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1 EXECUTIVE SUMMARY 

Teva Pharmaceuticals has submitted biologics license application (BLA) 761033, for Cinqair® 
(reslizumab) intravenous injection, seeking indications: reduce asthma exacerbations, relieve 
symptoms, and improve lung function in patients with asthma and elevated blood eosinophils 
who are inadequately controlled on inhaled corticosteroids. The proposed dosage and 
administration is 3.0 mg/kg administered once every 4 weeks. Efficacy and safety of reslizumab 
were examined in four Phase 3 randomized, double-blind, placebo-controlled, parallel-group 
studies. 

Two identically-designed concurrently-conducted studies, 37082/3082 (referred to as 3082) and 
37082/3083 (referred to as 3083), showed that reslizumab provided statistically significant benefit 
over placebo with regard to the primary endpoint, frequency of asthma exacerbations during 52 
weeks of treatment period. Reslizumab reduced the annual rate of exacerbations by 50% and 59% 
relative to placebo in studies 3082 and 3083, respectively. The reduction in events requiring oral 
corticosteroids was 56% for study 3082 and 60% for study 3083, respectively. The reduction in 
events requiring systemic corticosteroids was 55% for study 3082 and 61% for study 3083, 
respectively. The frequency of exacerbations resulting in hospitalizations or emergency room 
visits was reduced by 34% in study 3082 and 31% in study 3083 due to reslizumab therapy 
although the effect comparing to placebo was not statistically significant. Additionally, 
reslizumab improved multiple measures of current asthma control, including lung function 
(FEV1), asthma symptoms (ACQ), and an asthma-related quality-of-life measure (AQLQ) 
compared with placebo. 

A third study, 37082/3081 (referred to as 3081), investigated two doses of reslizumab (0.3 mg/kg 
and 3.0 mg/kg) and demonstrated that reslizumab significantly increased lung function measured 
by FEV1 change from baseline over 16 weeks as well as patient-reported measures of ACQ and 
AQLQ. The average FEV1 improvement over placebo was 115 mL after treatment with 
reslizumab 0.3 mg/kg and 160 mL with reslizumab 3.0 mg/kg, respectively. 

The fourth study, 37082/3084 (referred to as 3084), tested the treatment effect of reslizumab on 
FEV1 improvement in relation to blood eosinophil counts in adult patients who were not required 
to have a specific blood eosinophil count at screening. The study found no significant association 
between baseline blood eosinophil counts and treatment effect. Unlike the other three studies 
conducted in patients with elevated blood eosinophils (≥400 cells/µL at screening), efficacy in 
lung function as measured by FEV1 was not observed in this unselected patient population. 

In Summary, these studies demonstrated benefit of reslizumab over placebo in reducing 
frequency of clinical asthma exacerbation and improving lung function as measured by trough 
FEV1. 
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2 INTRODUCTION 

2.1 OVERVIEW 

2.1.1 Drug Class and Indication 

This biologics licensing application (BLA) 761033 is submitted for reslizumab, a humanized 
anti-human interleukin-5 monoclonal antibody to support indications: reduce exacerbations, 
relieve symptoms and improve lung function in adults and adolescents (12 years of age and 
above) with asthma and elevated blood eosinophils who are inadequately controlled on inhaled 
corticosteroids. 

2.1.2 History of Drug Development 

The clinical development program for reslizumab was introduced to the Division of Pulmonary, 
Allergy, and Rheumatology Products in 2010 and conducted under IND 101, 399. The program 
comprises 14 clinical studies, including 6 Phase 3 studies, 4 Phase 2 studies, and 4 Phase 1 
studies. Of the four principal Phase 3 studies submitted to support the proposed asthma 
indication, two were 52-week studies (37082/3082, referred to as 3082; and 37082/3083, referred 
to as 3083) that evaluated the effect of reslizumab on the rate of asthma exacerbations and two 
were 16-week studies (37082/3081, referred to as 3081; and 37082/3084, referred to as 3084) 
that evaluated the effect of reslizumab on lung function measured by FEV1. An additional open-
label Phase 3 study (37082/3085, referred to as 3085) further evaluated the long-term safety and 
efficacy of reslizumab. 

The applicant had several interactions with the Division, including an End-of-Phase 2 meeting 
held on August 18, 2010, a Type C meeting via written response on May 17, 2013, and a Pre-
BLA meeting held on January 15, 2015. Pertinent statistical parts of these meetings are 
summarized herein: 

	 The primary efficacy endpoint for studies 3082 and 3083 was frequency of clinical 
asthma exacerbations over 52 weeks. The final definition of exacerbations and the plan 
for independent adjudication of these events were consistent with regulatory and expert 
guidance. 

 The primary analysis of exacerbations would employ a negative-binomial regression 
model with an offset to account for differences in study durations for each patient. 

 The absolute FEV1 was selected as the primary efficacy variable for study 3081 and as 
secondary variable for studies 3082 and 3083. 

	 Overall change from baseline in FEV1 over 16 weeks and change from baseline to each 
clinic visit would be analyzed using a mixed model for repeated measures (MMRM) in 
studies 3081, 3082, and 3083. 

	 The primary analysis in study 3084 should evaluate dependence of the treatment 
difference between reslizumab and placebo groups on eosinophil count in change from 
baseline FEV1 at week 16. 

Reference ID: 3874259 
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	 The primary efficacy analyses should include all patients who were randomly assigned to 
a treatment, regardless of whether or not they took prohibited medications or 
discontinued treatment. 

Furthermore, the Division advised that more than one dose of reslizumab should be evaluated in 
Phase 3 studies to further explore the dosing. Regarding the use of blood eosinophils to guide 
selection of patients for treatment with reslizumab, the Division recommended to study patients 
across a spectrum of eosinophil counts and noted that labeling would take into account safety 
and treatment benefit dependence on baseline eosinophil count. 

2.1.3 Current Submission 

The current submission contains five efficacy and safety studies in support of reslizumab on the 
proposed asthma indication. They include a 16-week dose-ranging lung function study (study 
3081) and two 52-week exacerbation studies (studies 3082 and 3083). These studies were 
conducted in patients 12 years of age and older with moderate-to-severe asthma and baseline 
blood eosinophil counts of at least 400 cells/μL. A fourth study, 3084, was a 16-week lung 
function study in patients aged 18 years or above and unselected for baseline eosinophil levels. 
The fifth study, 3085, enrolled and treated patients who had completed treatment in studies 3081, 
3082 and 3083 for up to 24 months in order to evaluate long-term safety and efficacy of 
reslizumab. All patients in these studies received standard-of -care treatment optimized to asthma 
severity; either reslizumab or placebo was added on to the standard-of-care. 

This statistical review focuses on the four studies in the reslizumab development program: 
Studies 3082 and 3083 with an exacerbation primary endpoint; studies 3081 and 3084 with a 
FEV1 primary endpoint. 

2.2 DATA SOURCES 

The applicant submitted clinical study reports, protocols, statistical analysis plans, and all 
referenced literature to the Agency. The data and all documents for the electronic submission 
were archived under the network path location: 

\\Cdsesub1\evsprod\BLA761033\0000 
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3 STATISICAL EVALUATION 

3.1 DATA AND ANALYSIS QUALITY 

In general, the electronic data submitted by the applicant are of sufficient quality to allow a 
thorough review of the data. I am able to reproduce the analyses of the primary and key 
secondary efficacy endpoints for each clinical study submitted. My results are presented in this 
review and match those from the applicant unless otherwise noted. 

3.2 EVALUATION OF EFFICACY 

The reslizumab registration program consists of two identically-designed concurrently-conducted 
52-week trials and two 16-week trials, which are reviewed in this document. Outline of the study 
designs is given in Table 1. 

Study 3081: A 16-Week, Randomized, Double-Blind, Placebo-Controlled, Parallel-Group Study 
to Evaluate the Efficacy and Safety of Reslizumab (0.3 or 3.0 mg/kg) as Treatment for Patients 
(12-75 Years of Age) with Eosinophilic Asthma 

Studies 3082 and 3083: A 12-Month, Double-Blind, Placebo-Controlled, Parallel-Group Study to 
Evaluate the Efficacy and Safety of Reslizumab (3.0 mg/kg) in the Reduction of Clinical Asthma 
Exacerbations in Patients (12-75 Years of Age) with Eosinophilic Asthma 

Study 3084: A 16-Week, Randomized, Double-Blind, Placebo-Controlled Study to Evaluate the 
Efficacy and Safety of Reslizumab (3.0 mg/kg) Treatment in Patients with Moderate to Severe 
Asthma 
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Table 1 Design of Phase 3 Trials 
3081 3082 3083 3084 

Trial Date 2/2011 
to 9/2013 

4/2011 
to 3/2014 

3/2011 
to 4/2014 

2/2012 
to 8/2013 

Number 
of Patients 

315 489 464 496 

Population 

Age 12-75 years 
EOS ≥ 400 cells/μL 

Age 12-75 years 
EOS ≥ 400 cells/μL400 cells/μL 

≥1 exacerbation in the past 12 
months 

Age 18-65 years 
EOS: any 

Design Randomized (1:1:1), 
double-blind, 
placebo-controlled, 
parallel-group 

16 weeks 

Randomized (1:1), 
double-blind, 
placebo-controlled, 
parallel-group 

52 weeks 

Randomized (1:4), 
double-blind, 
placebo-controlled, 
parallel-group 

16 weeks 

Treatment Placebo 
Reslizumab 0.3 mg/kg 
Reslizumab 3.0 mg/kg 

Placebo 
Reslizumab 3.0 mg/kg 

Placebo 
Reslizumab 3.0 mg/kg 

Stratification 
factor 

 Age (12-17 or ≥18 
years) 
 Asthma exacerbations 

within the past 12 
months (Yes or No) 

 Oral corticosteroid use (Yes or 
No) 
 Region (US or other) 

 Asthma exacerbations 
within the past 12 months 
(Yes or No) 

Primary 
Endpoint 

Lung function 
(FEV1: overall change 
from baseline over 16 
weeks of treatment) 

Asthma exacerbations 
(Frequency of clinical asthma 
exacerbations per patient during 
the 52-week treatment period) 

Lung function 
(FEV1: change from 
baseline to Week 16) 

Secondary 
Endpoints 

Change from baseline to 
planned time points in: 

FVC, FEF25%-75%, 
% predicted FEV1; 
ACQ, AQLQ, 
ASUI, SABA, EOS 

Change from baseline to week 
16 or over 16 weeks in: 

FEV1, AQLQ, ACQ, ASUI, 
SABA, EOS (or over 52 weeks), 
and Time to first clinical asthma 
exacerbation 

Key Secondary 
 FEV1: change from 

baseline over 16 weeks 
 ACQ: change from 

baseline over 16 weeks 

Other Secondary 
Change from baseline to 
planned time points in: 
ACQ, FEV1, % predicted 
FEV1, FVC, FEF25%-75%: 
SABA, EOS. 

