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1. EXECUTIVE SUMMARY 
Protein Sciences Corporation (PSC) submitted BLA supplement STN 125285/194 to seek 
licensure of a quadrivalent formulation of Flublok. Two observer-blinded, randomized, 
active-controlled clinical trials were submitted to support the application. Study PSC12 
was conducted primarily to establish non-inferiority of the vaccine efficacy of Flublok 
Quadrivalent relative to a licensed quadrivalent inactivated influenza vaccine (IIV4) in 
protecting against reverse transcription polymerase chain reaction (rtPCR) -confirmed 
protocol-defined influenza-like illness (ILI) in adults ≥50 years of age. Study PSC16 was 
conducted primarily to establish non-inferior immunogenicity of Flublok Quadrivalent to 
that of IIV4 in adults 18-49 years of age as measured by post-vaccination 
Hemagglutination Inhibition (HAI) antibody geometric mean titers (GMTs) and 
seroconversion rates (SCRs).  
 
Efficacy (PSC12, adults ≥50 years of age): 
Flublok Quadrivalent met the pre-specified relative vaccine efficacy (rVE) criterion for 
non-inferiority with respect to rtPCR-confirmed protocol-defined ILI: the rVE was 
estimated to be 30%, (95% confidence interval [CI]: 10%, 47%), with the lower 95% CI 
bound greater than the criterion of -20%. 
 
Immunogenicity (PSC16, adults 18-49 years of age): 
The primary objective of demonstrating non-inferior immunogenicity of Flublok 
Quadrivalent to IIV4 was met for three of the four antigens (A/H1N1/California, 
A/H3N2/Texas, and B/Massachusetts [Yamagata lineage]) by GMT ratios and SCR 
differences. The post-vaccination HAI titers for B/Brisbane [Victoria lineage] were 
notably lower in the Flublok Quadrivalent group compared to the IIV4 group. 
• The HAI GMT ratio (IIV4/Flublok Quadrivalent) and 95% CI for each of the four 

strains (A/H1N1/California, A/H3N2/Texas, B/Massachusetts, and B/Brisbane) were 
0.81 (0.71, 0.92), 0.50 (0.44, 0.57), 0.86 (0.74, 0.99), and 1.49 (1.29, 1.71), 
respectively (criterion: upper bound ≤1.5). 

• The HAI SCR difference (IIV4-Flublok Quadrivalent) and 95% CI for each of the 
four strains were -3.2 (-9.2, 2.8), -15.2 (-21.3, -9.1), 0.7 (-5.4, 6.9), and 17.6 (11.4, 
23.9), respectively (criterion: upper bound ≤10%). 

 
Overall, no notable safety concerns were identified comparing Flublok Quadrivalent to 
IIV4. In adults 18-49 years of age, the criteria for demonstrating non-inferiority of 
Flublok Quadrivalent compared to IIV4 were not met for all co-primary immunogenicity 
endpoints. I defer to the medical officer and other review committee members to 
determine whether the totality of the data support approval in adults 18-49 years of age.  

2. CLINICAL AND REGULATORY BACKGROUND 
Flublok, a trivalent recombinant hemagglutinin (rHA) influenza vaccine, was approved 
on January 16, 2013 for indication of active immunization against disease caused by 
influenza virus subtypes A and type B contained in the vaccine in adults 18-49 years of 
age; it was approved on October 29, 2014 for use in adults ≥50 years of age under the 
accelerated approval of biological products regulations. To be consistent with the 
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direction in which the field of seasonal influenza vaccines is moving, PSC submitted 
BLA supplement STN 125285/194 on December 8, 2015 to seek licensure of a 
quadrivalent formulation of Flublok. Two observer-blinded, randomized, active-
controlled phase 3 clinical trials were conducted to support the application.  
• Study PSC12 was conducted primarily to establish non-inferiority of vaccine efficacy 

of Flublok Quadrivalent relative to that of a licensed quadrivalent IIV4 in protecting 
against rtPCR-confirmed protocol-defined ILI in the ≥50 year age population. 

• Study PSC16 was conducted primarily to establish non-inferior immunogenicity of 
Flublok Quadrivalent relative to that of IIV4 as measured by post-vaccination HAI 
antibody titers among adults 18-49 years of age.  

3. SUBMISSION QUALITY AND GOOD CLINICAL PRACTICES 

3.1 Submission Quality and Completeness 
The submission quality and completeness was adequate for conducting a statistical 
review. 

3.2 Compliance With Good Clinical Practices And Data Integrity 
NA 

4. SIGNIFICANT EFFICACY/SAFETY ISSUES RELATED TO OTHER REVIEW 
DISCIPLINES  
NA 

5. SOURCES OF CLINICAL DATA AND OTHER INFORMATION CONSIDERED IN THE 
REVIEW  

5.1 Review Strategy 
This review focuses on two clinical studies: PSC12 and PSC16. The submitted data, 
Clinical Study Reports (CSRs), and subsequent amendments of the applicant’s response 
to CBER's information requests (IRs) were reviewed.  

5.2 BLA/IND Documents That Serve as the Basis for the Statistical Review 
This review is primarily based on Module 5 of STN 125285/194/0 (received on 
December 8, 2015), as well as several subsequent amendments 2, 3, 9, and 19. 

5.3 Table of Studies/Clinical Trials 
Two clinical trials were submitted to support the application (Table 1).  
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Table 1: Overview of clinical trials  
Study Number 
Number of Centers 
Location(s) 
Season 

Study Objective(s) Design and 
Type of 
Control 

Test Product(s) 
Dosage Regimen  

Subjects Population 

PSC12  
40 Centers, US only 
2014-2015 

Relative efficacy, 
immunogenicity, and 
safety/reactogenicity  

Randomized, 
observer-
blinded, active 
controlled 

Flublok Quadrivalent 
seasonal vaccine ×1; 
Fluarix Quadrivalent 
seasonal vaccine ×1 

Healthy, medically stable adults 
≥50 years of age with no 
contraindication to either study 
vaccine; immunogenicity subset 
included all subjects enrolled at 5 
sites. 

PSC16 
10 Centers, US only  
2014-2015 

Immunogenicity, and 
safety/reactogenicity 

Randomized,  
observer-
blinded, active 
controlled 

Flublok Quadrivalent 
seasonal vaccine ×1; 
Fluarix Quadrivalent 
seasonal vaccine ×1 

Healthy, medically stable adults 
18-49 years of age with no 
contraindication to either study 
vaccine. 

Source: adapted from Module 5.3.5.3 Integrated Summary of Efficacy 

6. DISCUSSION OF INDIVIDUAL STUDIES/CLINICAL TRIALS 

6.1 PSC12  
Title: Comparison of the Protective Efficacy of Flublok® Quadrivalent versus Licensed 
Inactivated Influenza Vaccine in Healthy, Medically Stable Adults ≥50 Years of Age 

6.1.1 Objectives 
Primary Objectives: 
• To compare the clinical efficacy of Flublok Quadrivalent to that of IIV4, with respect 

to the ratio of attack rates of rtPCR-confirmed protocol-defined ILIs that begin at 
least 14 days after vaccination caused by any influenza viral types/subtypes.  

 
Secondary Objectives: 
• To compare the relative protective efficacy in prevention of respiratory illness and 

influenza infection beginning at least 14 days after vaccination among Flublok 
Quadrivalent recipients versus IIV4 recipients using several alternative case 
definitions; 

• To compare immunogenicity of Flublok Quadrivalent versus IIV4 in a preselected 
subset of subjects adequate to compare post-vaccination HAI GMTs and SCRs for all 
four antigens in each study vaccine; 

• To compare the safety and reactogenicity of Flublok Quadrivalent versus IIV4. 

6.1.2 Design Overview  
This study was an observer-blinded, randomized, active controlled, multi-center trial. 
Subjects were randomized (without stratification) in a ratio of 1:1 to receive a single dose 
of Flublok Quadrivalent or US-licensed IIV4 (Fluarix Quadrivalent). The randomization 
was conducted to ensure reasonable balance across three age categories (50-64, 65-74, 
and ≥75 years) and to ensure balanced enrollment to two treatment groups across study 
sites.   
• Surveillance of ILIs was both passive and active. These procedures included twice-

weekly calls by subjects to a central interactive voice response system to report 
whether they had or were experiencing influenza-like symptoms. In addition, sites 
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contacted each subject every two weeks to inquire as to ILI symptoms, to maintain 
subjects’ engagement in the study, and to remind subjects to return for testing in the 
event of influenza-like symptoms.  

• Serum samples for HAI serology were obtained on Days 0 and 28 from all subjects 
who enrolled at pre-selected sites without further selection of subjects to participate in 
the serology subset. 

