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Background 
A New Drug Application (NDA) for Combivent (NDA 21747) was originally submitted to the 
Food and Drug Administration (FDA) by on October 08, 2008. Following completion 
of the review, the FDA took a Complete Response action on August 07, 2009. The Agency 
concluded that the clinical program did not provide substantial evidence of safety to support 
long-term use of Combivent Respimat Inhalation Spray in patients with chronic obstructive 
pulmonary disease (COPD). While efficacy of Combivent Respimat Inhalation Spray had been 
demonstrated, there was no data beyond 12 weeks to support long-term use of the product in 
patients with COPD. 
 
Review Summary 
From a clinical pharmacology perspective, the original submission was deemed acceptable (refer 
to Clinical Pharmacology review by Dr. Partha Roy dated 06/02/2009). In the first cycle of 
review, initial labeling review was already completed by core disciplines and initial labeling 
edits and comments were communicated in the Complete Response letter. Clinical Pharmacology 
had the following comment following the initial review of the submitted label. 
 
In the proposed label under section 12.3, the sponsor had the following statement:  
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The label is still under active negotiation at the time of writing this review and hence final 
agreement on this issue has not been reached yet. Please refer to the Action Letter for final 
agreed upon labeling language. 
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1 Executive Summary 

1.1 Background 
COMBIVENT RESPIMAT is a combination inhaled product containing ipratropium 
bromide and albuterol (a.k.a salbutamol) sulfate in a sterile inhalation solution in the 
Respimat inhaler. It has been developed as a propellant-free replacement for 
COMBIVENT Inhalation Aerosol, which uses chlorofluorocarbon (CFC) propellants in a 
pressurized metered dose inhaler (pMDI), in preparation for the eventual removal of the 
Essential Use Status of COMBIVENT® Inhalation Aerosol. COMBIVENT RESPIMAT 
Inhalation Spray is indicated for use in COPD patients who are on a regular aerosol 
bronchodilator, who continue to have evidence of bronchospasm, and who require a 
second bronchodilator. 
 
The main objectives of this NDA are to demonstrate 1) comparable bronchodilator 
efficacy and safety of the new COMBIVENT RESPIMAT with the currently marketed 
COMBIVENT CFC-MDI, and 2) superior efficacy of the COMBIVENT drug 
combination over ipratropium bromide alone, both delivered by the RESPIMAT inhaler. 
COMBIVENT CFC-MDI 18/103 mcg is dosed as two inhalations four times a day, and 
thus each delivered dose (2 inhalations) contains 36 mcg of ipratropium bromide and 206 
mcg of albuterol sulfate resulting in a total daily delivered dosage of 144 mcg of 
ipratropium bromide and 824 mcg of albuterol sulfate. 
 
According to the sponsor, the RESPIMAT inhaler is a multi-dose, oral inhalation device 
that uses mechanical energy instead of a propellant gas to generate a slow moving cloud 
of medication from a metered volume of drug solution. Each actuation from the 
COMBIVENT RESPIMAT inhaler delivers 20 mcg of ipratropium bromide and 100 mcg 
of albuterol base in 11.4 µL of solution from the mouthpiece. The dose of COMBIVENT 
RESPIMAT is one inhalation four times a day.  
 
This review focuses on the following three clinical pharmacology aspects of the 
development program: 1) final dose selection of COMBIVENT RESPIMAT, 2) 
evaluation of comparative systemic exposure of ipratropium and albuterol delivered from 
the CFC-MDI device vs. RESPIMAT device, and 3) assessment of age and gender effects 
on pharmacokinetics (PK) of these drugs.     

1.2 Recommendation 
The Office of Clinical Pharmacology /Division of Clinical Pharmacology 2 (OCP/DCP-
2) has reviewed NDA21-747 submitted on October 08, 2008 and finds it acceptable 
provided that a mutually satisfactory agreement can be reached between the sponsor and 
the Agency regarding the language in the package insert. 

1.3 Summary of Clinical Pharmacology Findings 
Dose Selection 

Dose selection for the Phase 3 COMBIVENT RESPIMAT clinical program was based on 
the efficacy and pharmacokinetic (PK) results from the dose-ranging studies conducted 
with single-ingredient RESPIMAT products, ipratropium RESPIMAT and albuterol 
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RESPIMAT. Dose selection was primarily based on two Phase 2, single-dose, dose-
response studies in patients with COPD, namely ipratropium RESPIMAT Trial 244.2447 
and albuterol RESPIMAT Trial 243.7 with additional information from other trials. 
 
In Trial 244.2447, a Phase 2, dose-response study in COPD patients, single doses of 20 
mcg and 40 mcg of ipratropium bromide administered with the RESPIMAT inhaler were 
both comparable in FEV1 response to single dose of 36 mcg of ipratropium CFC-MDI. In 
addition, mean total amounts of drug excreted in urine from ipratropium RESPIMAT 10 
mcg and 20 mcg were found to be comparable to ipratropium CFC-MDI 18 mcg and 36 
mcg, respectively, while RESPIMAT 40 mcg resulted in twice the urinary amount of 
drug compared to that of 36 mcg CFC-MDI. 
 
In Trial 243.7, a Phase 2, dose-response study in COPD patients, single doses of albuterol 
RESPIMAT 50, 100 and 200 mcg differed little for bronchodilatory effect, indicating that 
all these doses are at the top of the dose response curve. Based on the ratios of mean 
amount of albuterol excreted in urine, CFCMDI 90 mcg dose was comparable to 
albuterol RESPIMAT 50 mcg while the CFCMDI 180 mcg dose was comparable to 
albuterol RESPIMAT 200 mcg with minimal difference between albuterol RESPIMAT 
100 and 200 mcg doses. 
 
Based on these single-ingredient trials and keeping with the 1:5 ratio of ipratropium 
bromide to albuterol found in COMBIVENT CFC-MDI, the dose combination of 40 mcg 
of ipratropium bromide and 200 mcg of albuterol was chosen for subsequent testing in 
the Phase 3 trial 1012.46, which was initially intended to be the pivotal safety and 
efficacy trial.  
 
The efficacy results from Trial 1012.46 concluded that the FEV1 response of 
COMBIVENT RESPIMAT (AUC0-6h) was comparable to COMBIVENT CFC-MDI 
36/206 mcg on Test Day 1 with slightly higher lung-function responses in the 
RESPIMAT 40/200 mcg group on subsequent test days. The PK evaluations revealed 
considerably higher steady state systemic exposures [peak plasma drug concentration 
(Cmaxss), area under the plasma drug concentration-time curve (AUCss), urinary drug 
excretion] for both drug components with the RESPIMAT inhaler in comparison to the 
CFC-MDI inhaler in the range of 2.8 to 4.6-fold greater exposures for ipratropium and 
1.26 to 1.62 greater exposures for albuterol. 
 