EOS: Blood eosinophil counts. 
Source: Reviewer 
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3.2.1 Study 3081 

3.2.1.1 Study Design and Endpoints 

Study 3081 was a 16-week, randomized, double-blind, placebo-controlled Phase 3 study 
involving patients 12 years of age and older who had a blood eosinophil count of at least 400 
cells/μL at screening. Eligible patients were randomly assigned in a blinded fashion (1:1:1) to 
one of the following three treatment groups: reslizumab at 0.3 mg/kg, reslizumab at 3.0 mg/kg, 
or placebo, stratified according to the occurrence of previous asthma exacerbations within the 
past 12 months (yes or no) and age (12 to 17 years or 18 years of age or older) at baseline. 
Patients received study drug once every 4 weeks for a total of 4 doses over 16 weeks. 

The primary efficacy variable was the overall change from baseline in FEV1 over the 16-week 
treatment. The secondary variables were: 
 Asthma Control Questionnaire (ACQ) score: Change from baseline to weeks 4, 8, 12, 16, 

and endpoint 
 Asthma Quality of Life Questionnaire (AQLQ) score: Change from baseline to week 16, 

and endpoint 
 FVC: Change from baseline to weeks 4, 8, 12, 16, and endpoint 
 FEF25%-75% : Change from baseline to weeks 4, 8, 12, 16, and endpoint 
 Asthma Symptom Utility Index (ASUI) score: Change from baseline to weeks 4, 8, 12, 

16, and endpoint 
 Short-acting beta-agonist (SABA) use: Change from baseline to weeks 4, 8, 12, 16, and 

endpoint 
 Blood eosinophil count (EOS): Change from baseline to weeks 4, 8, 12, 16, and endpoint 
 Percent predicted FEV1: Change from baseline to weeks 4, 8, 12, 16, and endpoint 

3.2.1.2 Statistical Methodologies 

The primary variable was analyzed using a MMRM model with independent variables of 
treatment, visit, treatment-by-visit interaction, asthma exacerbations within the past 12 months 
(yes or no), baseline age (12 -17 years or ≥18 years), gender, height, and baseline FEV1. An 
unstructured covariance matrix was used for the within-patient correlation modeling. In case 
there was a convergence problem, a first order autoregressive covariance structure would be 
assumed instead. 

The overall treatment effect for each reslizumab dose was compared to placebo using a 2-sided 
test at the significance level of 0.05. A hierarchical testing procedure was used to control the 
Type I error rate to adjust for the two comparisons of reslizumab to placebo. Statistical 
significance would be declared in the order of reslizumab 3.0 mg/kg first and 0.3 mg/kg second. 
Specifically, treatment effect would be claimed significant for reslizumab 3.0 mg/kg if its p-
value was ≤ 0.05. The significance would be claimed for both reslizumab doses if the p-values 
were both ≤ 0.05. 

Reference ID: 3874259 

10 



              
                

                
            

            
               

  

               
           

             
               

              
                

                 
           

             
            

 

The primary analysis was based on the full analysis dataset (FAS), including all randomized 
patients who were treated with at least one dose of study drug. The applicant’s analysis excluded 
some measurements obtained at scheduled visits that were preceded by usage within 7 days of a 
limited subset of medications that could significantly confound interpretation. I conducted a 
sensitivity analysis using all measurements without data exclusions. The primary analysis was 
also repeated using the multiple imputation method to investigate the impact of missing data on 
the results. 

The same MMRM model as described for the primary efficacy variable analyses was used to 
analyzed the secondary efficacy endpoints including percent predicted FEV1, FVC, FEF25%-75%, 
ACQ, AQLQ, ASUI, SABA, and EOS. The model included independent variables of treatment, 
visit, and treatment by visit interaction, asthma exacerbations within the past 12 months (yes or 
no), baseline age (12-17 years or ≥18 years), gender, height, and respective baseline value. 
Additionally the proportion of patients achieving at least a 0.5 improvement in AQLQ score or at 
least a 0.5 reduction in ACQ score from baseline to each scheduled visit were analyzed by the 
Cochran-Mantel-Haenszel (CMH) test with stratification for baseline age group and asthma 
exacerbation category. Testing of the secondary variables was performed at the significance level 
of 0.05. There was no adjustment for multiplicity for the secondary endpoints. 
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3.2.1.3 Patient Disposition, Demographic and Baseline Characteristics 

A total of 315 subjects were enrolled in study 3081, all but 4 subjects received at least 1 dose of 
study drug. Forty-seven (14.9%) subjects stopped medication early and 50 (15.9%) discontinued 
from the study prematurely. The most common reason for discontinuation from study drug 
treatment was adverse events, occurring in 19 (6%) subjects. Patient disposition is shown in 
Table 2. 

Table 2 Patient disposition in Study 3081 
Reslizumab ReslizumabPlacebo	 Total0.3 mg/kg 3.0 mg/kg 

Randomized 105 104 106 315 
Never dosed 0 1 3 4 

Treated 105 103 103 311 
Completed treatment 85 (81.0%) 93 (89.4%) 90 (84.9%) 268 (85.1%) 

Discontinued treatment 20 (19.0%) 11 (10.6%) 16 (15.1%) 47 (14.9%) 
Completed study	 85 (81.0%) 92 (88.5%) 88 (83.0%) 265 (84.1%) 

Discontinued study 20 (19.0%) 12 (11.5%) 18 (17.0%) 50 (15.9%) 
Discrepancies in exacerbation history 4 (3.8%) 3 (2.9%) 4 (3.8%) 11 (3.5%) between IVRS and CRF 
Analysis Datasets 

Randomized Set 105 104 106 315 
Full Analysis Set 105 103 103 311 

Safety Set 105 103 103 311 
IVRS: interactive voice recognition system; CRF: case report form 
Source: Modified from Table 10-1 in Clinical Study Report 

Stratification factors for randomization of patients in study 3081 were baseline age (12-17 years 
or ≥18 years) and occurrence of asthma exacerbation within the last 12 months (yes or no). For 
age, the case report form (CRF) and interactive voice recognition system (IVRS) records were in 
accord. There were 11 (3.6%) patients whose stratification by asthma exacerbation with the last 
12 months differed from the CRF records when utilizing the IVRS records due to 
misclassifications at screening. The misclassification rate is low and did not affect the results 
from efficacy analyses. 
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Selected demographic features for all randomized patients are shown in Table 3. In study 3081, 
subject demographics and baseline characteristics were generally balanced among the three 
treatment groups. The majority of patients were female (58%), white (81%), and of non-Hispanic 
or non-Latino ethnicity (70%). The median age was 45 years with 15 (5%) subjects younger than 
18 years. 

Table 3 Study 3081 demographics 
Reslizumab Reslizumab 

Placebo 0.3 mg/kg 3.0 mg/kg Total 
(N=105) (N=104) (N=106) (N=315) 

Age (years) 
Mean 44.2 44.5 43.0 43.9 
SD 14.89 14.03 14.41 14.42 
Median 45.0 46.5 44.0 45.0 

Age group, n (%) 
12-17 years 5 (5) 5 (5) 5 (5) 15 (5) 
18-64 years 93 (89) 91 (87) 99 (93) 283 (90) 
≥65 years 7 (7) 8 (8) 2 (2) 17 (5) 

Gender, n (%) 
Male 43 (41) 45 (43) 44 (42) 132 (42) 
Female 62 (59) 59 (57) 62 (58) 183 (58) 

Race, n (%) 
White 85 (81) 80 (77) 90 (85) 255 (81) 
Black 7 (7) 6 (6) 5 (5) 18 (6) 
Asian 0 2 (2) 2 (2) 4 (1) 
American Indian or Alaskan Native 1 (<1) 0 0 1 (<1) 
Pacific Islander 1 (<1) 0 0 1 (<1) 
Other 11 (10) 16 (15) 9 (8) 36 (11) 

Ethnicity, n (%) 
Hispanic or Latino 29 (28) 29 (28) 31 (29) 89 (28) 
Non-Hispanic or non-Latino 74 (70) 73 (70) 75 (71) 222 (70) 
Unknown 2 (2) 2 (2) 0 4 (1) 

Weight (kg) 
Mean 77.0 75.9 75.7 76.2 
SD 20.10 18.80 20.30 19.70 
Median 73.0 74.0 74.4 74.0 

Region, n (%) 
US 38 (36) 35 (34) 42 (40) 115 (37) 
Non-US 67 (64) 69 (66) 64 (60) 200 (63) 

Source: Reviewer 

Reference ID: 3874259 
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Baseline characteristics for study 3081 are shown in Table 4. Approximately 56% patients had 
experienced an exacerbation within the previous 12 months. The distributions of clinical 
characteristics including asthma duration, airway reversibility, FEV1, and severity scores, were 
similar across all treatment groups. The mean and median blood eosinophil counts at baseline 
was 614 cells/µL and 500 cells/µL, respectively. 