• For safety data collection, solicited events of reactogenicity were recorded on 
Memory Aid A during the 7 days following vaccine administration and reported to 
the site by phone at 7-9 days after the vaccine administration. Unsolicited AEs 
occurring during 28 days following vaccine administration were recorded on a 
separate Memory Aid B and reviewed at the Day 28 contact. SAEs and MAEs 
continued to be captured on Memory Aid B through the period of follow-up to the 
end of the influenza season (at least 6 months post-vaccination). 

 
Reviewer’s comments: 
Discrepancies were observed among the protocol, the CSR, and the data set, regarding 
the subpopulation from whom the serum samples were collected. The protocol stated that 
subjects at two to three pre-selected study sites were to have serum samples drawn for 
HAI serology. The CSR stated that serum samples for HAI serology were obtained from 
all subjects at five sites which were identified at the initiation of the study as having the 
capabilities for managing serologic sample collection and handling, and no further 
selection of subjects to participate in the serology subset was performed. However, the 
data showed that, for two of the five study sites, fewer than 30% of the subjects were 
included in the serology subset.  
 
An IR was therefore sent to the applicant requesting clarification. The response (STN 
125285/194/19) explained that by early November 2014, the pace of enrollment 
suggested that the three pre-selected sites might not fully enroll the serology subset by the 
time the overall enrollment was complete. Thus, two additional sites were asked to 
participate since then, and all subsequently randomized subjects at those two sites were 
included in the serology subset, with no further selection. This procedure appears to be 
supported by the enrollment information provided in the data.  

6.1.3 Population  
The study population included ambulatory and medically stable adults ≥50 years of age 
for whom the study vaccines were not contraindicated, and who did not have underlying 
conditions that might complicate the evaluation of the primary efficacy endpoint.   

6.1.4 Study Treatments or Agents Mandated by the Protocol 
Subjects were randomized to receive one of the two vaccines by intramuscular injection:  
• Flublok Quadrivalent (0.5 mL volume): 45μg (180μg total) of rHA derived from each 

of four influenza antigen strains: A/California/07/2009 (H1N1), A/Texas/50/2012 
(H3N2), B/Massachusetts/2/2012 (B/Yamagata-lineage), and B/Brisbane/60/2008 
(B/Victoria-lineage); 

• IIV4 (Fluarix Quadrivalent) (0.5 mL volume): 15μg (60μg total) of HA from each of 
the four influenza antigen strains: A/Christchurch/16/2010 (an A/California/7/2009-
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like virus) (H1N1), A/Texas/50/2012 (H3N2), B/Massachusetts/2/2012, and 
B/Brisbane/60/2008. 

6.1.6 Sites and Centers 
The study was conducted in 40 sites in the US. 

6.1.7 Surveillance/Monitoring 
NA 

6.1.8 Endpoints and Criteria for Study Success  
Primary endpoint: 
• rtPCR-confirmed, protocol-defined ILI caused by any influenza strain that begins at 

least 14 days post-vaccination. 
 The primary objective was evaluated by assessing non-inferiority of the relative 

efficacy of Flublok Quadrivalent as compared to that of IIV4. The non-inferiority 
criterion was that the lower bound of the two-sided 95% CI of the rVE > -20%.  

 
Secondary efficacy and immunogenicity endpoints: 
• Culture-confirmed protocol-defined ILI that begins at least 14 days post-vaccination 

caused by an influenza strain (identified from the same clinical sample) antigenically 
matched to those strains represented in the study vaccines; 

• rtPCR-confirmed CDC-defined ILI that begins at least 14 days post-vaccination 
caused by any influenza strain; 

• Culture-confirmed CDC-defined ILI that begins at least 14 days post-vaccination 
caused by an influenza strain (identified from the same clinical sample) antigenically 
matched to those in the study vaccines; 

• Post-vaccination HAI GMTs and SCRs for all four antigens in a preselected subset of 
subjects. 

 
Secondary safety endpoints: 
• Solicited events of systemic and injection site reactogenicity during Days 0-7; 
• Unsolicited AEs reported within 28 days following vaccine administration; 
• SAEs and MAEs occurring during the period of follow-up through the influenza 

season (at least 6 months post-vaccination). 

6.1.9 Statistical Considerations & Statistical Analysis Plan 
Efficacy analyses 
The rVE was calculated as 100×(1-Attack rate [Flublok Quadrivalent]/Attack Rate 
[IIV4]). Farrington and Manning’s score method was used to compute the two-sided 95% 
CI.  
 
Immunogenicity analyses 
The post-vaccination HAI titers were compared between Flublok Quadrivalent recipients 
and IIV4 recipients using CBER’s criteria for non-inferiority: the upper bound of the 
two-sided 95% CI on SCR difference (IIV4-Flublok Quadrivalent) ≤10%; the upper 
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bound of the 95% CI on the GMT ratio (IIV4/Flublok Quadrivalent) ≤1.5. The GMT 
ratios were to be calculated as the antilog of the difference between two mean log-
transformed titers. The CI for the SCR difference was based on Farrington and 
Manning’s score method.  
 
Reviewer’s comments: 
The Statistical Analysis Plan (SAP) stated that “Non-inferiority of immune responses 
across the entire age spectrum will be concluded if the criteria specified above are met 
using the Bonferroni adjustment for multiple comparisons. The Bonferroni adjusted 
significance level (two sided) is 0.00625 for the eight co-primary immunogenicity 
endpoint HAI comparisons.” Since the immunogenicity endpoints were to be evaluated as 
“co-primary,” all endpoints must meet the criterion to conclude non-inferiority and thus 
the Bonferroni adjustment is unnecessary.  
 
Major changes in study conduct or planned analyses 
Cultures of influenza viruses from rtPCR positive nasopharyngeal swabs could not be 
processed to generate adequate titers of virus to be tested against ferret antiserum for 
antigenic identification. Thus, the analyses of rVE for ILI due to strains that matched the 
HAs in the study vaccines were not available. 
 
Reviewer’s comments: 
During the review of both study PSC12 and study PSC16, the reviewer found that the 
applicant calculated the rVEs, GMT ratios, and SCR differences based on rounded attack 
rates, GMTs, and SCRs, respectively. In addition, the log-transformed HAI titers used for 
GMT analyses were also rounded values. All of these intermediate roundings could lead 
to inaccurate analysis results; thus, an IR was sent to the applicant requesting 
recalculations. This review presents the applicant’s results from recalculations for both 
studies, which were submitted to STN 125285/194/9.  

6.1.10 Study Population and Disposition 

6.1.10.1 Populations Enrolled/Analyzed 
The efficacy population included all randomized subjects who received study vaccine and 
provided follow-up for ILI beginning at least 14 days following vaccine administration. 
The efficacy population excluded subjects with significant protocol deviations that could 
adversely impact efficacy, e.g., disease or therapeutic intervention that might cause 
suboptimal response to study vaccine. The efficacy population was used for all efficacy 
analyses. 
 
The immunogenicity population included all randomized subjects at the specific sites pre-
selected for serology who received study vaccine and provided serum samples on Days 0 
and 28 for serologic testing. The immunogenicity population did not include subjects 
with significant protocol deviations that could adversely impact the immune response, 
e.g., disease or therapeutic intervention that might cause immunocompromise.  
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The safety population included all randomized and vaccinated subjects that provided any 
safety data following administration of study vaccine. The reactogenicity population 
included all randomized subjects who received study vaccine and provided data on at 
least one day of the 7-day Memory Aid A for reactogenicity. There were three 
reactogenicity subpopulations: (1) subjects with at least 1 injection site reaction recorded 
in Memory Aid A; (2) subjects with at least 1 systemic reaction recorded in Memory Aid 
A; and (3) subjects with at least one body temperature measurement recorded in Memory 
Aid A.   
 
For all the study populations, subjects were analyzed according to the vaccine received, 
regardless of the vaccine group to which they were randomized. 
 
6.1.10.1.1 Demographics 
 
Table 2 shows the demographics by treatment group for the safety population. The 
demographical characteristics were comparable between treatment groups. The 
demographic profile for the efficacy population was similar.   
 