The efficacy and PK results from this 1012.46 trial prompted selection of a lower 
combination dose of COMBIVENT RESPIMAT (20 mcg of ipratropium bromide and 
100 mcg of albuterol) for testing in the pivotal Phase 3 trial 1012.56. COMBIVENT 
RESPIMAT 20/100 mcg also maintains the 1: 5 ratio of ipratropium bromide to albuterol 
consistent with the reference marketed product COMBIVENT CFC-MDI (36 mcg of 
ipratropium and 180 mcg of albuterol base). Therefore, the selection of the 20 mcg dose 
of ipratropium with 100 mcg of albuterol in the RESPIMAT device for further testing in 
the pivotal Phase 3 trial (1012.56) appears reasonable. The PK results from the trial 
1012.56 demonstrated comparable systemic exposures for ipratropium between 
COMBIVENT RESPIMAT 20/100 mcg and COMBIVENT CFC-MDI 36/206 mcg 
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treatments while for albuterol, systemic exposure from COMBIVENT RESPIMAT 
20/100 mcg was less than that from COMBIVENT CFC-MDI 36/206 mcg, indicating no 
additional drug burden from the proposed product compared to the currently marketed 
product. The efficacy results of this pivotal trial are further discussed in the Medical 
Officer’s Review. 
 
Comparative Bioavailability 

Comparative bioavailability at steady-state was assessed in the pivotal Phase 3 trial 
1012.56 where PK analyses were conducted on the steady-state concentrations of plasma 
ipratropium and albuterol and 0 to 6 hour renal excretion of the test drugs over one 
dosing interval after 4 weeks of therapy for a subset of 162 patients from U.S. sites. PK 
measures (Cmaxss, AUCss, and amount of drug renally excreted over one dosing interval 
at steady state) were summarized descriptively (Table 1). PK comparability of the 
COMBIVENT RESPIMAT 20/100 mcg (n = 52) to the marketed reference, 
COMBIVENT CFC MDI 36/206 mcg (n = 56), as well as to the ipratropium RESPIMAT 
20 mcg monotherapy (n = 54), was evaluated. 

For ipratropium, the two combination products (Respimat and CFC MDI) were found to 
be comparable for all PK measures with ratios very close to unity (Table 1). Ipratropium 
systemic exposure (Cmax and AUC) was also found to be comparable between 
COMBIVENT RESPIMAT 20/100 mcg and ipratropium RESPIMAT 20 mcg indicating 
lack of any effect of albuterol on the systemic exposure of ipratropium bromide. 

For albuterol, the systemic exposure following COMBIVENT RESPIMAT 20/100 mcg 
dosing was about 25% less than the systemic exposure following dosing with the 
marketed reference, COMBIVENT CFC-MDI 36/206 mcg (Table 1). 
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Table 1. Summary of plasma PK parameters (geometric mean with 90% confidence 
interval) for ipratropium and albuterol at steady-state 

Treatment 
AUC 

pg*h/mL (IPT) 
ng*h/mL (ALB) 

Cmax 
pg/mL (IPT) 

ng/mL (ALB) 

Cmin 
pg/mL (IPT) 

ng/mL (ALB) 
Ipratropium (IPT) 
CVT Respimat 
20/100 mcg (n = 52) 

127.51 
(110.24 – 147.48) 

33.46 
(28.94 – 38.69) 

15.25 
(13.76 – 16.92) 

CVT CFC-MDI 
36/206 mcg (n = 56) 

122.59 
(106.97 – 140.50) 

33.80 
(29.40 – 38.86) 

16.08 
(14.56 – 17.76) 

IPT Respimat 
20 mcg (n = 54) 

115.42 
(100.57 – 132.47) 

35.11 
(30.54 – 40.37) 

14.84 
(13.43 – 16.39) 

CVT Respimat / 
CVT CFC-MDI 1.04 0.99 0.95 

Albuterol (ALB) 
CVT Respimat 
20/100 mcg (n = 52) 

4.09 
(3.54 – 4.72) 

0.91 
(0.79 – 1.04) 

0.43 
(0.36 – 0.52) 

CVT CFC-MDI 
36/206 mcg (n = 56) 

5.52 
(4.82 – 6.34) 

1.20 
(1.05 – 1.37) 

0.60 
(0.51 – 0.72) 

CVT Respimat / 
CVT CFC-MDI 0.74 0.76 0.71 

 
As supportive data, comparison of total amount of drugs collected in urine from the 
COMBIVENT RESPIMAT 20/100 mcg to the marketed reference, COMBIVENT CFC-
MDI 36/206 mcg and the mono-component ipratropium RESPIMAT 20 mcg is presented 
in Table 2. Urine PK results are generally supportive of the plasma data showing 
comparable amount of urinary ipratropium between the two Combivent formulations 
while the amount of albuterol in urine was less from the RESPIMAT device compared to 
that of the CFC MDI device. 
 
In conclusion, the comparability of the ipratropium systemic exposure between the 
proposed COMBlVENT RESPIMAT 20/100 mcg and the marketed reference, 
COMBIVENT CFC-MDI 36/206 mcg and less systemic exposure for albuterol from the 
RESPIMAT device compared to the marketed CFC-MDI device demonstrates that the 
dose combination of 20/100 mcg chosen for COMBIVENT RESPIMAT should not pose 
any additional systemic drug burden for both drug components compared to the marketed 
product. Therefore, the proposed product is not expected to exhibit any systemic safety 
concern that is not already experienced with the marketed CFC-MDI product. 
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Table 2. Ratios of the amount (mcg) of ipratropium and albuterol collected in the urine 
between treatments at steady-state (Trial 1012.56). 

Treatment Ae(0-2h) Ae(0-6h) 

Ipratropium (IPT) 
CVT Respimat / 
CVT CFC-MDI 1.08 1.18 

IPT Respimat / 
CVT Respimat 0.97 0.91 

Albuterol (ALB) 
CVT Respimat / 
CVT CFC-MDI 0.72 0.86 
Ae(0-2h): amount of drug excreted in 2 hours; Ae(0-6h): amount of drug excreted in 6 hours 
 
Effect of age and gender 

For both ipratropium and albuterol, gender had minimal effect on systemic exposure 
following repeated administration of COMBIVENT RESPIMAT 20/100 mcg in the Trial 
1012.56. However, for both drugs, patients 65 years of age or older exhibited higher 
systemic exposures than their younger (< 65 years) counterparts. At steady state, AUC 
estimates for patients ≥ 65 years were 58% and 66% higher than those for patients < 65 
years for ipratropium and albuterol, respectively. The Cmax and urinary excretion 
(Ae(0-6h)) data also supported this trend. Given similar age effect observed with the 
marketed Combivent CFC-MDI product in the Trial 1012.56, this difference in systemic 
exposure between young and elderly patients does not warrant a dose adjustment for the 
elderly group. Since both drugs are primarily eliminated via kidney, it is not surprising to 
observe higher systemic exposure in elderly patients, a finding consistent with widely 
accepted phenomenon of renal impairment with age. 