Table 4 Study 3081 disease characteristics at baseline 
Reslizumab Reslizumab 

Placebo 0.3 mg/kg 3.0 mg/kg Total 
(N=105) (N=104) (N=106) (N=315) 

Asthma exacerbation within 12 months 
per CRF, n (%) 

Yes 
No 
Number of exacerbation events 

Mean
 
SD
 
Median
 

Duration of asthma (years) 
Mean 
SD 
Median 

FEV1 (L) 
Mean
 
SD
 
Median
 

% Predicted FEV1 
Mean
 
SD
 
Median
 

Airway reversibility (%) 
Mean 
SD 
Median 

Blood eosinophil count (109 cells/L) 
Mean 
SD 
Median 

FVC (L) 
Mean 
SD 
Median 

FEF25%-75% (L/s) 
Mean 
SD 
Median 

57 (54) 58 (56) 60 (57) 175 (56) 
48 (46) 46 (44) 46 (43) 140 (44) 
n=57 n=58 n=60 n=175 
2.0 2.0 2.1 2.0 

1.27 1.68 1.63 1.53 
1.0 1.0 1.0 1.0 

n=105 n=103 n=100 n=308 
20.7 20.0 20.4 20.4 
14.49 15.23 15.64 15.07 
18.3 17.8 16.3 17.3 

n=105 n=103 n=105 n=313 
2.2 2.2 2.2 2.2 

0.81 0.85 0.79 0.82 
2.1 2.1 2.1 2.1 

n=105 n=103 n=105 n=313 
71.1 68.8 70.4 70.1 

19.84 18.48 18.43 18.89 
72.0 71.0 70.7 72.0 

n=105 n=104 n=106 n=315 
25.4 24.2 26.2 25.3 

15.62 13.62 18.63 16.08 
20.0 20.1 19.9 20.0 

n=105 n=104 n=106 n=315 
0.6 0.6 0.6 0.6 

0.43 0.49 0.39 0.44 
0.5 0.5 0.5 0.5 

n=105 n=103 n=105 n=313 
3.3 3.3 3.2 3.3 

1.05 1.12 1.01 1.06 
3.2 3.2 3.0 3.1 

n=105 n=103 n=105 n=313 
1.7 2.3 1.7 1.9 

0.92 8.96 1.54 5.24 
1.5 1.3 1.5 1.4 

AQLQ total score n=105 n=103 n=105 n=313
 
Mean 4.4 4.5 4.2 4.4
 

Reference ID: 3874259 
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SD 1.20 1.24 1.23 1.23 
Median 4.5 4.6 4.3 4.5 

ACQ score n=105 n=104 n=106 n=315 
Mean 2.5 2.5 2.6 2.5 
SD 0.83 0.91 0.91 0.88 
Median 2.3 2.4 2.4 2.4 

ASUI score n=105 n=104 n=106 n=315 
Mean 0.7 0.7 0.7 0.7 
SD 0.19 0.21 0.20 0.20 
Median 0.7 0.7 0.7 0.7 

Used beta-agonist in past 3 days, n (%) 
Yes 81 (77) 72 (69) 78 (74) 231 (73) 
No 23 (22) 32 (31) 28 (26) 83 (26) 

Daily average number of puffs in past 3 days n=104 n=104 n=106 n=314 
Mean 2.3 1.9 2.2 2.1 
SD 2.20 2.44 2.56 2.41 
Median 2.0 1.3 1.5 1.7 

Source Reviewer 

3.2.1.4 Results and Conclusions 

The primary endpoint was the change from baseline over 16 weeks in FEV1. In study 3081, 
patients receiving reslizumab had statistically significantly higher increases from baseline 
compared to placebo (Figure 1 and Table 5). Both dose levels produced significant 
improvements in FEV1 over the treatment period. The treatment effect ranged from 115 mL to 
160 mL with overlapping 95% confidence intervals. The MMRM estimation that included all 
measurements without exclusions due to confounding medication produced similar results. 

Figure 1 Mean Change from Baseline in FEV1 to Each Visit and Endpoint (Study 3081)a 

* p≤0.05, ** p≤0.005 versus placebo. P-values are not adjusted to control for multiplicity. 
a The only timepoint which has been controlled for multiplicity is week 16. 
Source: Study 3081 Report Figure 3 
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Table 5 Change from Baseline in FEV1 over 16 weeks (FAS, Study 3081) 
Applicant’s Analysis FDA Analysis 

excluding some measurements* including all measurements 
Placebo Reslizumab Reslizumab Placebo Reslizumab Reslizumab 

0.3 mg/kg 3.0 mg/kg 0.3 mg/kg 3.0 mg/kg 
N 103 101 102 103 101 102 
Baseline mean 2.22 2.16 2.17 2.22 2.16 2.17 
LS mean change 0.13 0.24 0.29 0.13 0.24 0.29 
Treatment diff. NA 0.12 0.16 NA 0.11 0.16 

95% CI NA (0.02, 0.22) (0.06, 0.26) NA (0.01, 0.21) (0.06, 0.26) 
p-value NA 0.024 0.002 NA 0.028 0.002 

*The Applicant excluded data points if they were obtained at visits preceded by use of prohibited 
medications within seven days. Medications included systemic corticosteroids, long acting beta agonists, 
or long acting muscarinic antagonists if not taken at baseline. 
Source: Reviewer 

A sensitivity analysis of the primary efficacy endpoint using a multiple imputation method for 
missing values demonstrated significant improvement in FEV1 for both reslizumab treatment 
groups compared with placebo, consistent with the primary results. 

Reference ID: 3874259 
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Analyses of the secondary efficacy variables are summarized in Table 6. Both dose levels of 
reslizumab led to overall improvement measured by lung function (FEV1, FVC, and FEF25%-75%) 
and patient-reported asthma control (AQLQ, ACQ, and ASUI), decrease in SABA rescue inhaler 
use, and reductions in blood eosinophil counts. Both doses of reslizumab improved lung function, 
quality of life and asthma symptoms. Secondary efficacy endpoints were not controlled for 
multiplicity and were considered exploratory. 

Table 6 Secondary endpoints in Study 3081 (FAS with all measurements included) 
Treatment difference Over 16 Weeks At Week 16 

vs placebo Reslizumab Reslizumab Reslizumab Reslizumab 
0.3 mg/kg 3.0 mg/kg 0.3 mg/kg 3.0 mg/kg 

FEV1 Diff. 0.13 0.17 
95% CI (–0.00, 0.25) (0.04, 0.29) 
p-value 0.0555 0.0118 

FVC Diff. 0.04 0.129 0.03 0.11 
95% CI (–0.06, 0.15) (0.023, 0.235) (–0.11, 0.16) (–0.02, 0.25) 
p-value 0.415 0.017 0.692 0.094 

FEF25%-75% Diff. 0.03 0.233 0.045 0.216 
95% CI (-0.21, 0.26) (-0.006, 0.471) (–0.205, 0.296) (–0.035, 0.467) 
p-value 0.840 0.056 0.722 0.092 

AQLQ Diff. 0.27 0.36 0.27 0.36 
95% CI (–0.05, 0.58) (0.05, 0.67) (–0.05, 0.58) (0.05, 0.67) 
p-value 0.093 0.024 0.093 0.024 

ACQ Diff. –0.23 –0.36 –0.21 –0.35 
95% CI (–0.45, –0.01) (–0.58, –0.14) (–0.48, 0.07) (–0.63, –0.08) 
p-value 0.038 0.001 0.145 0.013 

ASUI Diff. 0.05 0.05 0.04 0.04 
95% CI (0.01, 0.09) (0.01, 0.09) (–0.01, 0.09) (–0.01, 0.09) 
p-value 0.010 0.016 0.123 0.122 

SABA Diff. –0.61 –0.63 –0.62 –0.71 
95% CI (–1.11, –0.11) (–1.13, –0.13) (–1.24, 0.02) (–1.34, –0.08) 
p-value 0.017 0.014 0.056 0.027 

EOS Diff. –0.32 –0.49 –0.32 –0.46 
95% CI (–0.37, –0.28) (–0.54, –0.45) (–0.38, –0.26) (–0.52, –0.40) 
p-value <0.001 <0.001 <0.001 <0.001 

Source: Reviewer 
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Table 7 shows the proportion of patients achieving at least a 0.5-point improvement in AQLQ 
total score from baseline, or a 0.5-point improvement in ACQ total score from baseline. These 
thresholds are considered minimally clinically important difference by the clinical team. While 
not controlled for multiplicity, the proportion of ACQ or AQLQ responders at Week 16 was 
numerically greater in the reslizumab group compared with that in the placebo group. These 
results are supportive of the efficacy of reslizumab. 

Table 7 Proportion of ACQ and AQLQ responders at week 16 (Study 3081) 
Reslizumab ReslizumabPlaceboParameter 0.3 mg/kg 3.0 mg/kg (N=105) 

(N=106) (N=106) 
ACQ n=84 n=92 n=91 

Responders, n (%) 49 (58) 56 (61) 58 (64) 
p-value (vs. placebo) 0.806 0.479 

AQLQ n=101 n=96 n=99 
Responders, n (%) 48 (48) 57 (59) 63 (64) 

p-value (vs. placebo) 0.083 0.019 
Source: Reviewer 

Reference ID: 3874259 
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3.2.2 Study 3082 and Study 3083 

3.2.2.1 Study Design and Endpoints 

Studies 3082 and 3083 were 52-week, randomized, placebo-controlled studies in patients 12 
years of age and older who had a blood eosinophil count of at least 400 cells/μL at screening, and 
at least one asthma exacerbation requiring systemic corticosteroid use over the past 12 months. 
Eligible subjects were stratified by OCS use at enrollment (yes or no), region (US or other) and 
randomly assigned in a 1:1 ratio to receive an infusion with reslizumab 3.0 mg/kg or matching 
placebo. During the 52-week treatment period, patients received study drug once every 4 weeks 
for a total of 13 doses. After the end-of-treatment visit, patients either enrolled in the open-label, 
long-term study 3085 or returned for an assessment 90 (±7) days after their end-of-treatment visit 
in this study. 

The primary efficacy measure for both studies 3082 and 3083 was the frequency of clinical 
asthma exacerbations for each patient during the 52-week treatment period. In both studies, an 
asthma exacerbation was defined as a worsening of asthma that required the following medical 
intervention: 

1) use of systemic, or an increase in the use of inhaled, corticosteroid treatment for 3 or 
more days, and/or 

2)	 asthma-related emergency treatment including at least one of the following: 
a.	 an unscheduled visit to the physician’s office for nebulizer treatment or other 

urgent treatment to prevent worsening of asthma symptoms; 
b.	 a visit to the emergency room for asthma-related treatment; or 
c. an asthma-related hospitalization. 

The above criteria must be corroborated with at least one of the following: 
1) a decrease in FEV1 by 20% or more from baseline; 
2) a decrease in peak expiratory flow rate by 30% or more from baseline on 2 consecutive 

days; or 
3) worsening of symptoms or other clinical signs per physician evaluation of the event. 

The secondary variables for both studies were as follows: 
1)	 FEV1 : Change from baseline to week 16 
2)	 FEV1 : Overall change from baseline over 16 weeks 
3) AQLQ: Change from baseline to week 16 
4) ACQ: Change from baseline over 16 weeks 
5)	 Time to 1st exacerbation 
6)	 ASUI: Overall change from baseline over 16 weeks 
7)	 SABA: Overall change from baseline over 16 weeks 
8)	 Blood EOS: Overall change from baseline over 16 weeks and 52 weeks 

Reference ID: 3874259 
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3.2.2.2 Statistical Methodologies 

For the primary endpoint, frequency of asthma exacerbations was analyzed using a generalized 
linear model with negative binomial distributions and had the treatment group and randomization 
stratification factors (baseline OCS use and geographical region) as model factors. The offset 
variable was logarithm of follow up time excluding the summed duration of exacerbations in the 
treatment period. Exacerbations that occur between the completion of the first dose of study drug 
and two weeks after the end of treatment or early withdrawal visit were counted for the analysis. 
The primary analysis was based on randomized dataset including all patients who were randomly 
assigned to a treatment at enrollment, regardless of whether or not a patient took any study drug. 