Table 2: PSC12 – Demographics (Safety Population) 
 Flublok Quadrivalent 

N=4328 
IIV4 
N=4344 

Age (years) mean (range) 62.7 (50 – 96) 62.6 (50 - 94) 
Age Group n (%)   
    50-64 years 2569 (59.4) 2617 (60.2) 
    ≥65 years 1759 (40.6) 1727 (39.8) 
    65-74 years 1234 (28.5)             1254 (28.9) 
    ≥75 years                            525 (12.1) 473 (10.9) 
Sex, n (%)   
    Male                                               1796 (41.5)                1807 (41.6) 
    Female             2532 (58.5)      2537 (58.4) 
Race, n (%)   
    Black or African American                  773 (17.9)                              753 (17.3) 
    White or Caucasian                                                     3467 (80.1)    3493 (80.4) 
    Other a                             88 (2.0)  98 (2.3) 
Ethnicity, n (%)   
    Hispanic                                       206 (4.8)                               219 (5.0) 
    Non-Hispanic                          4122 (95.2)                            4123 (94.9) 
    Other                                      0 2  (0.0) 
a Other = American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, Asian or other 
Source: Table 19 of PSC12 CSR 
 
6.1.10.1.2 Medical/Behavioral Characterization of the Enrolled Population 
NA 
 
6.1.10.1.3 Subject Disposition 
 
A total of 9003 subjects were enrolled and randomized. Among them 15 subjects 
withdrew consent prior to receiving study vaccine, and 25 subjects received a dose of 
study vaccine for which the identity could not be verified. Table 3 summarizes the study 
subject disposition excluding these 40 subjects based on the actual treatment received per 
subject.   
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Table 3: PSC12 – Subject disposition 
 Flublok Quadrivalent 

N = 4474 
IIV4 
N = 4489 

n (%) n (%) 
Efficacy Population 4303 (96.2) 4301 (95.8) 
Immunogenicity Population 314  (7.0) 300  (6.7) 
Safety Population 4328 (96.7)                       4344 (96.8) 
Reactogenicity Population 4312 (96.4)                       4327 (96.4) 

Reactogenicity Population 1a 4307 (96.3)                       4319 (96.2)  
Reactogenicity Population 2b 4306 (96.2)                       4318 (96.2)  
Reactogenicity Population 3c 4262 (95.3)                       4282 (95.4) 

Subjects with any Major Protocol Deviation 124 (2.8) 127 (2.8) 
Subjects with any Major Protocol Deviation For Immunogenicity 24 (0.5) 25 (0.6) 
Completed study 4228 (94.5)                       4236 (94.4) 
Primary Reason for Early Withdrawal   

Adverse Event 9  (0.2)                              8  (0.2) 
Investigator Decision 1  (0.0)                              2  (0.0) 
Lost to Follow-up 176  (3.9)                          172  (3.8) 
Sponsor Request 0 0 
Voluntary withdrawal unrelated to AE 53 (1.2)                            61 (1.4) 
Other 7  (0.2)                             10 (0.2) 

a Subjects with any injection site reactogenicity data, Days 0-7 
b Subjects with any systemic reactogenicity data, Days 0-7 
c Subjects with any body temperature data, Days 0-7 
Source: Tables 16 and 17 of PSC12 CSR 
 
Reviewer’s comments: 
The medical officer issued an IR to the applicant because inconsistencies were observed 
between the study disposition table and the AE/death data, regarding the distribution of 
subjects who discontinued the study due to AEs and/or deaths. In the response (submitted 
to STN 125285/194/3), the applicant listed 10 (0.2%) and 11 (0.2%) subjects in the 
Flublok Quadrivalent group and IIV4 group, respectively, who discontinued the study 
due to AEs, including deaths. In addition, one IIV4 recipient completed the study but died 
in a motor vehicle accident beyond the 6 months follow-up period.   

6.1.11 Efficacy Analyses 

6.1.11.1 Analyses of Primary Endpoint(s) 
Table 4 summarizes the results for the primary objective on the rVE regarding the rtPCR-
confirmed protocol-defined ILI with onset ≥14 days after vaccination due to any strain of 
influenza. The lower bound of the two-sided 95% confidence interval met the pre-
specified non-inferiority criterion of > -20%. 
 
Table 4: PSC12 – Relative vaccine efficacy for rtPCR-confirmed protocol-defined ILI (Efficacy 
Population) 

Flublok Quadrivalent (N=4303) IIV4 (N=4301)  
n Attack Rate (%) n Attack Rate (%) rVE (95% CI) 
96 2.2 138 3.2 30% (10%, 47%) 

Source: Table 1R of IR response STN 125285/194/9  

6.1.11.2 Analyses of Secondary Endpoints  
Secondary efficacy endpoints 
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Table 5 shows the analysis results on one of the secondary endpoints, rtPCR-confirmed 
CDC-defined ILI that begins at least 14 days post-vaccination caused by any influenza 
strain. Analyses on the other two secondary efficacy endpoints of culture-confirmed ILIs 
could not be performed because the antigenic similarity of cultured viruses to the vaccine 
strains could not be assessed in this trial, as noted in Section 6.1.9. 
 
Table 5: PSC12 – Relative vaccine efficacy against rtPCR-confirmed CDC-defined ILI (Efficacy 
Population) 

Flublok Quadrivalent (N=4303) IIV4 (N=4301)  
n Attack Rate (%) n Attack Rate (%) rVE (95% CI) 

54 1.3 83 1.9 35% (8%, 54%) 
Source: Table 3R of IR response STN 125285/194/9  
 
Secondary immunogenicity endpoints 
The HAI titers were compared between the two treatment groups according to the non-
inferiority criteria described in Section 6.1.9. As shown in Table 6, the HAI titer against 
A/H1N1/California did not meet the criterion for SCR difference, and the titer against 
B/Brisbane did not meet the criteria for either GMT ratio or SCR difference. The post-
vaccination HAI GMTs for the influenza B strains were notably lower than those for the 
A strains.  
 
Table 6: PSC12 – Comparison of HAI GMT responses and seroconversion rates (Immunogenicity 
Population) 
 Post-vaccination GMT Seroconversion rate 
 
Antigen 

Flublok Quadrivalent 
N=314 

IIV4 
N=300 

GMT ratio   
(95% CI) 

Flublok Quadrivalent 
N=314 

IIV4 
 N=300 

SCR Difference   
(95% CI) 

A/H1N1/California 190 220 1.15 (0.95, 1.41) 44.9 49.0 4.1 (-3.8, 12.0) 
A/H3N2/Texas 522 358 0.69 (0.58, 0.81) 54.5 43.3 -11.1 (-19.0, -3.3) 
B/Massachusetts 55 57 1.03 (0.86, 1.24) 38.9 38.3 -0.5 (-8.2, 7.2) 
B/Brisbane                         29 43 1.47 (1.23, 1.76) 21.0 34.3 13.3 (6.3, 20.3) 
Figures in bold met the non-inferiority criteria. 
Source: Table 7R and Table 8R of IR response STN 125285/194/9 
 
Reviewer’s comments: 
For the design of this study with regard to the HAI serology subset, it appears that the 
study sites were not randomly selected to participate in the subset. In addition, the 
randomization was not stratified by site. Therefore, the immunogenicity results need to be 
interpreted with caution when attempting to draw firm conclusions regarding the entire 
study population.  

6.1.11.3 Subpopulation Analyses 
The rtPCR-confirmed protocol-defined ILIs beginning at least 14 days post-vaccination 
were predominately reported among non-Hispanic subjects with respect to the ethnic 
subgroups, and among white or Caucasian subjects with respect to the race subgroups; 
therefore, those subpopulations showed similar rVE results as in the overall population. 
Female and male subjects had similar rVE estimates. The rVE among adults 50-64 years 
of age was estimated as 42% (95% CI: 15%, 61%), as compared to 17% (95% CI: -20%, 
43%) among adults ≥65 years of age. The number of cases was too small to support 
meaningful comparisons of rVE between subgroups. 
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6.1.11.4 Dropouts and/or Discontinuations 
The proportions of subjects who withdrew from the study were small and similar between 
treatment groups; therefore, missing data were not expected to have significant impact on 
the comparison of efficacy endpoints between treatment groups.    

6.1.11.5 Exploratory and Post Hoc Analyses 
Table 7 shows the results from post-hoc analyses assessing the rVE of Flublok 
Quadrivalent to IIV4 based on rtPCR-confirmed protocol-defined ILI caused by influenza 
A and B strains separately, as well as based on culture-confirmed protocol-defined ILI 
caused by any strain. The number of cases caused by influenza B was too small to 
provide meaningful information regarding the relative efficacy of Flublok Quadrivalent 
against IIV4. 
 
Table 7: PSC12 – Post-hoc analyses on relative vaccine efficacy 
 Flublok Quadrivalent (N=4303) IIV4 (N=4301)  
 n Attack Rate (%) n Attack Rate (%) rVE (95% CI) 
rtPCR-confirmed protocol-defined ILI 
caused by Influenza A 

73 1.7 114 2.7 36% (14%, 53%) 

rtPCR-confirmed protocol-defined ILI 
caused by Influenza B 

23 0.5 24 0.6 4% (-72%, 46%) 

All culture-confirmed Protocol-defined ILI 58 1.3 101 2.3 43% (21%, 59%) 
Source: Tables 2R and 5R of IR response STN 125285/194/9  

6.1.12 Safety Analyses 

6.1.12.1 Methods 
Safety endpoints were primarily summarized by frequency counts and percentages for 
each treatment group. Overall, no notable difference was observed regarding the 
proportions of subjects reporting solicited adverse reactions, unsolicited AEs, or MAEs 
between treatment groups.  
• The proportions of subjects reporting solicited local injection site reactions or 

systemic adverse reactions in the Flublok Quadrivalent group were generally 
comparable to those in the IIV4 group (Table 8). The proportions of subjects 
reporting Grade 3 or Grade 4 solicited adverse reactions were small in both treatment 
groups (≤1%).  