9 

use with one cartridge. The inhaler and cartridge have been developed to deliver 120 
metered actuations, which is equivalent to four actuations a day for a supply of 30 days. 
 
2.1.3 What are the proposed mechanism of action and therapeutic indications? 
 
Ipratropium bromide is an anticholinergic (parasympatholytic) agent which, based on 
animal studies, appears to inhibit vagally-mediated reflexes by antagonizing the action of 
acetylcholine, the transmitter agent released at the neuromuscular junctions in the lung. 
Albuterol is a short-acting β2-adrenergic receptor agonist used for the relief of 
bronchospasm. Activation of beta2-adrenergic receptors on airway smooth muscle leads 
to the activation of adenylyl cyclase and an increase in the intracellular concentration of 
cyclic AMP.  This increase of cyclic AMP leads to the lowering of intracellular ionic 
calcium concentrations, resulting in relaxation. Albuterol relaxes the smooth muscles of 
all airways, from the trachea to the terminal bronchioles. 
 
COMBIVENT RESPIMAT Inhalation Spray is indicated for use in patients with COPD 
who are on a regular aerosol bronchodilator, who continue to have evidence of 
bronchospasm and who require a second bronchodilator.  
 
2.1.4 What are the proposed dosage(s) and route(s) of administration? 
 
COMBIVENT RESPIMAT is intended for oral inhalation only. Each actuation of the 
COMBIVENT RESPIMAT inhaler provides a delivered dose of 20 mcg of ipratropium 
bromide and 100 mcg of albuterol base (which is the molar equivalent to 120 mcg of 
albuterol sulfate) from the mouthpiece. The intended dosage of COMBIVENT 
RESPIMAT is four inhalations a day, and thus the proposed total daily delivered dosage 
is 80 mcg of ipratropium bromide and 400 mcg of albuterol. 
 

2.2 General Clinical Pharmacology 
 
2.2.1 What clinical studies were submitted in this NDA? 
 
Table 3 lists all the clinical trials included in this NDA. Two Phase 3 trials (the 
supportive trial 1012.46 with COMBIVENT RESPIMAT 40/200 mcg and the pivotal 
trial 1012.56 with COMBIVENT RESPIMAT 20/100 mcg) were the key trials conducted 
to provide three critical safety and efficacy comparisons: 
 

1. COMBIVENT RESPIMAT compared with COMBIVENT CFC-MDI to establish 
a comparability to the 40/200 mcg dose in Trial 1012.46 and non-inferiority to the 
20/100 mcg dose in Trial 1012.56. 

2. COMBVIENT RESPIMAT (401200 mcg or 20/100 mcg) compared with 
ipratropium RESPIMAT (40 mcg or 20 mcg) to establish superiority of the drug 
combination over the single drug ipratropium bromide (Trials 1012.46 and 
1012.56). 



10 

3. COMBIVENT RESPIMAT 40/200 mcg compared with placebo RESPIMAT to 
establish the superiority of COMBIVENT over placebo (Trial 1012.46). 

 
Table 3.  List of clinical trials included in the COMBIVENT RESPIMAT NDA 

 
 
There are four supporting trials involving single ingredient products that provided data to 
support dose selection in Phase 3 trials. Particularly, dose selection of each drug 
component in COMBIVENT RESPIMAT was based on two Phase 2, single-dose, 
crossover, dose-response studies in patients with COPD: Trial 244.2447 (supporting 
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Table 4.  Equivalence assessment for adjusted mean FEV1 AUC0-6h following single dose 
administration of ipratropium. 

 
 
In comparison to the ipratropium CFC-MDI 36 mcg dose, the ipratropium RESPIMAT 
20 mcg dose resulted in almost 2-fold greater median unchanged drug excreted in urine 
over 24 hours while the ipratropium RESPIMAT 40 mcg dose resulted in about 2.5-fold 
as much (Table 5). On the other hand, mean total amounts of drug excreted in urine were 
found to be about 25% greater from ipratropium RESPIMAT 10 mcg and 20 mcg 
compared to ipratropium CFC-MDI 18 mcg and 36 mcg, respectively (Table 5), which is 
considered sufficiently comparable between these dose strengths (10 mcg to 18 mcg and 
20 mcg to 36 mcg) delivered from two inhaler devices such as RESPIMAT and CFC-
MDI.  
 
Table 5.  Amount of ipratropium excreted unchanged in urine during 24 hours after 
single dose administration 
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In Trial 243.7, a Phase 2, single dose, dose-response study in COPD patients, all six 
active treatments (i.e. albuterol RESPIMAT 25, 50, 100, or 200 mcg and albuterol 
CFC-MDI 90 mcg or 180 mcg) were more efficacious than the placebo treatment. 
Albuterol RESPIMAT doses (i.e., 25 mcg, 50 mcg, 100 mcg, and 200 mcg) showed a 
pattern of increasing efficacy with increasing doses. Therapeutic equivalence tests (two 
treatments were considered equivalent if the 90% confidence interval for the treatment 
difference was completely within the equivalence region of ±0.05 L) for average FEV1 
(AUC0-6h) indicated that albuterol RESPIMAT doses of 50 mcg, 100 mcg and 200 mcg 
were statistically equivalent to albuterol CFC-MDI 90 mcg dose while only the albuterol 
RESPIMAT 200 mcg dose was statistically equivalent to the albuterol CFC-MDI 180 
mcg dose. Several secondary endpoints indicated that the albuterol RESPIMAT 100 and 
200 mcg doses differed little for bronchodilatory effect, indicating that both these doses 
are at the top of the dose response curve. 
 
Table 6.  Equivalence assessment for adjusted mean FEV1 AUC0-6h following single dose 
administration of albuterol. 

 
 
The amount of albuterol excreted in the first 30 minutes following inhalation is assumed 
to be a representation of the total albuterol absorbed systemically that has not undergone 
gastrointestinal absorption or in other words, via inhalation absorption. Based on the 
ratios of mean and median amount excreted for the albuterol dose, the RESPIMAT 
device doses of 100 mcg and 200 mcg gave comparable amounts excreted in urine over 
the first 30 minutes as the comparable CFC-MDI doses of 90 mcg and 180 mcg, 
respectively (Table 7). The corresponding plasma concentration data in Table 8 illustrates 
similar results. 
 
