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1 Recommendations/Risk Benefit Assessment 

1.1		 Recommendation on Regulatory Action 

From a clinical perspective, the recommended regulatory action for this supplemental 
NDA is Approval. This sNDA adequately fulfills the postmarketing pediatric research 
equity act (PREA) requirement in patients under 4 years of age. The data submitted, 
however, do not support extension of the Xopenex HFA indication to pediatric patients 
under 4 years of age. 

1.2		 Risk Benefit Assessment 

The application contains clinical data from one of two PREA-required trials in patients 
less than 4 years of age with asthma or reactive airway disease. Study 051-359 was a 
modified-blind, placebo-controlled trial that evaluated the effectiveness of Xopenex HFA 
45-90 mcg three times daily over 4 weeks compared with placebo in reducing asthma 
symptoms as measured by the daily Pediatric Asthma Caregiver Assessment (PACA) 
composite score. The study failed to meet the primary endpoint as there was no 
significant difference in the mean PACA score change from baseline at 4 weeks 
between treatment groups. 

Regarding safety in patients less than 4 years of age, there was a small, but consistent, 
increase in asthma-related treatment-emergent adverse events and treatment 
discontinuations due to asthma in patients receiving Xopenex compared to placebo. 
This, along with the lack of consistent efficacy, does not support approval for use in 
pediatric patients less than 4 years of age and warrants inclusion in the product label. 
Based on the submitted data, the Applicant has not requested an indication in this 
younger age group. However, the risk benefit profile of Xopenex HFA in the approved 
population of patients 4 years of age and older remains favorable. 

1.3		 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies 

There are no recommendations for additional postmarketing risk evaluation and 
mitigation strategies. 

1.4		 Recommendations for Postmarket Requirements and Commitments 

Study 051-359 represents the first of two consecutive PREA-required studies in patients 
less than 4 years of age. The second PREA requirement, Study 051-361, is designed to 
evaluate the safety and efficacy of cumulative dosing with Xopenex HFA compared to 
racemic albuterol for acute asthma exacerbations and was initiated after the completion 
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product for the treatment of bronchospasm. For these reasons, the Division did not 

request an audit by the Division of Scientific Investigations (DSI) for this supplement.
	

3.2 Compliance with Good Clinical Practices 

The Applicant stated that the clinical trial was conducted in compliance with Good 
Clinical Practices and submitted a statement certifying that no debarred individuals 
participated in the conduct of trials included in this NDA. Prior to trial initiation, the 
clinical study protocol and written informed consent form were reviewed and approved 
by an IRB. 

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. None of the principle investigators or sub-investigators who 
participated in the clinical trials referenced in this sNDA disclosed receiving significant 
financial compensation from Sunovion. The financial disclosure checklist is provided 
below. The disclosed financial interests raise no questions about the integrity of the data 
and do not affect the approvability of this application. 

Table 2. Financial Disclosure Checklist 

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

Total number of investigators identified: 39 

Number of investigators who are sponsor employees (including both full-time and 
part-time employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 
3455): 0 

If there are investigators with disclosable financial interests/arrangements, identify 
the number of investigators with interests/arrangements in each category (as defined 
in 21 CFR 54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value 
could be influenced by the outcome of the study: 0 

Significant payments of other sorts: 0 

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 

Yes No (NA) 
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interests/arrangements: 

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

Yes No (NA) 

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

Is an attachment provided with the 
reason: 

Yes No (NA) 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 

4.1 Chemistry Manufacturing and Controls 

The Applicant submitted in vitro characterization studies performed in 2007 with 
Xopenex HFA employing two commercially available valve-mask holding chambers, 
AeroChamber Z-Stat Plus™ and AeroChamber Max™. Results from the studies 
demonstrated that Xopenex HFA can be administered to children under 4 years of age 
using the valve-mask holding chambers above. Otherwise, no new quality data was 
submitted or required, and the supplement is acceptable from the CMC perspective. 

4.2 Clinical Microbiology 

Xopenex HFA is an approved product; therefore, no new microbiology data was 
submitted or required. 

4.3 Preclinical Pharmacology/Toxicology 

No new pharmacology/toxicology data was submitted or required in this supplement. 