• The proportion of Flublok Quadrivalent recipients reporting any unsolicited AEs 
within 28 days following vaccination was similar to that of IIV4 recipients (13.9% 
versus 14.1%). Severe unsolicited AEs were reported in 1.0% of subjects in each 
treatment group. 

• MAEs were reported in 17.9% and 18.1% of subjects in Flublok Quadrivalent and 
IIV4 groups during the six months of follow-up after vaccination, respectively.   
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Table 8: PSC12 – Solicited events of local injection site reactions and systemic adverse reactions 
 Flublok Quadrivalent 

n (%) 
IIV4 
n (%) 

Local Reactogenicity Eventa Any Grade 3 Grade 4 Any Grade 3 Grade 4 
   Local Pain 813 (18.9) 5 (0.1) 0 950 (22.0) 8 (0.2) 1 (0.0) 
   Local Tenderness 1479 (34.3) 6 (0.1) 1 (0.0) 1604 (37.1) 10 (0.2) 2 (0.0) 
   Redness 122 (2.8) 2 (0.0) 0  87 (2.0) 1 (0.0) 0  
   Firmness / Swelling 142 (3.3) 1 (0.0) 0  115 (2.7) 2 (0.0) 0 
Systemic Reactogenicity Eventb Any Grade 3 Grade 4 Any Grade 3 Grade 4 
   Fatigue 526 (12.2) 19 (0.4) 0  521 (12.1) 15 (0.3) 6 (0.1) 
   Shivering / Chills 204 (4.7) 10 (0.2) 0  187 (4.3) 15 (0.3) 2 (0.0) 
   Joint Pain 324 (7.5) 9 (0.2) 0 346 (8.0) 18 (0.4) 2 (0.0) 
   Muscle Pain 366 (8.5) 12 (0.3) 2 (0.0) 378 (8.8) 13 (0.3) 1 (0.0) 
   Headache 549 (12.7) 11 (0.3) 1 (0.0) 582 (13.5) 21 (0.5) 2 (0.0) 
   Nausea 212 (4.9) 7 (0.2) 0 213 (4.9) 9 (0.2) 1 (0.0) 
   Feverc 19 (0.4) 7 (0.2) 0 21 (0.5) 6 (0.1) 0 
a Denominators for local injection reactions were Reactogenicity Population 1: Flublok Quadrivalent N=4307, IIV4 N=4319. 
b Denominators for systemic reactions were Reactogenicity Population 2: Flublok Quadrivalent N=4306, IIV4 N=4318. 
c Denominators for fever were Reactogenicity Population 3: Flublok Quadrivalent N=4262, IIV4 N=4282. 
Source: Tables 30-32 of PSC12 CSR 
 
Reviewer’s comments: 
The medical officer determined that the analyses on unsolicited AEs presented in CSRs 
for PSC12 and PSC16 included events occurring up to Day 180. An IR was sent to the 
applicant requesting reanalyses focusing on events occurring up to Day 28. This review 
presents the results from the applicant’s reanalyses for both studies, which were 
submitted to STN 125285/194/2.  

6.1.12.3 Deaths  
There were 20 deaths throughout the duration of the study: 8 (0.2%) among Flublok 
Quadrivalent recipients and 12 (0.3%) among IIV4 recipients. The investigators did not 
think any of the deaths were related to study vaccines. 

6.1.12.4 Nonfatal Serious Adverse Events  
No notable difference was observed between the Flublok Quadrivalent group and IIV4 
group with respect to the proportion of subjects reporting any SAE during the six months 
of follow-up after vaccination (3.4% versus 3.0%). 

6.1.12.5 Adverse Events of Special Interest (AESI)  
NA 

6.1.12.6 Clinical Test Results  
NA 

6.1.12.7 Dropouts and/or Discontinuations 
Please refer to Section 6.1.10.1.3. 
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6.2 PSC16  
Title: Double-Blind, Randomized, Active-Controlled Comparison of the Immunogenicity 
and Safety of Flublok® Quadrivalent versus IIV4 in Healthy, Medically Stable Adults 
18-49 Years of Age 

6.2.1 Objectives 
Primary Objectives: 
• To demonstrate non-inferior immunogenicity of the four antigens in the Flublok 

Quadrivalent formulation to the corresponding antigens in the licensed IIV4.  
 

Secondary Objectives: 
• To evaluate the HAI SCRs and seroprotection rates (SPR; the proportion of subjects 

with post-vaccination HAI titers ≥1:40) against the four rHA antigens contained in 
the quadrivalent formulation, with respect to CBER criteria for licensure under 
accelerated approval regulations; 

• To evaluate the safety and reactogenicity of Flublok Quadrivalent in adults 18-49 
years of age. 

6.2.2 Design Overview  
The study was an observer-blind, randomized, active-controlled phase 3 trial in adults 18-
49 years of age. Subjects were randomized approximately in a ratio of 3:1 to receive a 
single dose of Flublok Quadrivalent or US-licensed IIV4 (Fluarix Quadrivalent). All 
subjects who received the study vaccine had blood draws obtained for serum HAI titer at 
Day 0 and Day 28. For safety data collection, subjects were given Memory Aid A to 
record reactogenicity events during the 7 days following vaccination and Memory Aid B 
to record any unsolicited AEs. SAEs and MAEs were collected by remote follow-up for 6 
months following vaccination. 

6.2.3 Population  
The study enrolled ambulatory, medically stable, non-pregnant adults 18-49 years of age. 

6.2.4 Study Treatments or Agents Mandated by the Protocol 
Please refer to Section 6.1.4.  

6.2.6 Sites and Centers 
The study was conducted at 10 sites in the US. 

6.2.7 Surveillance/Monitoring 
NA 

6.2.8 Endpoints and Criteria for Study Success  
Primary endpoints: 
• The co-primary endpoints included HAI GMT and SCR at Day 28 to each of the four 

antigens contained in the study vaccine, which were compared between the two 
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vaccine groups according to CBER criteria for non-inferiority described in Section 
6.1.9. 
  

Secondary endpoints: 
• SCRs and the SPRs to each of the four antigens in Flublok Quadrivalent, assessed 

according to CBER criteria for adults <65 years of age: 
 The lower bound of the two-sided 95% CI for the percent of subjects 

achieving seroconversion for HAI antibody should meet or exceed 40%; 
 The lower bound of the two-sided 95% CI for the percent of subjects 

achieving an HAI antibody titer ≥1:40 should meet or exceed 70%. 
• Incidence and severity of solicited local and solicited systemic events of 

reactogenicity and body temperature reported via Memory Aid A during Days 0-7 
following vaccine administration. 

• SAEs and other unsolicited AEs and MAEs occurring during the 28 days following 
vaccine administration. 

• SAEs and MAEs occurring up to 6 months post-vaccination. 

6.2.9 Statistical Considerations & Statistical Analysis Plan 
Immunogenicity analyses 
Non-inferior immunogenicity of Flublok Quadrivalent compared to IIV4 was to be 
concluded if all eight comparisons met the criteria; no adjustment for multiple 
comparisons was implemented. The GMT ratios were calculated as the antilog of the 
difference between two mean log-transformed titers. The CI for the SCR difference was 
based on Farrington and Manning’s score method. The 95% CI for SCRs and SPRs in 
each treatment group were computed using the Clopper-Pearson exact method. 

6.2.10 Study Population and Disposition 

6.2.10.1 Populations Enrolled/Analyzed 
The immunogenicity population included all randomized subjects who received a dose of 
study vaccine, provided serum samples for HAI titers on Days 0 and 28 (within the 
specified windows), and had no major protocol deviations that might be expected to 
adversely impact the immune response.  
 
Please refer to Section 6.1.10.1 for definitions of safety population, reactogenicity 
population, and reactogenicity subpopulations. For all the study populations defined, 
subjects were analyzed according to the vaccine received regardless of the vaccine group 
to which they were randomized.  
 