As supportive analyses for the primary variable, the same model was used to analyze the 
following endpoints: 
 frequency of asthma exacerbations requiring courses of systemic corticosteroids 

prescribed for 3 or more days 
 frequency of asthma exacerbations requiring courses of oral corticosteroids prescribed for 

3 or more days 
 frequency of asthma exacerbations resulting in hospitalization or a visit to the emergency 

room (ER) 

Furthermore, in response to the Division’s request, the applicant submitted additional analysis of 
exacerbations by severity level defined as follows: Any asthma exacerbation resulting in an ER 
visit that required hospital admission was classified as severe, any asthma exacerbation resulting 
in an ER visit that required systemic corticosteroid was classified as moderate, and any ER visit 
that was not associated with the use of systemic corticosteroids or hospitalization was classified 
as mild. The analyses were based on the same negative binomial model applied for each severity 
level or worse. 

The analyses for the secondary efficacy endpoints were as follows: Change from baseline in 
FEV1 were analyzed using a MMRM model including variables of treatment, visit, and treatment 
by visit interaction, OCS use at baseline, region, gender, height, and baseline FEV1. Analysis of 
AQLQ, ACQ, ASUI, SABA, and EOS were conducted using MMRM including variables of 
treatment, visit, and treatment by visit interaction, OCS use at baseline, region, and respective 
baseline value. The proportion of patients achieving the minimal clinically important difference 
(MCID, at least a 0.5 improvement in AQLQ score, or at least a 0.5 reduction in ACQ score) 
were analyzed by the CMH test with stratification for baseline OCS use and region. Time to first 
exacerbation was analyzed using the Kaplan-Meier method with a log-rank test adjusting for 
baseline usage of OCS and region. Patients without exacerbation were censored at two weeks 
after the treatment completion date or study discontinuation, whichever came first. 

To control the overall Type I error rate at 0.05, a fixed sequence multiple testing procedure was 
implemented to test the primary and secondary variables in the order specified in Section 3.2.2.1. 
If the resulting 2-sided p-value from the primary comparison was less than 0.05, then the next 
comparison of interest (first secondary variable) would be interpreted inferentially at 0.05. This 
process continued through the secondary variables until either all comparisons of interest were 
interpreted inferentially, or until the point at which the resulting 2-sided p-value for a 
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comparison of interest was greater than 0.05. At the point where p-value was greater than 0.05, 
no further comparisons would be interpreted inferentially. If the analyses of each of the 
secondary endpoints resulted in p-value less than 0.05, then the supportive analysis of the 
primary efficacy variable (frequency of exacerbations requiring systemic corticosteroids for 3 or 
more days) was to be considered controlled for Type I error rate. 

Missing data were not imputed in the negative binomial regression model for the primary 
analysis. Sensitivity analyses of the primary endpoint utilized a multiple imputation method and 
a tipping-point sensitivity analysis. The multiple imputation method assumed that the 
exacerbation frequency was higher after withdrawal from the study if the reason was either lack 
of efficacy or withdrawal due to asthma exacerbation (Scenario 1); or remained within the 
natural fluctuation limits (Scenario 2) otherwise. Thus missing values in Scenario 2 were 
considered to be missing at random and imputed per stratification factors while missing values in 
Scenario 1 were supposed to follow a missing not at random pattern and imputed against the 
potential bias in favor of the reslizumab group. The tipping point analysis evaluated several 
combinations of imputed missing data values until it reached a “tipping point” or a point at 
which a particular combination of imputed missing data changed the study’s conclusions, as 
summarized by its p-value. If the sensitivity analysis revealed that the tipping point consists of 
unreasonable values, then the robustness of the study results was supported. Additionally, the 
primary analysis was repeated using an offset that did not exclude the summed duration of 
exacerbations from the follow up time. 
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3.2.2.3 Patient Disposition, Demographic and Baseline Characteristics 

A total of 953 subjects were enrolled in studies 3082 and 3083, of which 952 subjects received at 
least 1 dose of study drug and 835 subjects completed the trial. In study 3082, 56 (11%) subjects 
stopped medication early and 56 (11%) discontinued from the study prematurely. In study 3083, 
62 (13%) subjects terminated study drug early and 63 (14%) prematurely discontinued from the 
study. The most common reason for discontinuation from study drug treatment was consent 
withdrawn (5% of patients overall in each study). Patient disposition for each study is shown in 
Table 8. 

Table 8 Patient disposition in studies 3082 and 3083 
Study 3082 Study 3083 

Placebo Reslizumab Placebo Reslizumab 
Randomized 244 245 232 232 

Never dosed 1 0 0 0 
Treated 243 245 232 232 

Completed treatment 215 (88%) 218 (89%) 200 (86%) 202 (87%) 
Discontinued treatment 29 (12%) 27 (11%) 32 (14%) 30 (13%) 

Completed study 215 (88%) 218 (89%) 199 (86%) 202 (87%) 
Discontinued study 29 (12%) 27 (11%) 33 (14%) 30 (13%) 

Discrepancies in OCS use between 
IVRS and CRF 16 (6.6%) 28 (11.4%) 15 (6.5%) 11 (4.7%) 

Analysis Datasets 
Randomized Set 244 245 232 232 
Full analysis set 243 245 232 232 

Safety Set 243 245 232 232 
OCS: oral corticosteroid; IVRS: interactive voice response system; CRF: case report form 
Source: Reviewer 

Stratification factors utilized for randomization in Studies 3082 and 3083 were OCS use at 
enrollment (yes or no) and region (US or other). For geographic region, the CRF and IVRS 
records were in accord. Misclassification for baseline OCS use, as determined by the IVRS 
versus the CRF, occurred in 44 (9%) patients in Study 3082 and 26 (6%) patients in Study 3083, 
respectively. I performed sensitivity analyses for the primary efficacy endpoint to address the 
impact of discordance between IVRS and CRF stratification status. 
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Selected demographic features for all randomized patients are shown for both studies in Table 9. 
Within each study, subject demographics and baseline characteristics were generally balanced 
among the two treatment groups. The majority of subjects were female, white, and of non-
Hispanic or non-Latino ethnicity. The median age was 48 years in both studies. There were 13 
(3%) subjects in study 3082 and 12 (3%) subjects in study 3083 who were less than 18 years old. 
Fifteen percent (15%) of the patients in Study 3082 and 7% in Study 3083 were from the US. 

Table 9 Studies 3082 and 3083 demographics 
Study 3082 Study 3083 

Placebo Reslizumab Placebo Reslizumab 
(N=244) (N=245) (N=232) (N=232) 

Age (years) 
Mean 46.7 46.6 47.5 46.4 
SD 14.83 13.82 13.75 13.79 
Median 49.0 48.0 48.0 48.0 

Age group, n (%) 
12-17 years 7 (3) 6 (2) 4 (2) 8 (3) 
18-64 years 212 (87) 224 (91) 208 (90) 207 (89) 
≥65 years 25 (10) 15 (6) 20 (9) 17 (7) 

Gender, n (%) 
Male 83 (34) 103 (42) 82 (35) 88 (38) 
Female 161 (66) 142 (58) 150 (65) 144 (62) 

Race, n (%) 
White 182 (75) 173 (71) 169 (73) 168 (72) 
Black 20 (8) 14 (6) 4 (2) 6 (3) 
Asian 33 (14) 50 (20) 21 (9) 16 (7) 
American Indian or 
Alaskan Native 0 0 4 (2) 7 (3) 

Pacific Islander 0 1 (<1) 1 (<1) 0 
Other 9 (4) 7(3) 33 (14) 35 (15) 

Ethnicity, n (%) 
Hispanic or Latino 21 (9) 28 (11) 53 (23) 54 (23) 
Non-Hispanic or non-Latino 223 (91) 216 (88) 178 (77) 177 (76) 
Unknown 0 1 (<1) 1 (<1) 1 (<1) 

Weight (kg) 
Mean 76.5 75.6 73.9 74.7 
SD 18.71 19.05 15.93 15.72 
Median 74.9 73.8 72.0 73.2 

Region, n (%) 
US 37 (15) 37 (15) 15 (6) 16 (7) 
Non-US 207 (85) 208 (85) 217 (94) 216 (93) 

Source: Reviewer 
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Table 10 Studies 3082 and 3083 disease characteristics at baseline 
Study 3082 Study 3083 

Placebo Reslizumab Placebo Reslizumab 
(N=244) (N=245) (N=232) (N=232) 

Asthma exacerbations within 12 months 
per CRF, n (%) 

Yes 242 (>99) 242 (99) 232 (100) 231 (>99) 
No 2 (<1) 3 (1) 0 1 (<1) 
Number of events n=242 n=242 n=232 n=232 

Mean 2.1 1.9 2.0 1.9 
SD 2.31 1.63 1.78 1.58 
Median 1.0 1.0 1.0 1.0 

Duration of asthma (years) n=234 n=233 n=231 n=232 
Mean 18.8 19.7 18.7 18.2 
SD 14.2 15.19 13.28 14.43 
Median 15.8 15.3 15.5 14.2 

FEV1 (L) n=244 n=245 n=232 n=232 
Mean 2.0 1.9 2.0 2.1 
SD 0.79 0.73 0.67 0.79 
Median 1.8 1.8 1.9 2.0 

% predicted FEV1 n=244 n=245 n=232 n=232 
Mean 65.0 63.6 68.0 70.4 
SD 19.80 18.55 18.93 20.98 
Median 65.0 64.0 65.3 68.9 

Airway reversibility (%) n=244 n=245 n=232 n=232 
Mean 26.3 26.1 28.7 28.1 
SD 18.10 15.47 23.75 16.06 
Median 20.4 21.1 21.9 23.8 

Blood eosinophil count (109 cells/L) n=244 n=245 n=232 n=232 
Mean 0.62 0.70 0.69 0.61 
SD 0.59 0.77 0.68 0.41 
Median 0.5 0.5 0.5 0.5 