4.4 Clinical Pharmacology 

4.4.1 Mechanism of Action 

As described in previous reviews, levalbuterol is the (R)-enantiomer of the drug 
substance racemic albuterol. Levalbuterol is a relatively selective β2-adrenergic receptor 
agonist. Activation of β2-adrenergic receptors on airway smooth muscle leads to 
activation of adenylate cyclase and to an increase in the intracellular concentration of 
cyclic-3’, 5’-adenosine monophosphate (cyclic AMP). The increase in cyclic AMP is 
associated with the activation of protein kinase A, which in turn inhibits phosphorylation 
of myosin and lowers intracellular ionic calcium concentrations, ultimately resulting in 
smooth muscle relaxation in the airways. Increased cyclic AMP concentrations are also 
associated with inhibited release of mediators from mast cells in the airway. 
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Table 4. Schedule of Study Assessments 
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Source: Module 5.3.5.4, Study 051-359 Protocol, p16 

Study Population 
A total of 197 subjects were randomized to study treatment: 65 to Xopenex HFA, 64 to 
levalbuterol IS, and 68 to placebo HFA. Of the 65 patients randomized to Xopenex HFA, 
9 patients were under 12 months of age, 14 patients were between 12 and 23 months of 
age, and 42 patients were between 24 and 47 months of age. 

Main Inclusion Criteria 
1. Male or female between the ages of birth and 47 months at the time of consent 
2. For subjects 24 to 47 months of age, a physician diagnosis of asthma (defined as 

at least 3 episodes of respiratory symptoms consistent with asthma symptoms 
including, but not limited to, cough, wheeze, or dyspnea) 

3. For subjects 0 to 23 months of age, a history of 3 episodes of respiratory 

symptoms that in the judgment of the investigator could be consistent with 

asthma or reactive airways disease
	

4. No other chronic conditions other than asthma 
5. No evidence of chronic cardiopulmonary conditions other than asthma on chest 

radiograph 

Main Exclusion Criteria 
1. Requires or may require disallowed medications 
2. History of hospitalization for asthma, reactive airway disease, or bronchospasm 

within 4 weeks prior to Visit 1 or scheduled in-patient hospitalization, including 
elective surgery, during the study period 

3. Clinical diagnosis of cystic fibrosis 
4. Premature birth, defined as less than 38 weeks gestational birth and under 1 

year of age at Visit 1 
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The following concomitant medications were allowed at the investigator’s discretion if 

the dose had been stable for the month prior to Visit 1 (if applicable): leukotriene 

inhibitors, inhaled or nasal corticosteroids, topical corticosteroids, mucolytics and 

expectorants, antihistamines, immunotherapy, antibiotics, and other medications to treat 

chronic conditions.
	

Treatments 
The study included three treatment groups: 

o Xopenex HFA MDI 45mcg or 90 mcg (1-2 actuations) TID 
o Levalbuterol IS 0.31 mg TID 
o Placebo HFA MDI (1-2 actuations) TID 

The HFA MDI dose was based on age: subjects 0 to 23 months received 1 actuation 
(45 mcg levalbuterol) TID while subjects 24 to 47 months received 2 actuations (90 mcg 
levalbuterol) TID. Although the HFA treatment arms were double-blind, the levalbuterol 
IS treatment arm was open-label with the same 0.31 mg dose administered regardless 
of age. 

Rescue medication consisted of levalbuterol IS 0.31 mg for use as needed for all 
treatment groups. 

HFA MDI treatments were administered via the Monaghan AeroChamber MAX™ with 
face mask with instructions for the face mask to be held in place for 1 minute. 
Levalbuterol IS was administered via mouthpiece or facemask with the TREK-S™ 
compressor and PARI LC PLUS™ nebulizer. 

Efficacy 
Evaluating the efficacy of Xopenex HFA in pediatric patients under 4 years of age was a 
secondary objective of this study. Efficacy assessments included daily Pediatric Asthma 
Caregiver Assessments (PACA), Pediatric Asthma Questionnaire (PAQ), Pediatric 
Asthma Quality of Life Questionnaire (PACQLQ), PEF maneuvers in subjects 24 to 47 
months of age, investigator and caregiver global evaluations, and rescue medication 
use. The primary efficacy variable was the composite score from the PACA, a 
questionnaire consisting of five domains that was completed by parents/legal guardians 
daily (see Table 6 below). The maximum score was 19, with higher scores indicating 
greater symptom severity. The primary endpoint was the change in mean daily PACA 
score from baseline to Visit 4 between treatment groups. Baseline was defined as the 
mean of the daily composite scores during the placebo washout period from Visit 1 to 2, 
and Visit 4 was defined as the mean of the daily composite scores in the week prior to 
Visit 4. However, because the levalbuterol IS treatment arm was unblinded, the only 
relevant comparison was between the blinded Xopenex HFA and placebo HFA 
treatment groups. 
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6 Review of Efficacy 