6.2.10.1.1 Demographics 
Table 9 summarizes the demographic characteristics by treatment group for the safety 
population. No notable difference between treatment groups was observed. The 
immunogenicity population had a similar demographic profile.  
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Table 9: PSC16 – Demographics (Safety Population) 
Characteristic Flublok Quadrivalent 

N=998 
IIV4  
N=332 

Age (years) 
    Mean 33.3                 34.0 
    Range 18, 50                           18, 49 
Sex, n (%)   
    Female                                                          639 (64.0)                     222 (66.9) 
    Male 359 (36.0)                     110 (33.1) 
Race, n (%) 
    White or Caucasian                                      589 (59.0)    202 (60.8) 
    Black or African American                          376 (37.7)                     114 (34.3) 
    Native Hawaiian/Pacific Islander                  11 (1.1)               2 (0.6) 
    American Indian or Alaska Native 7 (0.7)                          3 (0.9) 
    Asian 3 (0.3) 4 (1.2) 
    Other  12 (1.2)        7 (2.1) 
Ethnicity, n (%) 
    Non-Hispanic                                                836 (83.8)                     275 (82.8)   
    Hispanic 162 (16.2)                      57 (17.2) 
 Source: Table 14 of PSC16 CSR 
 
6.2.10.1.2 Medical/Behavioral Characterization of the Enrolled Population 
NA 
 
6.2.10.1.3 Subject Disposition 
Of the 1350 subjects who were enrolled and randomized, all received a dose of study 
vaccine. Table 10 summarizes the study subject disposition based on the actual treatment 
received per subject. Similar withdrawal rates were observed between the two treatment 
groups. The most common reason for major protocol deviation that excluded a subject 
from the immunogenicity population was missing study visit.   
 
Table 10: PSC16 - Subjects disposition 

 Flublok Qudrivalent 
N=1011 

IIV4 
N=339 

n (%) n (%) 
Immunogenicity Population 969 (95.8) 323 (95.3) 
Safety Population 998 (98.7) 332 (97.9) 
Reactogenicity Population 996 (98.5) 332 (97.9) 

Reactogenicity Population 1a 996 (98.5) 332 (97.9) 
Reactogenicity Population 2b 994 (98.3) 332 (97.9) 
Reactogenicity Population 3c 990 (97.9) 327 (96.5) 

Completed study 962 (95.2) 325 (95.9) 
Primary Reason for Early Withdrawal   

Adverse Event 0 0 
Investigator Decision 0 0 
Lost to Follow-up 38 (3.8) 11 (3.2) 
Sponsor Request 0 0 
Voluntary withdrawal unrelated to AE 9  (0.9) 2  (0.6) 
Other 2  (0.2) 1  (0.3) 

a Reactogenicity Population 1 included subjects who recorded any injection site reaction data in Memory Aid A. 
b Reactogenicity Population 2 included subjects who recorded any systemic reaction data in Memory Aid A. 
c Reactogenicity Population 3 included subjects who recorded any body temperature measurement in Memory Aid A. 
Source: Table 12 of PSC16 CSR 



STN: 125285/194 
 

 
  Page 19 

6.2.11 Efficacy Analyses 

6.2.11.1 Analyses of Primary Endpoint(s) 
The evaluation of the primary objective of non-inferior immunogenicity is summarized in 
Table 11. Among the eight co-primary endpoints, HAI titer against the B/Brisbane strain 
did not meet the criteria for either GMT ratio or SCR difference. The post-vaccination 
HAI GMT and SCR for B/Brisbane were notably lower in the Flublok Quadrivalent 
group compared to the IIV4 group.  
 
Table 11: PSC16 – Comparison of HAI GMT responses and seroconversion rates (Immunogenicity 
Population) 
 Post-vaccination GMT Seroconversion rate 
 
 
Antigen 

Flublok 
Quadrivalent 
N=969 

IIV4 
N=323 

GMT ratio   
(95% CI) 

Flublok 
Quadrivalent 
N=969 

IIV4 
N=323 

SCR Difference   
(95% CI) 

A/H1N1/California 493 397 0.81 (0.71, 0.92) 66.7 63.5 -3.2 (-9.2, 2.8) 
A/H3N2/Texas 748 377 0.50 (0.44, 0.57) 72.1 57.0 -15.2 (-21.3, -9.1) 
B/Massachusetts 156 134 0.86 (0.74, 0.99) 59.6 60.4 0.7 (-5.4, 6.9) 
B/Brisbane                         43 64 1.49 (1.29, 1.71) 40.6 58.2 17.6 (11.4, 23.9) 
Figures in bold met the non-inferiority criteria. 
Source: Tables 9R and 10R of IR response STN 125285/194/9 
 
Reviewer’s comments: 
The 95% CIs of SCR difference reported by the applicant appear to be computed by using 
the Wald method. The SAP-specified Farrington-Manning method would give very 
similar results with lower or equal upper limits. Results in Table 11 are thus considered 
acceptable considering their conservativeness. 

6.2.11.2 Analyses of Secondary Endpoints  
As shown in Table 12, the lower 95% CI limit of the SPR and SCR against B/Brisbane 
for the Flublok Quadrivalent group did not exceed the CBER criteria (70% for SPR and 
40% for SCR).  
 
Table 12: PSC16 – Day 28 HAI seroprotection rates and seroconversion rates (Immunogenicity 
population) 
 
 
 
Antigen 

Seroprotection rate (95% CI) Seroconversion rate (95% CI) 
Flublok 
Quadrivalent 
N=969 

IIV4 
N=323 

Flublok 
Quadrivalent 
N=969 

IIV4 
N=323 

A/H1N1/California 98.2 (97.2, 99.0) 99.1 (97.3, 99.8) 66.7 (63.6, 69.6) 63.5 (58.0, 68.7) 
A/H3N2/Texas 99.7 (99.1, 99.9) 99.1 (97.3, 99.8) 72.1 (69.2, 74.9) 57.0 (51.4, 62.4) 
B/Massachusetts 91.0 (89.0, 92.7) 92.0 (88.4, 94.7) 59.6 (56.5, 62.8) 60.4 (54.8, 65.7) 
B/Brisbane                         64.3 (61.2, 67.3) 79.6 (74.8, 83.8) 40.6 (37.4, 43.7) 58.2 (52.6, 63.6) 
Figures in bold met CBER criteria for SPR and SCR in adults <65 years old. 
Source: Table 18 of PSC16 CSR and Table 14.2.1.2 of IR response STN 125285/194/9 

6.2.11.3 Subpopulation Analyses 
Table 13 summarizes the post-vaccination HAI GMTs and SCRs among Flublok 
Quadrivalent recipients for subpopulations with at least moderate numbers of subjects. 
Black or African American subjects tended to show higher post-vaccination HAI titers 
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against A strains than white or Caucasian subjects; otherwise, no apparent differences 
were observed between subpopulations defined by sex, race, or ethnicity.  
  
Table 13: PSC16 – Post-vaccination HAI GMTs and SCRs for Flublok Quadrivalent recipients by 
sex, race, and ethnicity (Immunogenicity Population) 
Strain Female 

N=623 
Male 

N=346 
Black or African 

American  
N=362 

White or 
Caucasian 

N=575 

Hispanic 
N=160 

Not Hispanic 
N=809 

Post-vaccination GMT (95% CI) 
A/H1N1/California 494 (453, 537) 491 (438, 549) 513 (456, 577) 477 (438, 519) 541 (454, 645) 483 (449, 520) 
A/H3N2/Texas 738 (679, 803) 767 (688, 855) 790 (714, 875) 721 (660, 789) 725 (603, 871) 753 (702, 809) 
B/Massachusetts 148 (135, 162) 172 (152, 195) 176 (156, 198) 148 (134, 163) 137 (113, 165) 160 (148, 174) 
B/Brisbane                         44 (40, 48) 40 (36, 45) 40 (35, 45) 46 (42, 50) 43 (36, 51) 43 (40, 46) 

Seroconversion rate % (95% CI) 
A/H1N1/California 66.9 (63.1,70.6) 66.2 (60.9,71.2) 71.0 (66.0,75.6) 64.2(60.1,68.1) 66.3(58.4,73.5) 66.7 (63.4,70.0) 
A/H3N2/Texas 70.1 (66.4,73.7) 75.7 (70.9,80.1) 77.1 (72.4,81.3) 69.0(65.1,72.8) 72.5(64.9,79.3) 72.1 (68.8,75.1) 
B/Massachusetts 59.2 (55.3,63.1) 60.4 (55.0,65.6) 62.7 (57.5,67.7) 58.3(54.1,62.3) 60.0(52.0,67.7) 59.6 (56.1,63.0) 
B/Brisbane                         42.4 (38.5,46.4) 37.3 (32.2,42.6) 41.2 (36.0,46.4) 40.7(36.7,44.8) 43.8(35.9,51.8) 39.9 (36.5,43.4) 
Source: Tables 14.2.1.2 and 14.2.1.1.1 of IR response STN 125285/194/9 

6.2.11.4 Dropouts and/or Discontinuations 
Please refer to Section 6.2.10.1.3. 

6.2.11.5 Exploratory and Post Hoc Analyses 
NA 

6.2.12 Safety Analyses 

6.2.12.1 Methods 
The safety and reactogenicity profiles were described and compared descriptively 
between the Flublok Quadrivalent and IIV4 groups. In summary, the safety of Flublok 
Quadrivalent and IIV4 were comparable with respect to the overall solicited local and 
systemic reactogenicity events, unsolicited AEs during Days 0-28, and MAEs/SAEs 
through 6 months following vaccination. 
• Generally, the proportion of subjects reporting each solicited local injection site 

reaction or systemic adverse reaction in the Flublok Quadrivalent group was similar 
to that in the IIV4 group, except that the Flublok Quadrivalent group tended to have 
higher incidence of redness (4.2% versus 0.9%); however, all of them were mild or 
moderate in severity (Table 14). The proportions of subjects reporting Grade 3 or 
Grade 4 solicited adverse reactions were low in the Flublok Quadrivalent group 
(<1.5%).  