AQLQ total score n=242 n=243 n=231 n=229 
Mean 4.16 4.3 4.2 4.4 
SD 1.09 1.12 1.08 1.02 
Median 4.1 4.3 4.2 4.3 

ACQ score n=244 n=245 n=232 n=232 
Mean 2.8 2.7 2.6 2.6 
SD 0.88 0.85 0.79 0.89 
Median 2.7 2.6 2.4 2.4 

ASUI score n=241 n=241 n=229 n=228 
Mean 0.6 0.6 0.7 0.7 
SD 0.20 0.19 0.19 0.20 
Median 0.6 0.7 0.7 0.7 
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Study 3082 Study 3083 
Placebo Reslizumab Placebo Reslizumab 
(N=244) (N=245) (N=232) (N=232) 

Used beta-agonist in past 3 days, n (%) 
Yes 188 (77) 170 (69) 181 (78) 182 (78) 
No 53 (22) 72 (29) 46 (20) 44 (19) 

Daily average number of puffs in past 3 
days n=241 n=242 n=201 n=204 

Mean 2.7 2.4 2.7 2.9 
SD 3.18 2.82 2.41 2.82 
Median 2.0 2.0 2.0 2.0 

Source: Reviewer 
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3.2.2.4 Results and Conclusions 

3.2.2.4.1 Primary Endpoint 

The frequency distribution of exacerbations during the 52-week treatment period is shown in 
Figures 2 and 3. The proportion of patients who did not experience an asthma exacerbation 
during the entire treatment period was higher in the reslizumab group (62% and 75%) compared 
with the placebo group (46% and 55%), in studies 3082 and 3083, respectively. 

Figure 2 Number of Asthma Exacerbations per Patient (Study 3082) 

Source: Study 3082 report, Figure 15.2 

Figure 3 Number of Asthma Exacerbations per Patient (Study 3083) 

Source: Study 3083 report, Figure 15.2 
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The primary efficacy assessment for both studies was based on the frequency of clinical asthma 
exacerbations for each patient during the 52-week treatment period. Results are shown in Table 
11. Compared to placebo, mean annualized rate of clinical asthma exacerbation was statistically 
significantly reduced among patients administered reslizumab in both studies. The point estimate 
for exacerbation rate ranged from 0.86 to 0.90 per year in reslizumab-treated patients versus 1.80 
to 2.11 per year in placebo patients. The analysis demonstrated 50% and 59% reductions in the 
rates of exacerbations due to reslizumab treatment in Studies 3082 and 3083, respectively. 

To evaluate the impact of stratification errors, I conducted an alternative analysis of the primary 
endpoint by including the actual values for OCS use from the clinical database in the model. The 
results were consistent in supporting the efficacy of reslizumab treatment as measured by the 
frequency of asthma exacerbation. 

Table 11 Asthma exacerbation rates in studies 3082 and 3083 (Randomized Set) 
Study 3082 Study 3083 

Placebo Reslizumab Placebo Reslizumab 
(N=244) (N=245) (N=232) (N=232) 

Patients with ≥1 event, n (%) 132 (54.1) 92 (37.6) 105 (45.3) 59 (25.4) 
Frequency of events, Mean (SD) 1.34 (1.76) 0.72 (1.22) 1.01 (1.67) 0.46 (0.96) 

Applicant’s Analysis* 
Rate per year 1.80 0.90 2.11 0.86 

(95% CI) (1.37, 2.37) (0.68, 1.20) (1.33, 3.36) (0.55, 1.35) 
Rate ratio - 0.50 - 0.41 

(95% CI) (0.37, 0.67) (0.28, 0.59) 
p-value <0.0001 <0.0001 

Reviewer’s Analysis** 
Rate per year 1.92 1.0 2.17 0.87 

(95% CI) (1.45, 2.55) (0.73, 1.35) (1.33, 3.54) (0.55, 1.40) 
Rate ratio - 0.52 - 0.40 

(95% CI) (0.38, 0.70) (0.28, 0.58) 
p-value <0.0001 <0.0001 

*Based on a negative binomial regression model with adjustment for IVRS stratification factors (baseline
 
usage of OCS [yes or no] and geographical region [US or other]).
 
**Based on a negative binomial regression model with adjustment for CRF record (baseline usage of
 
OCS [yes or no] and geographical region [US or other]).
 
Source: Reviewer 
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A supportive analysis of the primary efficacy variable involved analysis of exacerbations by type 
of medical intervention (Table 12). The efficacy of reslizumab in reducing the frequency of 
exacerbations compared to placebo in patients with exacerbations requiring oral or systemic 
corticosteroids for 3 or more days was consistent with the results of the primary efficacy analysis. 
For patients with exacerbations requiring an emergency room visit and/or hospitalization during 
the study, the estimated exacerbation rate was lower in the reslizumab group compared to 
placebo but the difference was not statistically significant. Note these analyses were not 
considered controlled for multiplicity since sequential testing stopped at some secondary 
endpoints (Section 3.2.2.4.2). 

Table 12 Frequency of asthma exacerbations by type of medical intervention 
Study 3082 Study 3083 

Exacerbations requiring Placebo Reslizumab Placebo Reslizumab 
(N=244) (N=245) (N=232) (N=232) 

Systemic corticosteroids use 
Patients with ≥1 event, n (%) 118 (48.4) 80 (32.7) 92 (39.7) 49 (21.1) 

Frequency of events, Mean (SD) 1.12 (1.61) 0.55 (1.05) 0.80 (1.43) 0.35 (0.82) 

Rate per year 1.60 0.72 1.66 0.65 
(95% CI) (1.20, 2.15) (0.53, 0.99) (1.00, 2.74) (0.40, 1.05) 

Rate ratio - 0.45 - 0.39 
(95% CI) 

p-value 
(0.33, 0.62) 

<0.0001 
(0.26, 0.58) 

<0.0001 
Oral corticosteroids use 

Patients with ≥1 event, n (%) 117 (48.0) 77 (31.4) 86 (37.1) 46 (19.8) 
Frequency of events, Mean (SD) 1.09 (1.59) 0.53 (1.02) 0.75 (1.42) 0.34 (0.82) 

Rate per year 1.59 0.70 1.61 0.65 
(95% CI) (1.18, 2.14) (0.51, 0.96) (0.95, 2.72) (0.39, 1.07) 

Rate ratio - 0.44 - 0.40 
(95% CI) 

p-value 
(0.32, 0.61) 

<0.0001 
(0.27, 0.61) 

<0.0001 
Hospital and/or ER visit 

Patients with ≥1 event, n (%) 21 (8.6) 22 (9.0) 12 (5.2) 9 (3.9) 
Frequency of events, Mean (SD) 0.17 (0.72) 0.10 (0.34) 0.06 (0.25) 0.04 (0.19) 

Rate per year 0.21 0.14 0.047 0.03 
(95% CI) (0.11, 0.40) (0.07, 0.27) (0.01, 0.17) (0.01, 0.12) 

Rate ratio - 0.66 - 0.69 
(95% CI) 

p-value 
(0.32, 1.36) 

0.257 
(0.29, 1.65) 

0.402 
Source: Reviewer 
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The frequency of asthma exacerbations were further analyzed by severity level (Table 13). 
Reslizumab reduces the rate of severe exacerbations compared with placebo with a reduction of 
45% to 56% although the difference was not statistically significant. Reslizumab significantly 
reduces the frequency of moderate and/or severe exacerbations by 55% to 61%. The analyses 
show a consistent reduction for severe, moderate or worse, and all exacerbations. Results are also 
consistent between studies 3082 and 3083. 

Table 13 Frequency of asthma exacerbations by severity 
Study 3082 Study 3083 

Placebo Reslizumab Placebo Reslizumab 
(N=244) (N=245) (N=232) (N=232) 

Severe Exacerbation 
Patients with ≥ 1 event, n(%) 11 (4.5) 9 (3.7) 8 (3.4) 5 (2.2) 

Frequency of events, Mean (SD) 0.09 (0.51) 0.04 (0.19) 0.04 (0.22) 0.02 (0.15) 

Rate per year 6.1x10-7 2.7x10-7 0.04 0.02 
(95% CI) (3.0x10-7, 1.2x10-6) (1.1x10-7, 6.6x10-7) (0.01, 0.15) (0.00, 0.09) 

Rate ratio 0.44 - 0.55 
(95% CI) - (0.15, 1.27 ) (0.19, 1.66) 

p-value 0.129 0.289 

Moderate or Worse 
Exacerbation 

Patients with ≥ 1 event, n(%) 120 (49.2) 81 (33.1) 92 (39.7) 51 (22.0) 
Frequency of events, Mean (SD) 1.14 (1.63) 0.56 (1.06) 0.81 (1.44) 0.36 (0.82) 

Rate per year 1.63 0.74 1.70 0.67 
(95% CI) (1.21, 2.17) (0.54, 1.00) (1.03, 2.80) (0.41, 1.08) 

Rate ratio 0.45 0.39 
(95% CI) (0.33, 0.62) (0.27, 0.58) 

p-value <0.0001 <0.0001 

Mild or Worse Exacerbation 
Patients with ≥ 1 event, n(%) 132 (54.1) 92 (37.6) 105 (45.3) 59 (25.4) 

Frequency of events, Mean (SD) 1.34 (1.76) 0.72 (1.22) 1.01 (1.67) 0.46 (0.96) 

Rate per year 1.80 0.90 2.11 0.86 
(95% CI) (1.37, 2.37) (0.68, 1.20) (1.33, 3.36) (0.55, 1.35) 

Rate ratio - 0.50 - 0.41 
(95% CI) (0.37, 0.67) (0.28, 0.59) 

p-value <0.0001 <0.0001 
Source: Reviewer 

To assess the impact of missing data on the primary endpoint, the applicant performed sensitivity 
analyses using a multiple imputation method, a tipping-point sensitivity analysis and an offset 
variable that did not exclude the summed duration of exacerbations from the follow-up time. All 
results were consistent with those obtained using the primary analysis model. The tipping point 
analysis showed that the number of exacerbations for treated patients who terminated early 
needed to be 3 times higher (study 3082) or 6 times higher (study 3083) than those for treated 
patients who completed the study in order for the conclusion to change. Comparing this with 
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placebo rates implied that patients who dropped out needed to be much worse than placebo, 
which was an unlikely scenario. This supported the robustness of the primary analysis. 

3.2.2.4.2 Secondary Endpoints 

The eight secondary endpoints were tested sequentially at α=0.05 since the primary analysis was 
significant. Sequential testing continued until non-significance was noted. The results are shown 
in Table 14. 