Efficacy Summary 

The Applicant submitted one Phase 3 study (051-359) to evaluate the efficacy of 
Xopenex HFA for the treatment and prevention of bronchospasm in patients less than 4 
years of age with reversible obstructive airway disease. In this study, subjects received 
one of three medications three times daily for 4 weeks: double-blind Xopenex HFA 45 
mcg or 90 mcg, double-blind placebo HFA 1 or 2 actuations, or open-label levalbuterol 
IS 0.31 mg. The primary efficacy endpoint was the change in the mean daily composite 
Pediatric Asthma Caregiver Assessment (PACA) total score from run-in to its mean 
during Week 4 compared to placebo. Because treatment with levalbuterol IS was 
unblinded, the only relevant comparison was between Xopenex HFA and placebo. A 
secondary endpoint of interest was in clinic post-dose peak expiratory flow (PEF) 
measurements in the subset of children 24 to <48 months of age able to perform this 
maneuver. 

The study failed to demonstrate a statistically significant benefit for Xopenex HFA in 
pediatric patients less than 4 years of age. PACA scores were relatively low at baseline 
in all treatment groups, and after the 4-week treatment period, there was no significant 
difference between Xopenex HFA and placebo with regard to the mean change in 
PACA score from baseline. PEF measurements obtained 1 hour post-dose at the 
beginning of the study and after 4 weeks showed numerical improvement in both active 
treatment groups compared to placebo; however, given the small number of patients 
with PEF observations, the results were not sufficient to establish efficacy. 

The Applicant submitted this supplement to comply with PREA regulations, but based 
on the results from this study, is not seeking to expand the indication to patients less 
than 4 years of age. It is of note, however, that while this study failed to meet its primary 
endpoint, it is often difficult to demonstrate efficacy in younger patients by means of 
caregiver symptom assessments, particularly when asthma symptoms are mild at 
baseline. 

6.1 Indication 

This is a pediatric supplemental NDA for an approved drug product Xopenex HFA 
Inhalation Aerosol. Currently, the FDA-approved indication in the product labeling 
(Section 1) is “Xopenex HFA is indicated for the treatment or prevention of 
bronchospasm in adults, adolescents, and children 4 years of age and older with 
reversible obstructive airway disease”. The Applicant submitted this supplement to 
comply with PREA regulations, but is not seeking to expand the indication to younger 
age groups. 
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Figure 2. Post-dose change in PEF (L/sec) at 1 hour 

Abbreviations: MDI=metered-dose inhaler, TID=three times daily, UDV=unit dose vial, Levalbuterol UDV=leva buterol inhalation 
solution 
Source: Biometrics review by Dr. Yu Wang 

Figure 3. Post-dose percent change in PEF at 1 hour 

Abbreviations: MDI=metered-dose inhaler, TID=three times daily, UDV=unit dose vial, Levalbuterol UDV=leva buterol inhalation 
solution 
Source: Biometrics review by Dr. Yu Wang 
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6.1.6 Other Endpoints 

Although the Applicant analyzed additional efficacy endpoints (See Section 5.3), these 
were not reviewed in detail given the lack of statistical significance of the primary 
endpoint and the Applicant’s decision to seek no further indication based on the results 
of this study. 

6.1.7 Subpopulations 

Because the study did not demonstrate overall effectiveness for Xopenex HFA in 
patients less than 4 years of age, differences by gender, race, or geographic region 
were not examined for this review. 

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 

Subjects 0 to <24 months of age received low dose Xopenex HFA (45 mcg) while older 
subjects 24 to <48 months of age received the currently approved dose of Xopenex 
HFA (90 mcg). Although any dose-related efficacy findings are potentially confounded 
by age, there was no difference in the primary endpoint of PACA composite score at 
Week 4 based on dose/age group. 

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 

Current guidelines recommend that these short-acting β2-adrenergic agonists be used 
as-needed rather than continuously.. In the small subset of patients with PEF 
measurements, the mean change in PEF from pre-dose to 1 hour post-dose increased 
from Visit 2 to 4. However, this may be a result of improved technique over the course 
of the study. 

6.1.10 Additional Efficacy Issues/Analyses 

None 

7 Review of Safety 

Safety Summary 

This sNDA submission contains adequate data to update the Xopenex HFA product 
label regarding use in patients less than 4 years of age. 