• The proportion of Flublok Quadrivalent recipients reporting any unsolicited AEs 
within 28 days following vaccination was similar to that of IIV4 recipients (10.3% 
versus 10.5%). Severe unsolicited AEs were reported in 1.1% and 0.9% of subjects in 
the Flublok Quadrivalent and IIV4 groups, respectively.  

• MAEs were reported in 8.0% and 7.2% of subjects in the Flublok Quadrivalent and 
IIV4 groups during the six months of follow-up after vaccination, respectively.   
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Table 14: PSC16 – Comparison of Incidence and Severity of Local and Systemic Events of 
Reactogenicity and Fever (Days 0-7) 
 Flublok Quadrivalent 

n (%) 
IIV4 
n (%) 

Local Reactogenicity Eventa Any Grade 3 Grade 4 Any Grade 3 Grade 4 
   Local Pain 367 (36.8) 9 (0.9) 0 121 (36.4) 3 (0.9) 0 
   Local Tenderness 478 (48.0) 9 (0.9) 0d 155 (46.7) 4 (1.2) 0 
   Redness 42 (4.2) 0 0 3 (0.9) 0 0 
   Firmness / Swelling 49 (4.9) 0 0 10 (3.0) 0 0 
Systemic Reactogenicity Eventb Any Grade 3 Grade 4 Any Grade 3 Grade 4 
   Fatigue 164 (16.5) 5 (0.5) 0 55 (16.6) 4 (1.2) 0 
   Shivering / Chills 69 (6.9) 5 (0.5) 0 20 (6.0) 4 (1.2) 0 
   Joint Pain 94 (9.5) 9 (0.9) 0 34 (10.2) 2 (0.6) 0 
   Muscle Pain 127 (12.8) 9 (0.9) 0 39 (11.7) 3 (0.9) 0 
   Headache 202 (20.3) 13 (1.3) 0 70 (21.1) 6 (1.8) 1 (0.3) 
   Nausea 89 (9.0) 6 (0.6) 1 (0.1) 31 (9.3) 4 (1.2) 0 
   Feverc 15 (1.5) 4 (0.4) 0 2 (0.6) 1 (0.3) 0 
a The denominator for local reactogenicity events was Flublok Quadrivalent = 996 and IIV4 = 332.  
b The denominator for systemic reactogenicity events was Flublok Quadrivalent = 994 and IIV4 = 332. 
c The denominator for fever was Flublok Quadrivalent = 990 and IIV4 = 327. 
d This data point was corrected to eliminate a data entry error according to the IR response.  
Source: Table 14.3.2.7.1 of PSC16 CSR and Table 1 of IR response STN 125285/194/2 

6.2.12.3 Deaths  
There were no deaths throughout the duration of the study. 

6.2.12.4 Nonfatal Serious Adverse Events  
There were 15 SAEs reported overall from 10 (1.0%) Flublok Quadrivalent recipients 
and 2 (0.6%) IIV4 recipients during the six months of follow up. No SAEs were 
considered related to study vaccine in the investigators’ opinions. 

6.2.12.5 Adverse Events of Special Interest (AESI)  
NA 

6.2.12.6 Clinical Test Results  
NA 

6.2.12.7 Dropouts and/or Discontinuations 
Please refer to Section 6.2.10.1.3. 

7. INTEGRATED OVERVIEW OF EFFICACY   
Not applicable since the populations enrolled in the two trials were mutually exclusive 
with respect to age range.  

8. INTEGRATED OVERVIEW OF SAFETY  
See Section 7. 

9. ADDITIONAL STATISTICAL ISSUES 
NA 
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10. CONCLUSIONS 

10.1 Statistical Issues and Collective Evidence 
Efficacy (PSC12, adults ≥50 years of age): 
• Flublok Quadrivalent met the pre-specified rVE non-inferiority criterion as compared 

to IIV4 with respect to rtPCR-confirmed protocol-defined ILI beginning at least 14 
days post-vaccination.  The rVE was estimated as 30% (95% CI: 10%, 47%), with the 
lower 95% CI bound greater than the non-inferiority criterion of -20%. 

 
Immunogenicity: 
• In adults 18-49 years of age (study PSC16), the primary objective of demonstrating 

non-inferior immunogenicity of Flublok Quadrivalent to IIV4 was met for three of the 
four antigens (A/H1N1/California, A/H3N2/Texas, and B/Massachusetts) by GMT 
ratios and SCR differences. The post-vaccination HAI titers for B/Brisbane were 
notably lower in the Flublok Quadrivalent group than in the IIV4 group.  

o The HAI GMT ratio (IIV4/Flublok Quadrivalent) and 95% CI for each of the 
four strains (A/H1N1/California, A/H3N2/Texas, and B/Massachusetts, and 
B/Brisbane) were 0.81 (0.71, 0.92), 0.50 (0.44, 0.57), 0.86 (0.74, 0.99), and 
1.49 (1.29, 1.71), respectively (non-inferiority criterion: upper bound ≤1.5). 

o The HAI SCR difference (IIV4-Flublok Quadrivalent) and 95% CI for each of 
the four strains were -3.2 (-9.2, 2.8), -15.2 (-21.3, -9.1), 0.7 (-5.4, 6.9), and 
17.6 (11.4, 23.9), respectively (non-inferiority criterion: upper bound ≤10%). 

• In adults ≥50 years of age (study PSC12), immunogenicity non-inferiority was 
evaluated as a secondary objective. The criterion was met for three of the four 
antigens (A/H1N1/California, A/H3N2/Texas, and B/Massachusetts) by GMT ratios, 
and for two of the four antigens (A/H3N2/Texas and B/Massachusetts) by SCR 
differences. The post-vaccination HAI titers for B/Brisbane were also notably lower 
in the Flublok Quadrivalent group than in the IIV4 group.  

 
Safety: 
• In both PSC12 and PSC16, the safety of Flublok Quadrivalent was comparable to that 

of IIV4 with respect to overall solicited local and systemic reactogenicity events, 
unsolicited AEs during Days 0-28, and MAEs/SAEs through 6 months following 
vaccination. 

• Twenty deaths were reported in PSC12 (adults ≥50 years), similarly distributed across 
the two treatment groups; the investigators considered none of them to be related to 
vaccination. No deaths were reported in PSC16 (adults 18-49 years). 

10.2 Conclusions and Recommendations 
The submitted data support the primary non-inferior relative efficacy objective being met 
in adults ≥50 years of age. In adults 18-49 years of age, the criteria for demonstrating 
non-inferiority of Flublok Quadrivalent compared to IIV4 were not met for all co-primary 
immunogenicity endpoints. I defer to the medical officer and other review committee 
members to determine whether the totality of the data support approval in adults 18-49 
years of age. 
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Glossary


		A statistical review may contains jargon and acronyms (both regulatory and those associated with the specific statistical concept) that are obscure outside the Agency, and perhaps even outside the Office.  Judicious use of such terms can be effective and efficient.  However, reviewers should attempt to mitigate potential communication problems by spelling out each acronym before its first appearance and by listing in the glossary each acronym that appears in the review.  If an acronym has not been used for many pages, it is appropriate to introduce it again, especially if it is an esoteric term.  





AE 

Adverse Event


CDC

Centers for Disease Control and Prevention

CI

Confidence Interval

CSR

Clinical Study Report


GMT

Geometric Mean Titer


HAI

Hemagglutination Inhibition


IIV

Inactivated Influenza Vaccine


ILI 

Influenza-Like Illness


IR

Information Request

MAE

Medically-Attended Adverse Event

PSC 

Protein Sciences Corporation

rHA

Recombinant Hemagglutinin


rtPCR

Reverse Transcription Polymerase Chain Reaction


rVE

Relative Vaccine Efficacy


SAE

Serious Adverse Event


SAP 

Statistical Analysis Plan


SCR

Seroconversion Rate

SPR

Seroprotection Rate

1. Executive Summary

		The Executive Summary (ES) is a brief description of the most important findings and conclusions of the statistical review.  It should communicate only the highlights of what the reviewer considered in coming to his/her conclusions.  It should not include presentation of detailed data.  The ES is intended to be a "bottom line", stand-alone document that recapitulates the entire review so succinctly that it generally should not exceed 2 pages in length.  Except in rare circumstances, an ES of significantly more than 2 pages undermines the purpose of the entire endeavor and is therefore unacceptable. 