Table 14 Summary of secondary endpoints 
Study 3082 Study 3083 

Res - Pbo Res - Pbo 

Statistics Pbo Res 
(95% CI) 
p-value Pbo Res 

(95% CI) 
p-value 

FEV1 ∆* LS mean 0.14 0.21 0.07 0.12 0.22 0.10 
to Week 16 (SE) (0.03) (0.03) (0.00, 0.14) (0.05) (0.05) (0.02, 0.18) 

0.048 0.011 

FEV1 ∆ LS mean 0.11 0.25 0.14 0.09 0.19 0.09 
over 16 weeks (SE) (0.03) (0.03) (0.08, 0.20) (0.04) (0.04) (0.03, 0.16) 

<0.0001 0.004 

AQLQ ∆ LS mean 0.70 0.93 0.24 0.78 0.99 0.21 
to Week 16 (SE) (0.09) (0.09) (0.05, 0.43) (0.12) (0.12) (0.03, 0.40) 

0.014 0.026 

ACQ ∆ LS mean -0.68 -0.94 -0.27 -0.66 -0.86 -0.20 
over 16 weeks (SE) (0.07) (0.07) (-0.40, -0.13) (0.09) (0.09) (-0.33, -0.07) 

0.0001 0.003 

ASUI ∆ LS mean 0.11 0.17 0.06 0.08 0.12 0.04 
over 16 weeks (SE) (0.01) (0.01) (0.03, 0.08) (0.02) (0.02) (0.01, 0.06) 

<0.0001 0.004 

SABA ∆ LS mean -0.36 -0.64 -0.28 -0.44 -0.50 -0.06 
over 16 weeks (SE) (0.16) (0.16) (-0.60, 0.05) (0.23) (0.23) (-0.41, 0.29) 

0.092 0.7263 

EOS ∆ LS mean -0.12 -0.58 -0.47 -0.08 -0.56 -0.48 
over 16 weeks (SE) (0.02) (0.03) (-0.51, -0.42) (0.03) (0.03) (-0.52, -0.44) 

<0.0001 <0.0001 

EOS ∆ LS mean -0.13 -0.58 -0.46 -0.08 -0.57 -0.49 
over 52 weeks (SE) (0.02) (0.02) (-0.49, -0.42) (0.02) (0.02) (-0.53, -0.45) 

<0.0001 <0.0001 
*∆: Change from baseline 
Pbo: Placebo; Res: Reslizumab 
Source: Reviewer 
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Figures 4 and 5 illustrate the mean change from baseline in FEV1 to each visit. In both studies, 
statistically significant improvement was observed in the reslizumab group compared with 
placebo. The FEV1 change from baseline over 16 weeks was statistically significantly improved, 
by 137 mL in study 3082 and 93 mL in study 3083, compared to placebo. Based on the 
hierarchical testing procedure, the other secondary endpoints were tested sequentially. 

Figure 4 Mean Change from Baseline in FEV1 to Each Visit and Endpoint (Study 3082)a 

a The only timepoint which has been controlled for multiplicity is week 16. 
Source: Study 3082 report, Figure 15.3.1 

Figure 5 Mean Change from Baseline in FEV1 to Each Visit and Endpoint (Study 3083)a 

a The only timepoint which has been controlled for multiplicity is week 16. 
Source: Study 3083 report, Figure 15.3.1 
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In both studies, treatment with reslizumab resulted in statistically significant improvement over 
placebo for the following endpoints: change from baseline in FEV1 to Week 16 and over 16 
weeks, change from baseline in AQLQ score to Week 16, change from baseline in ACQ score 
over 16 weeks, time to first exacerbation, and change from baseline in ASUI score over 16 
weeks (Table 14). The Kaplan-Meier estimates of probability of not experiencing an 
exacerbation by week 52 were higher in patients receiving reslizumab than in patients receiving 
placebo in studies 3082 (61.3% vs 44.2%) and 3083 (73.2% vs 51.9%). The hazard ratio (95% 
CI), reslizumab versus placebo, was 0.575 (0.440, 0.750) (p<0.0001) in study 3082 and 0.486 
(0.353, 0.670) (p<0.0001) in study 3083, respectively. The median time-to-first exacerbation 
could not be estimated for the reslizumab treatment group in either study because less than 50% 
of patients in that group experienced an exacerbation during the treatment period. With regard to 
the change from baseline in SABA over 16 weeks, there was an improvement in favor of 
reslizumab in both studies but the results were not statistically significant. Based on the 
hierarchical testing procedure, the testing hierarchy stopped at this endpoint for both studies. The 
results for the EOS endpoints, overall change from baseline in EOS count over 16 weeks and 52 
weeks were not considered for statistical significance and will not be discussed further. 

Table 15 shows the proportion of patients achieving the minimally clinically important 
difference (≥0.5-point improvement) in AQLQ or ACQ total score from baseline. While not 
controlled for multiplicity of testing, the proportion of ACQ or AQLQ responders at Week 16 
was numerically greater in the reslizumab group compared with placebo. These results are 
considered exploratory but supportive for the efficacy of reslizumab. 

Table 15 Proportion of ACQ and AQLQ Responders at Week 16 
Study 3082 Study 3083 

Placebo Reslizumab Placebo Reslizumab Parameter (N=244) (N=245) (N=232) (N=232) 
ACQ n=228 n=232 n=214 n=214 

Responders, n (%) 149 (65) 159 (69) 124 (58) 149 (70) 
p-value (vs. placebo) 0.4706 0.0103 

AQLQ n=229 n=228 n=216 n=213 
Responders, n (%) 133 (58) 151 (66) 119 (55) 142 (67) 

p-value (vs. placebo) 0.0620 0.0140 
Source: Reviewer 
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3.2.3 Study 3084 

3.2.3.1 Study Design and Endpoints 

Study 3084 was a 16-week, randomized, placebo-controlled study that evaluated patients 18 
years of age and older, unselected for baseline blood eosinophil levels. The primary objective 
was to characterize the efficacy of reslizumab treatment, at a dosage of 3.0 mg/kg administered 
every 4 weeks for a total of 4 doses, in relation to blood eosinophil levels in patients with 
moderate to severe asthma. Eligible patients were randomly assigned in a blinded fashion (4:1) 
to reslizumab at 3.0 mg/kg or placebo, stratified according to the occurrence of previous asthma 
exacerbations within the past year (yes or no). 

The primary efficacy variable for this study was the change from baseline in FEV1 at week 16. 
The key secondary variables for this study were as follows:
 
 FEV1: overall change from baseline over 16 weeks
 
 ACQ: overall change from baseline over 16 weeks
 

The other secondary variables for this study were as follows: 
 ACQ: change from baseline to weeks 4, 8, 12, and 16 or upon early withdrawal 
 FEV1, percent predicted FEV1, FVC, and FEF25%-75%: change from baseline to weeks 4, 8, 

12, and 16 or upon early withdrawal 
 SABA use: change from baseline to weeks 4, 8, 12, and 16 or upon early withdrawal 
 Blood EOS: change from baseline to weeks 4, 8, 12, 16, and follow-up or upon early 

withdrawal 

3.2.3.2 Statistical Methodologies 

Study 3084 was designed to support applicant’s definition of its chosen eosinophil threshold 
count of ≥400 cells/μL for enrichment design by examining FEV1 response and baseline blood 
eosinophil count interaction. The primary analysis utilized a linear regression model with model 
effects including treatment, blood eosinophil count at baseline, and the interaction of treatment 
by eosinophil count. Interaction was tested at the significance level 0.10. The primary analysis 
was based on the FAS including all randomized patients who received at least dose of study drug. 
The applicant’s analysis excluded some measurements due to prohibited medication use. My 
analysis included all measurements. 

For the analyses of key secondary endpoints, overall change from baseline in FEV1 and ACQ, a 
MMRM model was used with independent variables of treatment, visit, treatment by visit 
interaction, history of asthma exacerbation in the previous 12 months (yes or no), gender, height, 
and respective baseline value. Summary statistics were also provided by treatment group and 
baseline eosinophils category (≥100/µL versus <100/µL, ≥200/µL versus <200/µL, ≥300/µL 
versus <300/µL, ≥400/µL versus <400/µL). Analyses of other secondary endpoints used the 
same MMRM model as described for the key secondary endpoints. 

A fixed sequence sequential multiple testing procedure was implemented to test the primary and 
key secondary variables. If the resulting 2-sided p-value for the primary comparison was 
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significant at level 0.10, then the procedure would continue to test sequentially the key secondary 
variables in the order specified (FEV1 followed by ACQ) at the 0.05 level. There was no 
multiplicity control for other efficacy variable comparisons. 

To assess the robustness of the primary linear regression model, the applicant performed a 
sensitivity analysis using a multiple imputation approach. I conducted another sensitivity 
analysis for the primary variable using all FEV1 measurements without data exclusions. 

3.2.3.3 Patient Disposition, Demographic and Baseline Characteristics 

A total of 496 subjects were enrolled in Study 3084, all but 4 subjects received at least one dose 
of study drug. Seventy-four (15%) subjects stopped medication early and 87 (18%) discontinued 
from the study prematurely. The most common reason for discontinuation from study drug 
treatment was adverse events, occurred in 44 (9%) subjects. Patient disposition is shown in Table 
16. 

Table 16 Study 3084 disposition 
Placebo Reslizumab Total 

Randomized 98 398 496 
Never dosed 1 3 4 

Treated 97 395 492 
Completed treatment 82 (84%) 340 (85%) 422 (85%) 

Discontinued treatment 16 (16%) 58 (15%) 74 (15%) 
Completed study 79 (81%) 330 (83%) 409 (82%) 

Discontinued study 19 (19%) 68 (17%) 87 (18%) 
Discrepancies in exacerbation history 3 (3.1%) 11 (2.8%) 12 (2.4%) between IVRS and CRF 
Analysis Datasets 

Randomized Set 98 398 496 
Full Analysis Set 97 395 492 

Safety Set 97 395 492 
IVRS: interactive voice recognition system; CRF: case report form 
Source: Modified from Table 10-1 in Clinical Study Report 
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Selected demographic features for all randomized patients are shown in Table 17. Study 3084 
enrolled only adult patients in the US. Subject demographics and baseline characteristics were 
generally balanced among the two treatment groups. The majority of subjects were female (64%), 
white (67%), and of non-Hispanic or non-Latino ethnicity (90%). The median age was 44.9 years 
old. 