No deaths were reported in this study, and nonfatal serious adverse events (SAEs) 
were rare overall. However, SAEs only occurred with active treatment arms and 
primarily involved hospitalization for asthma or other respiratory illnesses such as 
pneumonia. In addition, safety data revealed a numerical increase in asthma-related 
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treatment-emergent adverse events and treatment discontinuations due to asthma in 

patients receiving Xopenex compared to placebo. Although the overall number of 

patients is small, the pattern is consistent with safety findings observed in the 

levalbuterol IS pediatric trials in patients under 6 years of age. Therefore, this safety 

information will be added to the product label. Furthermore, there was no substantial 

difference in the occurrence of hypokalemia, cardiovascular effects, or hyperglycemia 

among treatment groups, even though a decrease in β2-agonist associated side effects 

is an often touted safety benefit of Xopenex use. 


7.1 Methods 

7.1.1		 Studies/Clinical Trials Used to Evaluate Safety 

The single clinical trial submitted to this application (Study 051-359) was used to 
evaluate the safety of Xopenex HFA in pediatric patients less than 4 years of age; 
details of the study protocol are located in Section 5.1. 

7.1.2		 Categorization of Adverse Events 

Adverse events (AEs) were defined as any reaction, side effect, or other undesirable 
event that occurred in conjunction with the use of study medication, whether or not the 
event was considered related to study medication. Adverse events were considered 
serious if the event was fatal or life-threatening, permanently disabling, required or 
prolonged hospitalization, represented a congenital anomaly, or required intervention to 
prevent permanent damage. Adverse events were collected from time of informed 
consent to the end of study. Serious adverse events (SAEs) were collected through 30 
days after the last dose and followed until resolution or lost to follow up. The Applicant 
coded AEs using MedDRA version 16.0. Treatment emergent adverse events (TEAEs) 
were defined as AEs that occurred or worsened on or after the first dose of study 
medication. 

7.1.3		 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence 

Only a single study was included in this submission; therefore, pooling of data was not 
applicable. 
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7.5 Other Safety Explorations 

7.5.1 Dose Dependency for Adverse Events 

The lower Xopenex HFA 45 mcg dose was only administered to younger subjects (< 24 
months of age), who represented a smaller proportion of the overall study population. 
Acknowledging this limitation, there was no clear dose dependency for adverse events. 

7.5.2 Time Dependency for Adverse Events
	

There was no apparent time dependency for adverse events. 


7.5.3 Drug-Demographic Interactions 

There were no apparent drug-demographic interactions based on limited subgroup 
analyses. 

7.5.4 Drug-Disease Interactions
	

There was no assessment of drug-disease interactions in this submission. 


7.5.5 Drug-Drug Interactions
	

No drug-drug interaction studies were included in this submission. 


7.6 Additional Safety Evaluations 

7.6.1 Human Carcinogenicity 

No carcinogenicity studies were included in this submission. Levalbuterol has 
demonstrated no carcinogenic potential in nonclinical studies. 

7.6.2 Human Reproduction and Pregnancy Data 

The use of Xopenex HFA during pregnancy and lactation has not been evaluated in any 
adequate and well-controlled studies. 

7.6.3 Pediatrics and Assessment of Effects on Growth 

No growth studies were included in this submission as no growth effects are known to 
occur with the use of Xopenex HFA. 
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9 Appendices 

9.1 Literature Review/References 

A PubMed search using the terms “levalbuterol AND pediatric” and “levalbuterol 
metered dose inhaler” retrieved 38 and 9 articles, respectively. None of the published 
articles change the risk-benefit assessment any further. 

9.2 Labeling Recommendations 

Major labeling changes included updating Section 8.4 with efficacy and safety data for 
pediatric patients <4 years of age, specifically with information regarding the increased 
number of asthma-related adverse reactions in the Xopenex treatment groups. In 
addition, the label was revised to incorporate format changes to conform with the 
Agency’s best labeling practice initiative. The Office of Prescription Drug Promotion 
(OPDP), the Division of Medical Policy Programs (DMPP), and the Division of 
Medication Error Prevention and Analysis (DMEPA) had no further recommendations 
following review of the revised label and package insert. 

9.3 Advisory Committee Meeting 

An Advisory Committee Meeting was not held for this supplemental NDA. Xopenex HFA 
is already approved for the treatment or prevention of bronchospasm in adults, 
adolescents, and children 4 years of age and older with reversible obstructive airway 
disease, and the Applicant is not seeking to expand the indication. 
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