Reviewers are encouraged to take great care in constructing the ES, because it will serve several important purposes.  A primary function of the ES is to brief an internal audience.  A wide variety of readers (e.g., supervisors, other review team members, statistical reviewers assigned to similar products, support staff) may seek information from the  review.  All will find a concise, comprehensive summary to be helpful.  Finally, reviewers should recognize that the vast majority of readers, particularly external stakeholders, will not read the entire statistical review document; the ES therefore represents one of the few opportunities for the statistician to effectively communicate his or her statistical evaluation of the submission.


The ES should inform readers about the basic context of the application, the critical analyses, major regulatory events (such as Advisory Committee deliberations), and the statistical perspective on the application.  Details that were considered in reaching statistical conclusions belong in the body of the review and not in the ES.   If necessary, tables, charts, and graphs can be included to provide an overview of key information on the submission.  When applicable, it is recommended that the reviewer provide references to text, tables, and graphs to which readers can refer within the body of the review.


The following topics should be covered in the Executive Summary:


· brief introduction of the product and the proposed indication(s)


· a list of studies relevant to the review, usually including all Phase 3 studies;  if applicable, explain the selection of studies for statistical review 


· very brief (e.g. one sentence) description of selected studies, including study design, pre-specified primary endpoint(s), treatment groups, patient population, number of patients enrolled 


· top level results of the efficacy analyses


· top level results of the safety analyses


· key statistical issues and findings that impact the demonstration of efficacy/safety


· brief summary of Advisory Committee vote(s) and/or recommendation(s) (if applicable)


· summary of any significant safety and/or efficacy issues relevant to special populations or demographic groups, such as gender, age, and pregnancy (if applicable)


· summary of the statistical reviewer’s assessment of the pharmacovigilance plan and of the postmarketing clinical program (if applicable) 


· brief discussion of significant issues not addressed by the above categories (if applicable)


· bottom line conclusions of the reviewer based on the strength of statistical evidence and key statistical issues with respect to the proposed indication and target population, including recommendations regarding proposed labeling; specific recommendations for approval are generally beyond the scope of the statistical review and should not be included







Protein Sciences Corporation (PSC) submitted BLA supplement STN 125285/194 to seek licensure of a quadrivalent formulation of Flublok. Two observer-blinded, randomized, active-controlled clinical trials were submitted to support the application. Study PSC12 was conducted primarily to establish non-inferiority of the vaccine efficacy of Flublok Quadrivalent relative to a licensed quadrivalent inactivated influenza vaccine (IIV4) in protecting against reverse transcription polymerase chain reaction (rtPCR) -confirmed protocol-defined influenza-like illness (ILI) in adults ≥50 years of age. Study PSC16 was conducted primarily to establish non-inferior immunogenicity of Flublok Quadrivalent to that of IIV4 in adults 18-49 years of age as measured by post-vaccination Hemagglutination Inhibition (HAI) antibody geometric mean titers (GMTs) and seroconversion rates (SCRs). 

Efficacy (PSC12, adults ≥50 years of age):


Flublok Quadrivalent met the pre-specified relative vaccine efficacy (rVE) criterion for non-inferiority with respect to rtPCR-confirmed protocol-defined ILI: the rVE was estimated to be 30%, (95% confidence interval [CI]: 10%, 47%), with the lower 95% CI bound greater than the criterion of -20%.


Immunogenicity (PSC16, adults 18-49 years of age):


The primary objective of demonstrating non-inferior immunogenicity of Flublok Quadrivalent to IIV4 was met for three of the four antigens (A/H1N1/California, A/H3N2/Texas, and B/Massachusetts [Yamagata lineage]) by GMT ratios and SCR differences. The post-vaccination HAI titers for B/Brisbane [Victoria lineage] were notably lower in the Flublok Quadrivalent group compared to the IIV4 group.

· The HAI GMT ratio (IIV4/Flublok Quadrivalent) and 95% CI for each of the four strains (A/H1N1/California, A/H3N2/Texas, B/Massachusetts, and B/Brisbane) were 0.81 (0.71, 0.92), 0.50 (0.44, 0.57), 0.86 (0.74, 0.99), and 1.49 (1.29, 1.71), respectively (criterion: upper bound ≤1.5).


· The HAI SCR difference (IIV4-Flublok Quadrivalent) and 95% CI for each of the four strains were -3.2 (-9.2, 2.8), -15.2 (-21.3, -9.1), 0.7 (-5.4, 6.9), and 17.6 (11.4, 23.9), respectively (criterion: upper bound ≤10%).


Overall, no notable safety concerns were identified comparing Flublok Quadrivalent to IIV4. In adults 18-49 years of age, the criteria for demonstrating non-inferiority of Flublok Quadrivalent compared to IIV4 were not met for all co-primary immunogenicity endpoints. I defer to the medical officer and other review committee members to determine whether the totality of the data support approval in adults 18-49 years of age. 

2. Clinical and Regulatory Background


		The purpose of this section is to offer the reader basic information about the biologic product and the relevant regulatory activity related to this particular submission.


Much of this section will ordinarily be deferred to the clinical reviewer.  In general, the statistical review will contain less detail on each of the subsections than the primary clinical review.  








Flublok, a trivalent recombinant hemagglutinin (rHA) influenza vaccine, was approved on January 16, 2013 for indication of active immunization against disease caused by influenza virus subtypes A and type B contained in the vaccine in adults 18-49 years of age; it was approved on October 29, 2014 for use in adults ≥50 years of age under the accelerated approval of biological products regulations. To be consistent with the direction in which the field of seasonal influenza vaccines is moving, PSC submitted BLA supplement STN 125285/194 on December 8, 2015 to seek licensure of a quadrivalent formulation of Flublok. Two observer-blinded, randomized, active-controlled phase 3 clinical trials were conducted to support the application. 

· Study PSC12 was conducted primarily to establish non-inferiority of vaccine efficacy of Flublok Quadrivalent relative to that of a licensed quadrivalent IIV4 in protecting against rtPCR-confirmed protocol-defined ILI in the ≥50 year age population.


· Study PSC16 was conducted primarily to establish non-inferior immunogenicity of Flublok Quadrivalent relative to that of IIV4 as measured by post-vaccination HAI antibody titers among adults 18-49 years of age. 

3. Submission Quality and Good Clinical Practices


3.1 Submission Quality and Completeness


		This section should describe the reviewer’s opinion of the overall quality of the submission.  Consider such topics as organization, ease (or lack thereof) of navigation (e.g., broken hyperlinks), ability to locate data, and completeness of the submitted information.


In the case of high quality submissions, very little commentary is necessary.  For example, it may be as brief as, “The submission was adequately organized for conducting a complete statistical review without unreasonable difficulty.”


When a submission is incomplete or is of such poor quality that a satisfactory statistical review is not possible, the primary review Division may choose to address the problem(s) through regulatory action, such as issuing a refuse to file (RTF), major amendment, or complete response (CR) letter.  Discussion of such interactions with the applicant is expected in Section 2.5, so refer to that section if applicable.





The submission quality and completeness was adequate for conducting a statistical review.

3.2 Compliance With Good Clinical Practices And Data Integrity


		Much of this section will ordinarily be deferred to the clinical reviewer.  When relevant to the statistical review, provide summary comments on compliance with good clinical practices,  e.g.  informed consent, site-specific issues, and whether the clinical trials were conducted in accordance with acceptable ethical standards.  


If applicable, this section should also include assessment of data integrity with attention to:


· Data integrity issues with respect to efficacy and safety 


· Issues identified with respect to monitoring of clinical trials and how the monitoring, or lack thereof, affected data integrity  








NA

4. Significant Efficacy/Safety Issues Related to Other Review Disciplines 


		When relevant to the statistical review, in sections 4.1 to 4.6,  summarize the significant findings on the safety and efficacy of the biologic product from the perspective of other review disciplines:  chemistry, manufacturing, and controls (CMC), which will include assay validation review (if applicable); nonclinical pharmacology/toxicology (if applicable); epidemiology i.e. pharmacovigilance proposal review (if applicable); clinical and clinical pharmacology (if applicable).  The reviewer should not restate all of the major points of the various disciplines; instead, limit the content of this section to a high-level discussion of issues that impact the statistical review.  In some cases, only Section 4.5 will be used; in some cases, Section 4 may be omitted entirely.


This Section can also be used to address specific requests for statistical consultation from discipline reviewers, when applicable.  For instance, if a clinical pharmacology reviewer requested that the statistical reviewer evaluate an unusual PK/PD analysis plan, this information can be summarized in Section 4.4.








NA

5. Sources of Clinical Data and Other Information Considered in the Review 


		This section should describe the sources of data used in the review and discuss the overall review strategy.  