Table 17 Study 3084 demographics 
Placebo Reslizumab Total 
(N=98) (N=398) (N=496) 

Age, years 
n 98 398 496 
Mean 45.1 44.9 44.9 
SD 13.38 12.00 12.27 

Age group, n (%) 
18-64 years 95 (97) 394 (99) 489 (99) 
≥65 years 

Gender, n (%) 
3 (3) 4 (1) 7 (1) 

Male 
Female 

Race, n (%) 

44 (45) 
54 (55) 

137 (34) 
261 (66) 

181 (36) 
315 (64) 

White 
Black 

73 (74) 
21 (21) 

260 (65) 
113 (28) 

333 (67) 
134 (27) 

Asian 
American Indian or Alaskan Native 

2 (2) 
0 

10 (3) 
3 (<1) 

12 (2) 
3 (<1) 

Pacific Islander 
Other 

Ethnicity, n (%) 
Non-Hispanic and Non-Latino 

2 (2) 
0 

90 (92) 

0 
12 (3) 

354 (89) 

2 (<1) 
12 (2) 

444 (90) 
Hispanic or Latino 

Weight, kg 
8 (8) 44 (11) 52 (10) 

Mean 90.9 90.6 90.7 
SD 20.68 23.92 23.30 

Source: Reviewer 
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Baseline characteristics are shown in Table 18. The distributions of clinical characteristics 
including airway reversibility, FEV1, and medication use, were similar across both treatment 
groups. The mean and median blood eosinophil counts at baseline was 280 cells/µL and 217 
cells/µL, respectively. 

Table 18 Study 3084 disease characteristics at baseline 
Placebo Reslizumab Total
(N=98) (N=398) (N=496) 

Asthma exacerbation within 12 
months per CRF, n (%) 

Yes 37 (38) 166 (42) 203 (41) 
No 61 (62) 231 (58) 292 (59) 
Missing 0 1 (<1) 1 (<1) 

Number of events n=37 n=166 n=203 
Mean 2.0 1.8 1.9 
SD 1.48 1.37 1.39 
Median 1.0 1.0 1.0 

Duration of asthma (years) n=93 n=390 n=483 
Mean 25.8 26.2 26.1 
SD 16.75 15.69 15.88 
Median 23.0 23.9 23.9 

FEV1(L) n=98 n=396 n=494 
Mean 2.2 2.1 2.1 
SD 0.64 0.70 0.68 
Median 2.1 2.1 2.1 

%FEV1 predicted n=98 n=396 n=494 
Mean 66.5 66.8 66.7 
SD 15.53 16.26 16.10 
Median 67.0 67.0 67.0 

Airway reversibility (%) n=98 n=397 n=495 
Mean 24.2 26.0 25.6 
SD 13.97 17.71 17.04 
Median 19.7 20.1 20.1 

Blood eosinophil count, x 109/L n=96 n=397 n=493 
Mean 0.28 0.3 0.3 
SD 0.22 0.24 0.24 
Median 0.2 0.2 0.2 
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Placebo Reslizumab 
(N=98) (N=398) Total (N=496) 

FVC, liters n=98 n=396 n=494 
Mean 3.2 3.1 3.1 
SD 0.91 0.96 0.95 
Median 3.2 2.9 3.0 

FEF, L/sec n=96 n=393 n=489 
Mean 1.6 1.7 1.6 
SD 0.68 0.908 0.87 
Median 1.5 1.5 1.5 

ACQ score n=98 n=396 n=494 
Mean 2.6 2.6 2.6 
SD 0.70 0.70 0.70 
Median 2.6 2.4 2.4 

Used beta agonist in past 3 
days 

Yes 76 (78) 301 (76) 377 (76) 
No 22 (22) 94 (24) 116 (23) 

Daily average number of n=98 n=395 n=493 puffs in past 3 days 
Mean 2.0 1.9 1.9 
SD 1.82 1.84 1.83 
Median 1.7 1.3 1.3 

Source: Reviewer 
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3.2.3.4 Results and Conclusions 

Table 19 presents the results of primary analysis in study 3084. The linear regression model did 
not show a significant interaction between baseline blood eosinophil count and change in FEV1 
at week 16. The slope difference (active - placebo) was 0.3007 if measurements taken within 7 
days of use of confounding medication were excluded or 0.3082 otherwise. The treatment 
difference between reslizumab and placebo did not appear to be related to the baseline eosinophil 
count. 

Table 19 Linear regression analysis of change from baseline in FEV1 at Week 16 (Study 3084) 
Applicant’s Analysis Reviewer’s Analysis 

excluding some measurements including all measurements 

Placebo Reslizumab Placebo Reslizumab 
(N=97) (N=395) (N=97) (N=395) 

Slope estimate 
Slope difference 
SE 

-0.28 
0.30 
0.26 

0.02 -0.28 
0.31 
0.26 

0.03 

P-value 0.241 0.229 
Source: Reviewer 

The key secondary variable, change from baseline in FEV1 at Week 16, was analyzed in the 
overall population and in subsets of patients grouped by baseline eosinophil category using 
different cutoff points: 100 cells/μL, 200 cells/μL, 300 cells/μL, or 400 cells/μL. Table 20 shows 
the results in the overall population and subpopulation by baseline eosinophil count ‘less than’ or 
‘no less than’ 400 cells/μL, the threshold for patient inclusion into the other 3 studies (3081, 
3082, and 3083). Reslizumab produced a modest treatment effect on FEV1 in the overall 
population unselected for baseline eosinophil counts. No meaningful treatment effect was 
observed for the subset patients with a baseline eosinophil count <400 cells/μL while a 272 mL 
improvement above placebo was noted for patients with a baseline eosinophil level ≥400 
cells/μL. However, there were only 96 (20%) patients with baseline eosinophil count ≥400 
cells/μL. The p-value of 0.0436 should be interpreted cautiously since the primary analysis for 
the interaction test failed and no multiplicity was controlled in these analyses. 

Table 20 Change from baseline in FEV1 at Week 16 by baseline blood eosinophil count (Study 
3084, FAS with All Measurements Included) 

Overall EOS <400 cells/μL EOS ≥400 cells/μL 
Variable (unit) Placebo Reslizumab Placebo Reslizumab Placebo Reslizumab
 

Statistic (N=97) (N=395) (N=76) (N=317) (N=19) (N=77)
 
FEV1 (L) n=84 n=345 n=69 n=276 n=13 n=69 

Baseline mean 2.17 2.10 2.18 2.07 2.15 2.22 
LS mean change 0.19 0.25 0.21 0.24 0.00 0.27 

Treatment diff. 0.07 0.03 0.27 
(95% CI) (–0.03, 0.16) (–0.08, 0.14) (0.01, 0.53) 
p-value 0.186 0.568 0.044 

Source: Reviewer 
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To further evaluate treatment effect in FEV1 change and blood eosinophil count interaction, I 
plotted treatment difference of the FEV1 change from baseline to week 16 by baseline eosinophil 
subgroups either in 100 cells/μL increment (Figure 6) or by quartiles (Figure 7). There was no 
apparent relationship between reslizumab treatment effect and blood eosinophil count at baseline. 

Figure 6 FEV1 Change from baseline to Week 16 by baseline eosinophil counts 

Dif: Difference=Reslizumab – Placebo;
 
LCL: Lower bound of 95% confidence interval; UCL: Upper bound of 95% confidence interval;
 
Npbo: Number of placebo patients; Ntrt: Number of reslizumab-treated patients
 
Source: Reviewer 

Figure 7 FEV1 Change from baseline to Week 16 by quartiles of baseline eosinophil counts 

Dif: Difference=Reslizumab – Placebo;
 
LCL: Lower bound of 95% confidence interval; UCL: Upper bound of 95% confidence interval;
 
Npbo: Number of placebo patients; Ntrt: Number of reslizumab-treated patients
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Source: Reviewer 
Table 21 presents the summary of ACQ, FVC, and SABA endpoints in the overall population 
and in subsets of patients with baseline eosinophil count either ‘less than’ or ‘no less than’ 400 
cells/μL. There was no notable treatment effect for the overall population and for patients with a 
baseline eosinophil count <400 cells/μL. Numerical reslizumab treatment effect was observed in 
patients with a baseline eosinophil level ≥400 cells/μL. Again, interpretation of results in the 
≥400 cells/μL group should be exploratory only. 

Table 21 Summary of selected secondary endpoints by baseline blood eosinophil count (Study 
3084, FAS with all measurements included) 

Overall EOS<400 /μL) EOS ≥400 /μL 

Variable (unit) Placebo Reslizumab Placebo Reslizumab Placebo Reslizumab 
Statistic (N=97) (N=395) (N=76) (N=317) (N=19) (N=77) 

ACQ score 
Baseline mean 2.57 2.56 2.56 2.57 2.68 2.50 

LS mean change –0.65 –0.84 –0.72 –0.83 –0.37 –0.86 
Treatment diff. –0.18 –0.11 –0.49 

(95% CI) (–0.37, 0.01) (–0.32, 0.10) (–1.01, 0.03) 
p-value 0.064 0.316 0.064 

FVC (liters) 
Baseline mean 3.21 3.04 3.22 2.97 3.21 3.32 

LS mean change 0.23 0.25 0.25 0.25 0.06 0.23 
Treatment diff. 0.01 -0.01 0.18 

(95% CI) (-0.10, 0.12) (-0.13, 0.11) (-0.14, 0.49) 
p-value 0.837 0.890 0.268 

SABA (puffs/day) 
Baseline mean 2.0 1.9 1.98 1.91 2.11 1.91 

LS mean change -0.43 -0.34 -.46 -.22 -.13 -.79 
Treatment diff. 0.08 0.23 -0.66 

(95% CI) (-0.31, 0.48) (-.22, 0.68) (-1.54, 0.22) 
p-value 0.680 0.311 0.142 

Source: Reviewer 
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3.3 EVALUATION OF SAFETY 

The safety assessment of reslizumab for asthma was derived primarily from one Phase 2 study 
(Res 5-0010) and four phase 3 studies (3081, 3082, 3083, and 3084) which included a total of 
1870 patients of whom 1028 patients received reslizumab 3.0 mg/kg every 4 weeks. 

Four deaths were reported in the reslizumab development program, three during the open-label 
extension study 3085 and one in the placebo arm of study 3082. None were considered to be 
related to study drug. Serious adverse events (SAEs) occurred with comparable frequencies 
between reslizumab and placebo treatment groups. The majority of the SAEs were related to 
asthma (2% in reslizumab 3.0 mg/kg and 3% in placebo). Anaphylaxis as a treatment-related 
SAE was reported in 4 patients in the reslizumab 3.0 mg/kg treatment group. 