 



14 

 
 
Table 7.  Amount of albuterol excreted unchanged in urine within the first 30 minutes 
(inhalation absorption only) after single dose administration 

 
 
Table 8.  Median plasma albuterol concentrations at 30 minutes following Inhalation 
administration of albuterol treatments 
Treatment N Concentration (ng/mL) at 30 min 
RESPIMAT, 25 mcg 30 Baseline 
RESPIMAT, 50 mcg 28 0.5 
RESPIMAT, 100 mcg 29 0.72 
RESPIMAT, 200 mcg 28 1 
CFC MDI, 90 mcg 29 0.69 
CFC MDI, 180 mcg 27 0.99 
 
Based on these single-ingredient trials and the intended conservation of the 1:5 ratio of 
ipratropium bromide to albuterol that is found in COMBIVENT CFC-MDI as well as the 
marketed mono-products, the dose combination of 40 mcg of ipratropium bromide and 
200 mcg of albuterol was chosen for testing in the Phase 3 trial 1012.46, a 3-month, 
multiple dose, placebo-controlled study initially determined to be the pivotal safety and 
efficacy trial comparing COMBIVENT RESPIMAT 40/200 mcg with COMBIVENT 
CFC-MDI 36/206 mcg and ipratropium RESPIMAT 40 mcg (1:1 dose ratio of each 
component RESPIMAT to CFC-MDI) in patients with COPD.  
 
The efficacy results from Trial 1012.46 concluded that the FEV1 response of 
COMBIVENT RESPIMAT (AUC0-6h) was comparable to COMBIVENT CFC-MDI 
36/206 mcg on Test Day 1 with slightly higher lung-function responses in the 
RESPIMAT 40/200 mcg group on subsequent test days. The PK evaluations also 
revealed higher steady state exposures for both drug components with the RESPIMAT 
inhaler in comparison with comparable doses for the CFC-MDI inhaler in the range of 
2.8 to 4.6 greater exposures for ipratropium and 1.26 to 1.62 greater exposures for 
albuterol (see Table 9). 
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Table 9. Comparison of geometric mean ratios for albuterol (a.k.a salbutamol) and 
ipratropium systemic exposure from the treatments in Trial 1012.46. 

 
 
 
The efficacy as well as PK results from this 1012.46 trial prompted selection of a lower 
combination dose of COMBIVENT RESPIMAT (20 mcg of ipratropium bromide and 
100 mcg of albuterol) for testing in the subsequent Phase 3 trial 1012.56. This dose 
combination (20/100 mcg) is expected to exhibit a better match for systemic exposure 
with COMBIVENT CFC-MDI 36/206 mcg than the 40/200 mcg dose combination. In 
addition, 40/200 mcg compared to COMBIVENT CFC-MDI 36/206 mcg did not yield 
significantly greater efficacy relative to 20/100 mcg (Tables 4 and 6), indicating a 
shallow dose response curve. This dose combination also maintains the 1: 5 ratio of 
ipratropium bromide to albuterol consistent with the reference marketed product 
COMBIVENT CFC-MDI (36 mcg of ipratropium and 180 mcg of albuterol base). Based 
on the results discussed above, this reviewer finds the Phase 3 dose selection strategy 
acceptable. 
 
The pivotal trial 1012.56 evaluated the comparability of COMBIVENT RESPIMAT 
20/100 mcg with COMBIVENT CFC-MDI 36/206 mcg and the superiority of 
COMBIVENT RESPIMAT 20/100 mcg in relation to ipratropium RESPIMAT 20 mcg. 
The results from this trial demonstrated that following chronic inhalation administration 
(day 85), COMBIVENT RESPIMAT 20/100 mcg had comparable efficacy to 
COMBIVENT CFC-MDI 36/206 mcg with respect to FEV1 AUC0-6h, superior efficacy 
to the mono-component ipratropium RESPIMAT 20 mcg with respect to FEV1 AUC0-4h 
and comparable efficacy to  ipratropium RESPIMAT 20 mcg with respect to FEV1 
AUC4-6h. In addition, the PK results demonstrated comparable systemic exposures for 
ipratropium following all treatments while for albuterol, systemic exposure from 
COMBIVENT RESPIMAT was less than that from the marketed reference, 
COMBIVENT CFC-MDI 36/206 mcg, indicating no additional drug burden from the 
proposed product compared to the currently marketed product. The efficacy results of this 
pivotal trial are further discussed in the Medical Officer’s Review. 
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2.3 Intrinsic Factors 
2.3.1 What is the effect of age and gender on the systemic exposure of ipratropium 

bromide and albuterol and thereby any impact on efficacy and/or safety? 
 
Based on the PK measures obtained from trial 1012.56, gender had minimal effect on 
systemic exposure on both ipratropium and albuterol (Table 10) following repeated 
administration of COMBIVENT RESPIMAT 20/100 mcg. However, for both drugs, 
patients who were 65 years of age or older exhibited higher systemic exposures than 
those from their younger counterparts. At steady state, AUC estimates for patients ≥ 65 
years were 58% (ipratropium) and 66% (albuterol) higher than that for patients < 65 years. 
The Cmax and Ae(0-6) data also supported this trend. This age effect observed with 
COMBIVENT RESPIMAT in the 1012.56 trial is consistent with the PK results observed 
from 56 patients using the marketed product COMBIVENT CFC-MDI 36/206 mcg from 
the same trial.   
 
In addition, PK data from the supporting Phase 3 trial 1012.46, also supported the 
conclusion of age effect on the pharmacokinetics of ipratropium and albuterol, with the 
exception of ipratropium Cmax (Table 11). Higher systemic ipratropium exposures in 
patients aged 65 years and older were also observed following inhalation administration 
of the monoproduct ipratropium RESPIMAT (data not shown). Since this difference in 
systemic exposure between young and elderly patients has been observed with the 
marketed COMBIVENT CFC-MDI product where no dose adjustment was 
recommended in elderly patients, this age effect observed with COMBIVENT 
RESPIMAT also does not warrant a dose adjustment for this patient group. 
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Table 10.  Effect of age and gender on steady-state PK (geometric mean, range) of 
ipratropium and albuterol following administration of COMBIVENT RESPIMAT 20/100 
mcg 

Subgroup 
AUC 

pg*h/mL (IPT) 
ng*h/mL (ALB) 

Cmax 
pg/mL (IPT) 

ng/mL (ALB) 

Ae(0-6) 
(mcg) 

Ipratropium (IPT) 

Female (n = 25) 123 
(55 – 578) 

31.7 
(10.7 – 192) 

1.27 
(0.20 – 6.8) 

