SR received marketing 
authorization for adults with asthma from the EMA in September 2014, the data lock 
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point for the Applicant’s post-marketing safety report occurred prior to approval for this 
indication. 

 patient-years for SR and  patient-
years for SHH. A query of BI’s Global Pharmacovigilance Database for case reports 
containing an indication for the PT “asthma” during this time period revealed a total of 
3509 individual case reports: 88 for SR, 2269 for SHH, and 1158 for Spiriva Unassigned 
or not otherwise specified. Regarding the SR case reports, only one involved a known 
pediatric patient (≤ 10 years of age); however, 36 cases did not contain a reported age. 
The most frequently reported AEs for SR were off-label use, cough, dry mouth, 
medication error, pneumonia, dysphonia, and drug ineffective. Overall, findings were 
similar to those in the controlled clinical trials, and analysis of the postmarketing safety 
data did not reveal any new safety concerns. 

From October 1, 2001 through September 30, 2013, the cumulative marketed patient 
(b) (4) (b) (4)

exposure is estimated to be 

9 Appendices 

9.1 Literature Review/References
The application included a listing of references but no systematic literature review. A 
PubMed search [search terms: tiotropium AND asthma; no limits] yielded 186 
references. These articles were reviewed briefly, many of which were publications of the 
clinical trials reviewed in this NDA, but no new information was identified that would 
change the risk/benefit assessment. 
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9.2 Labeling Recommendations 
Labeling discussions were ongoing at the time of this review. 
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9.3 Advisory Committee Meeting 

The Pulmonary and Allergy Drug Advisory Committee (PADAC) did not convene for this 
application because SR is already commercially available and because there was 
general agreement between the Applicant and the Agency regarding the overall efficacy 
and safety data in the proposed population of asthma patients, notwithstanding 
disagreement regarding the correct dose for patients with asthma. 
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