Common adverse events reported were asthma (23% in reslizumab vs 40% in placebo), 
nasopharyngitis (10% in reslizumab vs 14% in placebo), upper respiratory tract infections (9% in 
reslizumab vs 10% in placebo), headache (8% in reslizumab vs 9% in placebo), and sinusitis (6% 
in reslizumab vs 7% in placebo). There were no adverse events for reslizumab that occurred with 
a frequency 1% or higher than that of placebo. There were no trends observed in events leading 
to study discontinuations. 

Please refer to the review by Medical Officer, Dr. Kathleen Donohue, for more detailed 
discussion of safety evaluation. 
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4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 

Subgroup analyses for the primary efficacy endpoint were conducted to assess the consistency of 
treatment effects across demographic and clinical subgroups including gender, race, age, region, 
number of asthma exacerbations in the prior year and use of OCS at study entry. The treatment 
effects were evaluated in each subgroup using the same model as used for the primary analysis. 
Since these were descriptive analyses, overall Type I error was not controlled. Results from 
studies 3081, 3082, and 3083 are presented in this section. Subgroup analysis was not performed 
for study 3084 since its primary objective was to characterize the efficacy of reslizumab 
treatment in relation to baseline blood eosinophil levels and the primary analysis failed. 

The conclusions were generally consistent with those from the overall study population. The 
efficacy of reslizumab treatment was supported by most subgroup analyses of FEV1 change from 
baseline or frequency of asthma exacerbation. For some subgroups, results were less favorable 
and interpretation should be treated with caution due to the small number of subjects in those 
subgroups. 

4.1 Gender, Race, Age, and Geographic Region 

Number of patients in selected demographic subgroups is listed in Table 22. 

Table 22 Sample sizes for particular demographics 
Category Study 

3081* 3082 3083 
Randomized 315 489 464 
12 to 17 years old 15 (5%) 13 (3%) 12 (3%) 
Male 132 (42%) 186 (38%) 170 (37%) 
African American 18 (6%) 34 (7%) 10 (2%) 
USA 115 (37%) 74 (15%) 31 (7%) 
*including patients in the 0.3 mg/kg reslizumab group. 
Source: Reviewer 
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For Study 3081, the estimated treatment difference (reslizumab 3.0 mg/kg - placebo) in FEV1 
change from baseline over 16 weeks is summarized according to gender, age, race, and 
geographic region in Figure 8. While most subgroup comparisons showed treatment benefit, 
point estimates for differences observed for patients aged 12 to 17 or at least 65 years old 
favored placebo. 

Figure 8 FEV1 Change from baseline over 16 weeks by demographics (Study 3081) 

Dif: Difference=Reslizumab – Placebo;
 
LCL: Lower bound of 95% confidence interval; UCL: Upper bound of 95% confidence interval;
 
Npbo: Number of placebo patients; Ntrt: Number of reslizumab-treated patients
 
Source: Reviewer 
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For the exacerbation studies 3082 and 3083, the estimated rate ratios for different demographic 
subgroups during the 52 weeks treatment period are displayed in Figures 9 and 10. Results for 
most subgroup analyses are consistent with those for the overall population. However, the 
reslizumab-versus-placebo exacerbation rate ratios were greater than 1 for patients aged 12 to 17 
years of age (study 3082), African American patients or patients enrolled in the US (study 3083) 
suggesting that reslizumab did not reduce the frequency of exacerbations in these subgroups. 
Interpretation of these results, however, is limited due to the small number of patients in these 
groups combined with lack of duplication between the two studies. 

Figure 9 Exacerbation rate ratios by demographics (Study 3082) 

RR=Reslizumab versus Placebo;
 
LCL: Lower bound of 95% confidence interval; UCL: Upper bound of 95% confidence interval;
 
Npbo: Number of placebo patients; Ntrt: Number of reslizumab-treated patients
 
Source: Reviewer 
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Figure 10 Exacerbation rate ratios by demographics (Study 3083) 

RR=Reslizumab versus Placebo;
 
LCL: Lower bound of 95% confidence interval; UCL: Upper bound of 95% confidence interval;
 
Npbo: Number of placebo patients; Ntrt: Number of reslizumab-treated patients
 
Source: Reviewer 
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4.2 Other Special/Subgroup Population 

In Study 3081, randomization of patients was stratified by age and history of asthma 
exacerbation within the past 12 months (yes or no). The primary efficacy endpoint was further 
analyzed by asthma history subgroups and the estimated treatment difference (reslizumab 3.0 
mg/kg - placebo) in FEV1 change from baseline over 16 weeks results is graphically displayed in 
Figure 11. Asthma history did not appear to influence the treatment effect of reslizumab 3.0 
mg/kg on FEV1. Reslizumab increased the FEV1 change from baseline over 16 weeks regardless 
of the occurrence of exacerbations within the past 12 months. 

Figure 11 FEV1 Change from Baseline over 16 weeks by asthma history (Study 3081) 

Asthma (IRT): history of asthma exacerbation within the past 12 months according to the interactive voice
 
recognition system
 
Asthma (CRF): history of asthma exacerbation within the past 12 months according to the case report form.
 
Dif=Reslizumab – Placebo;
 
LCL: Lower bound of 95% confidence interval; UCL: Upper bound of 95% confidence interval;
 
Npbo: Number of placebo patients; Ntrt: Number of reslizumab-treated patients
 
Source: Reviewer 

In Studies 3082 and 3083, randomization of patients was stratified by geographic region and 
baseline OCS use (yes or no). The primary efficacy endpoint was further analyzed by OCS use 
subgroups and the estimated rate ratio (reslizumab versus placebo) during the 52-week treatment 
period is graphically displayed in Figures 12 and 13. Consistent with the results in overall 
population, the rate of exacerbations in reslizumab 3.0 mg/kg-treated patients was reduced 
compared with placebo-treated patients and the magnitude of reduction was more pronounced in 
those taking OCS at baseline. 
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Figure 12 Exacerbation rate ratios by baseline OCS use (Study 3082) 

OCS use (IRT): Use of oral corticosteroid at baseline according to the interactive voice recognition system
 
OCS use (CRF): Use of oral corticosteroid at baseline according to the case report form.
 
RR=Reslizumab versus Placebo;
 
LCL: Lower bound of 95% confidence interval; UCL: Upper bound of 95% confidence interval;
 
Npbo: Number of placebo patients; Ntrt: Number of reslizumab-treated patients
 
Source: Reviewer 

Figure 13 Exacerbation rate ratios by baseline OCS use (Study 3083) 

OCS use (IRT): Use of oral corticosteroid at baseline according to the interactive voice recognition system
 
OCS use (CRF): Use of oral corticosteroid at baseline according to the case report form.
 
RR=Reslizumab versus Placebo;
 
LCL: Lower bound of 95% confidence interval; UCL: Upper bound of 95% confidence interval;
 
Npbo: Number of placebo patients; Ntrt: Number of reslizumab-treated patients
 
Source: Reviewer 
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5 SUMMARY AND CONCLUSIONS 

5.1 STATISTICAL ISSUES AND COLLECTIVE EVIDENCE 

This submission contains four Phase 3 studies which evaluated the efficacy and safety of 
reslizumab 3.0 mg/kg in patients with moderate to severe asthma. Efficacy conclusions are 
derived from studies 3082 and 3083 with an asthma exacerbation primary endpoint and studies 
3081 and 3084 with an FEV1 primary endpoint. Because of two doses (study 3081) and multiple 
endpoints in each individual trial, a fixed sequence multiple testing procedure was applied to 
control the overall Type I error rate. 

Results from studies 3082 and 3083 were very similar; both demonstrated superiority of 
reslizumab relative to placebo in reduction of clinical exacerbation frequencies over 52 weeks of 
treatment period. In study 3082, treatment with reslizumab resulted in statistically significant 
reduction of 50% in all exacerbations and 55% to 56% in exacerbations requiring oral or 
systemic corticosteroid therapy. In study 3083, reslizumab therapy led to statistically significant 
reduction of 59% in all exacerbations and 60% to 61% in exacerbations requiring oral or 
systemic corticosteroid use. Reslizumab treatment decreased the frequency of events resulting in 
hospitalization or emergency room visits in both studies although the effect above placebo was 
not statistically significant. Evidence from other endpoints was generally supportive. Reslizumab 
consistently improved multiple measures of current asthma control, including lung function 
(FEV1), asthma symptoms (ACQ), and an asthma-related quality-of-life measure (AQLQ) 
compared with placebo. 

Study 3081 examined two doses of reslizumab (0.3 mg/kg and 3.0 mg/kg) although it did not 
serve the purpose of dose selection for studies 3082 and 3083. The FEV1 change from baseline 
over 16 weeks was statistically significantly improved as a result of reslizumab treatment, by 115 
mL with 3.0 mg/kg and 160 mL with 0.3 mg/kg, compared to placebo. Both doses demonstrated 
efficacy with respect to lung function as measured by FEV1. Additionally reslizumab treatment 
groups demonstrated improvements in both ACQ and AQLQ. 

Study 3084 evaluated the potential influence of blood eosinophil counts on FEV1 change in 
patients unselected for blood eosinophil counts at screening. The study found no statistical 
significant association between baseline blood eosinophil counts and treatment effect (p­
value>0.10 for the interaction term). Unlike the other 3 studies, only 66 mL mean improvement 
over placebo was observed in FEV1 change from baseline to Week 16. The clinical study report 
consistently referred to a threshold of 400 cells/µL, emphasizing that no meaningful benefit 
(mean increase of 31 mL) in subset of patients with blood eosinophil counts <400 cells/µL 
versus a large treatment effect (mean increase of 270 mL) in subset of patients with blood 
eosinophil counts ≥400 cells/µL. This could be misleading since the primary analysis of 
interaction test failed and there were only 96 (20%; 19 placebo and 77 reslizumab) patients with 
baseline blood eosinophil counts ≥400 cells/µL. In fact, the applicant used several eosinophil 
thresholds (100 cells/μL, 200 cells/μL, 300 cells/μL, or 400 cells/μL) and no multiplicity was 
controlled in these analyses. When the point estimates of FEV1 change from baseline to Week 16 
were plotted for baseline eosinophil subgroups either in 100 cells/μL increment or by quartiles, 
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