Male (n = 26) 131 
(65 – 390) 

35.4 
(12.5 – 87) 

2.05 
(0.14 – 23.7) 

Age < 65y (n = 29) 105 
(55 – 278) 

30.1 
(10.7 – 79.3) 

1.48 
(0.14 – 6.8) 

Age ≥ 65y (n = 22) 166 
(65 – 578) 

38.5 
(10.7 – 192) 

1.9 
(0.43 – 23.7) 

Albuterol (ALB) 

Female (n = 25) 4.2 
(1.68 – 25.3) 

0.93 
(0.31 – 5.55) 

26.4 
(2.31 – 191) 

Male (n = 26) 4.0 
(1.16 – 19.0) 

0.89 
(0.34 – 3.63) 

42.6 
(10.8 – 355) 

Age < 65y (n = 29) 3.3 
(1.16 – 13.9) 

0.74 
(0.31 – 2.88) 

29.2 
(2.31 – 156) 

Age ≥ 65y (n = 22) 5.4 
(1.38 – 25.3) 

1.19 
(0.34 – 5.55) 

41.7 
(6.58 – 355) 

Ae(0-6h): amount of drug excreted in 6 hours 
 
Table 11.  Effect of age on steady-state PK (geometric mean, range) of ipratropium (IPT) 
and albuterol (ALB) following administration of COMBIVENT RESPIMAT 40/200 mcg 
in Trial 1012.46. 

Drug N Dose 
(mcg) 

Group AUC 
pg*h/mL (IPT) 

ng*h/mL (ALB) 

Cmax 
pg/mL (IPT) 

ng/mL (ALB) 

Ae(0-8) 
mcg 

IPT 29 40 <65y 273.4 87.5 4.3 
 19 40 ≥65y 310.7 82.3 5.7 

ABT 29 200 <65y 7.7 1.51 53.3 
 19 200 ≥65y 9.6 2.02 70.1 

 

2.4 Extrinsic Factors 

2.4.1 Does the presence of albuterol affect the PK of ipratropium bromide and vice 
versa? 

Ipratropium and albuterol have been already combined in the approved COMBIVENT 
Inhalation Aerosol (CFC MDI product). Under the original submission for NDA 20291 



18 

S000 for COMBIVENT Inhalation Aerosol, the PK interaction had been evaluated in a 
crossover study in healthy subjects comparing bioavailability of COMBIVENT CFC-
MDI to the two active components administered individually and the conclusion was that 
the co-administration of ipratropium bromide and albuterol sulfate did not significantly 
alter the systemic absorption of either component, indicating lack of any PK interaction 
between these two drugs. 
  
Within the present submission, ipratropium systemic exposure (Cmax and AUC) at 
steady state (trial 1012.56) were found to be comparable between COMBIVENT 
RESPIMAT 20/100 mcg (combination) and Ipratropium RESPIMAT 20 mcg (alone) 
indicating that albuterol did not have any effect on the systemic exposure of ipratropium 
bromide (Table 12). The urine data presented in Table 12 also supported the conclusion 
reached from the plasma data. 
 
Table 12. Plasma and urine PK parameters (geometric mean with 90% confidence 
interval) for ipratropium between ipratropium/albuterol combination (COMBIVENT 
RESPIMAT) and ipratropium alone (ipratropium RESPIMAT) at steady-state (trial 
1012.56) 

Treatment 
AUC 

pg*h/mL (IPT) 
ng*h/mL (ALB) 

Cmax 
pg/mL (IPT) 
ng/mL (ALB) 

Cmin 
pg/mL (IPT) 
ng/mL (ALB) 

Plasma 
CVT Respimat 
20/100 mcg (n = 52) 

127.51 
(110.24 – 147.48) 

33.46 
(28.94 – 38.69) 

15.25 
(13.76 – 16.92) 

IPT Respimat 
20 mcg (n = 54) 

115.42 
(100.57 – 132.47) 

35.11 
(30.54 – 40.37) 

14.84 
(13.43 – 16.39) 

 Amt excreted in 2 hrs 
(mcg) 

Amt excreted in 6 hrs 
(mcg) 

Urine 
CVT Respimat 
20/100 mcg (n = 52) 

0.75 
(0.55 – 1.01) 

1.66 
(1/30 – 2.13) 

IPT Respimat 
20 mcg (n = 54) 

0.72 
(0.54 – 0.97) 

1.51 
(1.19 – 1.92) 

 

2.5 General Biopharmaceutics 

2.5.1 What is the relative bioavailability of ipratropium bromide and albuterol 
delivered in combination from COMBIVENT RESPIMAT compared to the 
marketed product COMBIVENT CFC MDI in COPD patients? 

 
The sponsor requested a biowaiver for a dedicated comparative bioavailability study, which 
would not be needed for a locally acting drug product like COMBIVENT RESPIMAT. 
Steady-state PK assessments of ipratropium and albuterol were conducted for both the 
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COMBIVENT drug products in two Phase 3 trials along with several supporting clinical 
trials where comparative PK data was determined for RESPIMAT and CFC-propelled 
inhalers at the doses evaluated in the pivotal clinical trial. 
 
Relative bioavailability at steady-state was assessed in the pivotal Phase 3 trial 1012.56 
where PK analyses were conducted on the steady-state concentrations of plasma 
ipratropium and albuterol and 0 to 6 hour renal excretion of the test drugs over one 
dosing interval after 4 weeks of therapy for a subset of 162 patients from U.S. sites. PK 
comparability of the COMBIVENT RESPIMAT 20/100 mcg (n = 52) to the marketed 
reference, COMBIVENT CFC MDI 36/206 mcg (n = 56), as well as ipratropium 
RESPIMAT 20 mcg monotherapy (n = 54), was evaluated. 

For ipratropium, the two combination products (RESPIMAT and CFC MDI) were found 
to be comparable for all PK measures with ratios very close to unity (Table 12). For 
albuterol, the systemic exposure obtained for albuterol following COMBIVENT 
RESPIMAT 20/100 mcg dosing was about 25% less than the systemic exposure 
following dosing with the marketed reference, COMBIVENT CFC-MDI 36/206 mcg 
(Table 13). 

 
Table 13. Summary of plasma PK parameters (geometric mean with 90% confidence 
interval) for ipratropium and albuterol at steady-state 

Treatment 
AUC 

pg*h/mL (IPT) 
ng*h/mL (ALB) 

Cmax 
pg/mL (IPT) 

ng/mL (ALB) 

Cmin 
pg/mL (IPT) 

ng/mL (ALB) 
Ipratropium (IPT) 
CVT Respimat 
20/100 mcg (n = 52) 

127.51 
(110.24 – 147.48) 

33.46 
(28.94 – 38.69) 

15.25 
(13.76 – 16.92) 

CVT CFC-MDI 
36/206 mcg (n = 56) 

122.59 
(106.97 – 140.50) 

33.80 
(29.40 – 38.86) 

16.08 
(14.56 – 17.76) 

IPT Respimat 
20 mcg (n = 54) 

115.42 
(100.57 – 132.47) 

35.11 
(30.54 – 40.37) 

14.84 
(13.43 – 16.39) 

CVT Respimat / 
CVT CFC-MDI 1.04 0.99 0.95 

Albuterol (ALB) 
CVT Respimat 
20/100 mcg (n = 52) 

4.09 
(3.54 – 4.72) 

0.91 
(0.79 – 1.04) 

0.43 
(0.36 – 0.52) 

CVT CFC-MDI 
36/206 mcg (n = 56) 

5.52 
(4.82 – 6.34) 

1.20 
(1.05 – 1.37) 

0.60 
(0.51 – 0.72) 

CVT Respimat / 
CVT CFC-MDI 0.74 0.76 0.71 

 
As supportive data, comparison of total amount of drugs collected in urine from the 
COMBIVENT RESPIMAT 20/100 mcg to the marketed reference, COMBIVENT CFC-
MDI 36/206 mcg and the mono-component ipratropium RESPIMAT 20 mcg is presented 
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in Table 14. Urine PK results are generally supportive of the plasma data showing 
comparable amount of ipratropium collected in urine between the two COMBIVENT 
formulations while the amount of albuterol in urine was less from RESPIMAT device 
compared to that from CFC MDI device. 
 
In conclusion, the comparable systemic exposure of ipratropium between COMBlVENT 
RESPIMAT 20/100 mcg and the marketed reference, COMBIVENT CFC-MDI 36/206 
mcg and less exposure of albuterol from COMBlVENT RESPIMAT 20/100 mcg than 
that from the marketed reference should not pose any additional systemic safety concerns 
that are not already experienced with the marketed CFC-MDI product.  
 
Table 14. Amount of ipratropium and albuterol collected in urine (geometric mean with 
90% confidence interval) at steady-state. 

Treatment Ae(0-2h) 
(mcg) 

Ae(0-6h) 
(mcg) 

Ipratropium (IPT) 
CVT Respimat 
20/100 mcg (n = 52) 

0.75 
(0.55 – 1.01) 

1.66 
(1/30 – 2.13) 

CVT CFC-MDI 
36/206 mcg (n = 56) 

0.69 
(0.52 – 0.92) 

1.41 
(1.12 – 1.77) 

IPT Respimat 
20 mcg (n = 54) 

0.72 
(0.54 – 0.97) 

1.51 
(1.19 – 1.92) 

CVT Respimat / 
CVT CFC-MDI 1.08 1.18 

IPT Respimat / 
CVT Respimat 0.97 0.91 

Albuterol (ALB) 
CVT Respimat 
20/100 mcg (n = 52) 

14.68 
(11.35 – 18.97) 

33.73 
(26.98 – 42.17) 

CVT CFC-MDI 
36/206 mcg (n = 56) 

20.31 
(15.95 – 25.86) 

39.42 
(31.93 – 48.66) 

CVT Respimat / 
CVT CFC-MDI 0.72 0.86 

Ae(0-2h): amount of drug excreted in 2 hours; Ae(0-6h): amount of drug excreted in 6 hours 
 

2.6 Analytical Section 
 
2.6.1 Were the analytical procedures used to determine drug concentrations in this 

NDA acceptable? 
 
Yes. All bioanalytical assays fulfilled the regulatory criteria [refer to the FDA guidance 
for industry “Bioanalytical Method Validation (Final-May 2001)] of not exceeding 15% 
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(20% for the lowest QC samples) for precision and accuracy during pre-study and in-
study validation runs. Study samples were analyzed in runs containing calibrators and 
quality control samples, as recommended in the FDA guidance.  
 
Ipratropium in Plasma 
 
Ipratropium concentrations were determined using a validated LC/MS/MS assay method. 
Ipratropium and a stable isotope  in plasma (250 µL) were extracted 
using ion-pairing with potassium iodide followed by methylene chloride with an 
extraction recovery of >93%. Final analysis was done by LC/MS/MS using positive ion 
Turbo Ionspray with multiple reaction monitoring. The calibration range was 10 pg/mL 
to 5000 pg/mL. The linearity of the assay was established with an average correlation 
coefficient of >0.99 from multiple standard curves. 
 
For study 1012.56, intra-assay and inter-assay precision and accuracy were within 7%. 
Stability in thawed matrix stored at room temperature was tested for 24 hours before 
extraction, with the result of less than a 5% difference from original. Re-injection 
stability for 96 hours at room temperature showed less than a 2% difference from original 
as well, for three different concentrations. Long-term stability of plasma stored 
below -20◦C was evaluated to 643 days and was within 15% of original values. 
 
Ipratropium in Urine 
 
Ipratropium concentrations were determined using a validated LC/MS/MS assay method. 
Ipratropium and a stable isotope ) in urine (250 µL) were extracted using 
ion-pairing with potassium iodide followed by methylene chloride with an extraction 
recovery of 46-60%. Final analysis was done by LC/MS/MS using positive ion Turbo 
Ionspray with multiple reaction monitoring. The calibration range was 0.1 ng/mL to 100 
ng/mL. The linearity of the assay was established with an average correlation coefficient 
of >0.999 from multiple standard curves. 
 
For study 1012.56, intra-assay and inter-assay precision and accuracy were within 9%. 
Stability in thawed matrix stored at room temperature was tested for 24 hours before 
extraction, with the result of less than a 3% difference from original. Re-injection 
stability for 51 hours at room temperature showed less than a 5% difference from original 
as well, for three different concentrations. Long-term stability of plasma stored 
below -20◦C was evaluated to 649 days and was within 1% of original values. 
 
Albuterol in Plasma 
 
Albuterol concentrations were determined using a validated LC/MS/MS assay method. 
Albuterol and its internal standard  in plasma (100 µL) were extracted using 
solid phase extraction (SPE) in a Waters Oasis MCX 96-well plate with a final recovery 
of >85%. Final analysis was done by LC/MS/MS, using positive ion Turbo Ion Spray 
with multiple reaction monitoring. The range of the standard curve was validated from 50 
pg/mL to 5000 pg/mL. The linearity of the assay was demonstrated with an average 

(b) (4)

(b) (4)

(b) (4)
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correlation coefficient of >0.99 from multiple standard curves. 
 
For study 1012.56, the intra-day assay precision and accuracy were within 5.2%. The 
inter-day assay precision and accuracy were within 11.5%. Stability in thawed matrix 
stored at room temperature was tested 24 hours before extraction, with the result of 
within 5.1 % of original. Re-injection stability for samples stored at 0 to 50◦C for 99 
hours were within 5.1 % difference from original. Long-term stability of plasma stored 
below -20◦C was evaluated to 425 days and was within an 8% difference of the original 
values. 
 
Albuterol in Urine 
 
Albuterol amounts in urine were determined using a validated LC/MS/MS assay method. 
Albuterol and its internal standard  were extracted from urine (0.050 mL) 
with using solid phase extraction (SPE) in a Waters Oasis MCX 96-well plate with a final 
recovery of 69-74%. Final analysis was done by LC/MS/MS, using positive ion Turbo 
Ion Spray with multiple reaction monitoring. The calibration range was 1.00 ng/mL to 
200 ng/mL. The linearity of the assay resulted in an average correlation coefficient of 
>0.99 from multiple standard curves. 
 
For study 1012.56, the intra-day and inter-day assay precision and accuracy were within 
10%. Stability in thawed matrix stored at room temperature was tested 24 hours before 
extraction, with the result within 5% of the original value. Re-injection stability for 51 
hours at room temperature showed less than 8.4% difference from original as well. Long-
term stability of urine stored below -20◦C was evaluated to 393 days and was within 10% 
difference of the original value. 
 

3 Labeling Recommendations 
 
Here are the initial labeling edits (either as strikethrough or edits in blue bold fonts). 
 
Section 12.3 
 

(b) (4)

(b) (4)



23 

Section 8.5 

(b) (4)

(b) (4)
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4 Appendix – Proposed Label 
 

17 Page(s) of Draft Labeling has been Withheld in Full as B4 (CCI/TS) immediately following 
this page 
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INTRODUCTION 
Combivent® Respimat® is a combination inhaled product containing Ipratropium Bromide 
(anticholinergic bronchodilator) and Albuterol Sulfate (β-adrenergic bronchodilator) in a sterile 
inhalation solution delivered via Respimat® device. It has been developed as a propellant-free 
replacement for Combivent® Inhalation Aerosol, which uses chlorofluorocarbon (CPC) propellants in 
a pressurized metered dose inhaler (MDI), in preparation for the eventual removal of the Essential Use 
Status of COMBIVENT Inhalation Aerosol. The proposed indication of Combivent Respimat is 
identical to the existing indication for the approved Combivent CFC-MDI product, i.e. use in COPD 
patients on a regular aerosol bronchodilator who continue to have evidence of bronchospasm and who 
require a second bronchodilator.  
 



The objective of this sNDA is to provide data to demonstrate comparable bronchodilator efficacy and 
safety of Combivent Respimat and Combivent CFC-MDI and superior efficacy of the Combivent drug 
combination delivered by the Respimat inhaler device over Ipratropium bromide alone delivered by the 
Respimat inhaler. 
 
Two formulation strengths of Ipratropium/Albuterol were evaluated in the COPD clinical development 
program: 20/100 mcg per actuation and 40/200 mcg per actuation, each administered as 1 actuation per 
dose. However, the applicant is only seeking approval of the combination 20/100 mcg strength. 
 
 
CLINICAL PHARMACOLOGY PROGRAM 
The primary objective of the clinical pharmacology program is to provide comparative PK data for 
Ipratropium and Albuterol delivered via Combivent Respimat and Combivent CFC-MDI in patients 
with COPD. Pharmacokinetic data (plasma and urine) on the Combivent Respimat formulation, at two 
different dosage levels, were evaluated in two Phase III combination drug trials (1012.46 and 1012.56). 
Several clinical trials of the mono-components (244.2447, 244.2489, 243.7, 243.2, and 243.3), 
Ipratropium Bromide or Albuterol Sulfate, with the RESPIMAT inhaler provided additional PK 
information supportive of Phase III dose selection for the two active drugs. 
 
Request for Bioavailability/Bioequivalence Waiver 
 
The Sponsor has requested that the FDA waive Title 21, CFR 320.22 (Criteria for Waiver of Evidence 
of in vivo Bioavailabi1ity or Bioequivalence) (b) (3) (i), because the drug product in this application is 
an approved combination formulated as a solution that is inhaled for a local effect rather than a 
systemic effect. Pharmacodynamic equivalence of Combivent Respimat 20/100 mcg to the marketed 
Combivent CFC-MDI 36/206 mcg, has been demonstrated by presenting clinical efficacy and safety 
data in the pivotal Trial 1012.56. In addition, the Sponsor has evaluated the steady state PK of each of 
the drug components in approximately 265 COPD patients in the two Phase III clinical trials (1012.46 
and 1012.56). These evaluations demonstrated the systemic comparability of Ipratropium levels when 
delivered by the Respimat and CFC-propelled inhalers in the pivotal Trial 1012.56 at the doses 
selected. Albuterol levels were slightly lower from the Respimat device compared to the CFC-MDI 
device. 
 
Reviewer’s Comments: The efficacy data from study 1012.56 will be critical in determining the clinical 
relevance of lower exposure for Albuterol from Combivent Respimat 20/100 mcg in comparison to 
Combivent CFC-MDI 36/206 mcg. Granting of the biowaiver will be based on the quality and 
robustness of the PK. 
 
SUMMARY OF RESULTS 
 
Pivotal Combivent Respimat Trial 1012.56 
 
Study design: This was a 12-week, randomized, double-blind, double-dummy, active-controlled trial in 
1460 COPD patients that compared Combivent Respimat (Ipratropium Bromide 20 mcg and Albuterol 
100 mcg) with Combivent CFC-MDI (Ipratropium Bromide 36 mcg and Albuterol Sulfate 206 mcg) 
and Ipratropium Bromide Respimat 20 mcg. The general trial objectives were to evaluate the long-term 
bronchodilator efficacy and safety of the three treatment groups. The specific objectives were to 
demonstrate at test day 85: (1) non-inferiority of Combivent Respimat 20/100 mcg in comparison with 
Combivent CFC-MDI 36/206 mcg for FEV1 AUC for 0 to 6 hours, (2) superiority of Combivent 
Respimat 20/100 mcg to Ipratropium Respimat 20 mcg for FEV1 AUC for 0 to 4 hours, and (3) non-
inferiority of Combivent Respimat 20/100 mcg to Ipratropium Respimat 20 mcg for FEV1 AUC for 4 
to 6 hours. 



 
PK analyses were conducted on the steady state concentrations of plasma Ipratropium and Albuterol 
and 0 to 6 hour renal excretion of the test drugs over one dosing interval after 4 weeks of therapy. Each 
patient had eight plasma samples (trough pre-dose, 5, 15, 30, and 60 minutes post-dose, as well as 2, 4, 
and 6 hours post-dose) and three urine specimens (pre-dose void, 0-2 hours, and 2-6 hours total urine 
collection) obtained at Visit 3 (Day 29 of dosing). PK endpoints at steady-state (i.e., Cmax, AUC, and 
amount of drug renally excreted over one dosing interval) were summarized descriptively. PK 
comparability between three treatments was evaluated. A sufficient number of patients were 
randomized into the PK substudy to ensure that a minimum of 50 patients per treatment arm completed 
this portion of the trial. 
 
Results:  
 
A total of 162 patients in U.S. sites were enrolled in the PK sub-study as Combivent Respimat 20/100 
mcg (n = 52), Combivent CFC-MDI 36/206 mcg (n = 56), and Ipratropium Respimat 20 mcg (n = 54).  
 
For all three treatments, plasma Ipratropium concentrations were low and rapidly dissipated within 4-6 
hours, which was consistent with the quaternary structure of the compound and the known short half-
life of 90 minutes. In many cases, mean data could not be calculated because the majority of the 
patients were below the limit of quantitation by 4 and 6 hours. In general, the plasma Ipratropium 
delivered from Combivent Respimat 20/100 mcg had comparable exposure in both plasma and urine to 
Ipratropium delivered from either Combivent CFC-MDI 36/206 meg or Ipratropium Respimat 20 mcg 
(Table below). Albuterol delivered from Combivent Respimat 20/100 mcg had a lower exposure in 
both plasma and urine than Albuterol delivered from Combivent CFC-MDI 36/206 mcg.  
 
In addition, systemic exposure of Ipratropium Bromide appeared to be unaffected by the presence of 
Albuterol, since ratios of Ipratropium geometric means for Combivent Respimat 20/100 mcg to 
Ipratropium Respimat 20 mcg were near 1.0 for all the urine and plasma parameters (Table below). 
 
Patients receiving Combivent Respimat 20/100 mcg who were 65 years and over had higher steady 
state systemic exposures of Ipratropium (AUC = 166 pg.hr/mL) and Albuterol (AUC = 5.44 ng.hr/mL) 
than patients who were under 65 years of age having Ipratropium AUC of 105 pg.hr/mL and Albuterol 
AUC of 3.27 ng.hr/mL. Similar data was also obtained for the Ipratropium Respimat alone arm. 
 
Male and female COPD patients exhibited generally comparable steady-state systemic exposure of 
both Ipratropium and Albuterol following dosing with Combivent Respimat 40/200 mcg and 
Combivent CFC-MDI 36/206 mcg. 
 
For further details on PK results from study 1012.56, refer to the copy of the filing slides attached at 
the end of this document. 
 
 



 
 
 
Additional Combivent Respimat Phase III Trial 1012.46 
 
Study design: This was a 12-week, randomized, double-blinded (within inhaler), parallel study that 
compared three active treatment groups and two placebo groups in 1,118 COPD patients. The 
treatment groups were Combivent Respimat (40 mcg of Ipratropium Bromide and 200 mcg of 
Albuterol), Combivent CFC-MDI (36 mcg of Ipratropium Bromide and 206 mcg of Albuterol Sulfate), 
Ipratropium Respimat (40 mcg of Ipratropium Bromide), placebo Respimat, and placebo CFC-MDI. 
The general objectives of this trial were to evaluate the long-term bronchodilator safety and efficacy of 
the five treatment groups. Specific objectives were to show the comparability of Combivent Respimat 
40/200 mcg to Combivent CFC-MDI 36/206 mcg and the superiority of Combivent Respimat 40/200 
mcg to Ipratropium Respimat 40 mcg and to characterize the steady-state PK of component drug 
products during one dosing interval after 4 weeks of study therapy. 
 
PK analyses were conducted on the steady state concentrations of plasma Ipratropium and Albuterol 
and 0 to 8 hour renal excretion of the test drugs over one dosing interval after 4 weeks of therapy. PK 
endpoints at steady-state (i.e., Cmax, AUC, and amount of drug renally excreted over one dosing 
interval) were summarized descriptively. PK comparability between three treatments was evaluated. 
PK evaluations were planned for approximately 15% of randomized patients. 
 
Results: 
 
Plasma concentrations of Ipratropium and Albuterol were determined from 109 COPD patients while 
urine concentrations were determined from 113 COPD patients. Ipratropium delivered from the 
Combivent Respimat 40/200 mcg exhibited substantially greater systemic exposure in both plasma 
(4.62:1) and urine (2.80:1) than that delivered from Combivent CFC-MDI 36/206 mcg. Although not 
to the same extent, Albuterol also had greater systemic exposure from Combivent Respimat 40/200 
mcg compared to Combivent CFC-MDI (Table below). 
 
In addition, systemic exposure of Ipratropium Bromide appeared to be unaffected by the presence of 
Albuterol, since ratios of Ipratropium geometric means for Combivent Respimat 40/200 mcg to 
Ipratropium Respimat 40 mcg were near 1.0 for all the urine and plasma parameters. 
 



 
 

Supporting PK Trials in COPD and asthma patients 
 
Pharmaeokinetie data were collected during five supporting trials, one single dose study of Ipratropium 
Respimat in COPD patients (Trial 244.2447), one multiple dose study of Ipratropium Respimat in 
COPD patients (Trial 244.2489), one single dose study of Albuterol Respimat in asthmatic patients 
(Trial 243.2), one single dose study of Albuterol Respimat in COPD patients (Trial 243.7), and one 
cumulative dose study of Albuterol Respimat in asthmatic patients (Trial 243.3). In all the trials, the 
standard dose of the marketed CFC-MDI was included as a comparator. 
 
Overall, these individual dose-ranging studies for Ipratropium Respimat and Albuterol Respimat were 
important in dose(s) selection for Phase III trials. The studies in COPD patients indicated the 
following:  

1. Ipratropium exhibits generally dose proportional PK across doses of 10 to 160 mcg, 
2. Comparable median amount of Ipratropium excreted in urine between Ipratropium RESPlMAT 10 

mcg and Ipratropium CFC-MDI 36 mcg, 
3. Comparable systemic exposure to Albuterol between Albuterol Respimat 200 mcg and Albuterol 

CFC-MDI 180 mcg following single-dose administration. 
4. Greater (~39%) systemic exposure to Albuterol from Albuterol Respimat compared to Albuterol 

CFC-MDI at comparable doses following multiple-dose administration and at half the dose from 
the Respimat device only 26% lower exposure from Respimat compared to CFC-MDI. 

 
The Albuterol Respimat trials in asthma patients provided similar comparisons between the two 
devices and helped arrive at doses to be tested in the COPD patient population.  
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