Potential sources for the review include sources within the licensing application (such as submitted final study reports) as well as sources external to the BLA.  Much of the information from external sources (e.g., studies conducted by a third party (such as the NIH), studies conducted under an existing IND for a similar product, foreign postmarketing safety data, etc.) should be discussed in Section 2.  In those cases, simply make note here of such sources and refer to Section 2.  For all other sources, follow the instructions below.





5.1 Review Strategy


		General Review Strategy


A thorough accounting of all the BLA/IND documents considered in the review is to be documented in Section 5.2.  Here, describe the general review strategy utilized.  Which sources were emphasized in the review process, e.g., which studies were considered pivotal for efficacy and for safety?  How was the review strategy influenced by what the applicant proposed for the PI, both in terms of the indication(s) and the data quoted in the body of the PI? 


As mentioned under “General Instructions”, reviewers are encouraged to omit non-relevant sections.  If necessary, explain why certain sections of the template were considered unnecessary and were therefore deleted.  It is not necessary to explain the omission of subsections which are ordinarily deferred to the clinical reviewer.


Approach to Review of Individual Studies and Pooled Data


Particularly important in this section is a discussion of which, if any, of the trials were reviewed separately and why.  Determining which, of the submitted studies merit separate discussion is an extremely important decision that should be made prior to proceeding beyond the development of a draft outline.  Supervisory input may be helpful in many cases.  


Points to consider regarding this issue:


· Content of the clinical development program:  the approach may be clearly dictated by what is submitted.  For example, some applications are supported by a single Phase 3 pivotal study, for both efficacy and safety.  In this case, the reviewer may choose to review the Phase 3 study in-depth under Section 6.  For most of the elements in the overviews for efficacy and safety, the reviewer should refer to the definitive statistical assessment in Section 6, stating that earlier phase studies did not materially impact the analysis or the conclusions of the review.


· Content of the PI:  it would be difficult to overemphasize the importance of focusing the statistical review based on content of the PI.  In fact, one of the central goals of the statistical reviewer should be to ensure that the final PI represents an adequate and appropriate characterization of the clinical data.  This applies not only to evaluation of what the applicant proposes to include but also to what the reviewer identifies as necessary but missing.  As such, reviewers are strongly discouraged from including in depth review of individual studies that do not appear (or need to appear) in the label.  At most, brief summaries of the findings of such studies can be placed in an appendix.  Reviewers who have found that writing a detailed review of every study is an indispensable part of the process are encouraged to keep the results of these efforts in their records as they might prove to be a useful personal reference.  


On the other hand, scenarios exist in which separate review of an unlabeled study would be appropriate.  For example, if an early phase study generated efficacy data that were substantially different from the pivotal study(ies), that early phase study might merit individual review.  In such a case, the reviewer would be expected to focus on the reasons for differences in the efficacy profile under different conditions and to comment on possible implications for use of the product in a broader population.


· Similarity of study procedures/endpoints:  although it is the exception rather than the rule, in some cases, a series of studies may be sufficiently similar (in study population, surveillance, endpoints, etc) to review as a pooled dataset in the Overview Section.  The practice of pooling data is common for examining, for example, SAEs and deaths across a clinical development program.  But it is much less commonly appropriate for the purpose of reviewing efficacy.  It should be undertaken only with caution and after close collaboration and consensus with the clinical reviewer and other review team members.  One example of a situation in which this may apply would be a series of animal studies submitted to provide evidence of effectiveness under the animal rule.


Joint Review

Review teams may divide portions of the clinical and statistical reviews among various reviewers to address different aspects such as efficacy, safety, and studies supportive of an animal rule approach.  The arrangements for such joint reviews should be described in this section, including responsibilities for synthesis and documentation of the overall conclusions for the application.  





This review focuses on two clinical studies: PSC12 and PSC16. The submitted data, Clinical Study Reports (CSRs), and subsequent amendments of the applicant’s response to CBER's information requests (IRs) were reviewed. 

5.2 BLA/IND Documents That Serve as the Basis for the Statistical Review


		This subsection should consist of a simple but comprehensive list of all the materials from the application that were considered for the statistical review, e.g. applicant study report and data sets analyzed.   


If data were provided electronically, the location/names of data sets should be documented.  The full electronic path of these data should be specified according to the Electronic Document Room (EDR) naming convention.  Organizing this list by the eCTD module number and location in which the documents were submitted to the BLA is helpful for future reference. If only paper version is submitted, then reference to volume, section, page, table, and/or graph should be specified.   


When applicable, evaluations based on literature reviews should identify the source and extent of available raw data.  Discussion of the former belongs in section 5.5; the latter, here in section 5.2.   The reviewer should also assess the quality and integrity of all submitted data. However, the template calls for data integrity assessment in section 3.1.   





This review is primarily based on Module 5 of STN 125285/194/0 (received on December 8, 2015), as well as several subsequent amendments 2, 3, 9, and 19.

5.3 Table of Studies/Clinical Trials


		This section is the only part of the review that summarizes the efficacy and safety studies/clinical trials together for reference, making this table of studies/clinical trials an important resource for the reader.  Comprehensively list the studies/clinical trials, especially noting the differences between the efficacy and safety databases.  The table(s) can include basic trial information such as the protocol number, country(ies), subject age range, number of subjects planned, number of subjects enrolled, demographics, control group, randomization ratio, dose level(s), extent of exposure, duration of follow-up, formulation and lot number(s) of product(s) used, whether the primary endpoint was met, and whether or not the study was conducted under IND.  


Reviewers may choose to organize the table(s) in a variety of ways (e.g., by phase (1, 2, 3, or 4), control group, size, duration, indication); let the review strategy dictate which format is most suitable.  The table(s) can indicate the relevance of each study or clinical trial to the safety and/or efficacy review.  Make note of the particular studies/clinical trials reviewed and those not reviewed.  





Two clinical trials were submitted to support the application (Table 1). 


Table 1: Overview of clinical trials 


		Study Number


Number of Centers


Location(s)


Season

		Study Objective(s)

		Design and


Type of


Control

		Test Product(s)


Dosage Regimen 

		Subjects Population



		PSC12 

40 Centers, US only

2014-2015

		Relative efficacy, immunogenicity, and safety/reactogenicity 

		Randomized, observer-blinded, active controlled

		Flublok Quadrivalent seasonal vaccine ×1;


Fluarix Quadrivalent seasonal vaccine ×1

		Healthy, medically stable adults ≥50 years of age with no contraindication to either study vaccine; immunogenicity subset included all subjects enrolled at 5 sites.



		PSC16


10 Centers, US only 

2014-2015

		Immunogenicity, and safety/reactogenicity

		Randomized,  observer-blinded, active controlled

		Flublok Quadrivalent seasonal vaccine ×1;


Fluarix Quadrivalent seasonal vaccine ×1

		Healthy, medically stable adults 18-49 years of age with no contraindication to either study vaccine.





Source: adapted from Module 5.3.5.3 Integrated Summary of Efficacy

6. Discussion of Individual Studies/Clinical Trials


		This section is required for most statistical reviews; in some cases, however, discussion in the integrated overview (efficacy and safety) sections below is sufficient and appropriate.  Here, simply state which, if any, of the studies will be discussed individually and refer to “Review Strategy” for additional information on the overall approach to the review. 


The following subsections contain a series of items to consider documenting/discussing in the review of individual studies.  Subsections 6.x.1 – 6.x.9 discuss planned study features.  Subsections 6.x.10 – 6.x.12 discuss study results and conduct.  Inclusion of each element is not obligatory.  The amount of information provided should reflect the relevance of the study to the overall determination of safety and efficacy.  Reviewers are encouraged to exercise their judgment to omit irrelevant detail.


Some study features (e.g., eligibility criteria, methods of measuring endpoints) may be common to several studies.  To avoid redundancy in discussion of multiple similar studies, do not describe these features repeatedly.  Instead, simply reference the section which first describes them (ideally with a hyperlink to the relevant section).  Some reviewers may prefer to create a synopsis table for each study to document study features instead of discussing them in individual subsections.  This approach can be adapted to accommodate documentation of study features of multiple similar studies.


If there is a second (or third, fourth, etc.) important trial to be reviewed individually, you can add additional trials by clicking on the “Add New Trial” button on the toolbar above (Word 2003) or Add-Ins tab (Word 2010).  You will be prompted to provide the trial index number (x) for the new subsection (6.x).  The new subsection will be inserted below the last current clinical trial subsection.  If you need to move it (trial inserted out of order), you can cut and paste into the right location as usual.





6.1 PSC12 


Title: Comparison of the Protective Efficacy of Flublok® Quadrivalent versus Licensed Inactivated Influenza Vaccine in Healthy, Medically Stable Adults ≥50 Years of Age

6.1.1 Objectives


		A single sentence, paragraph or bulleted or numbered list describing the purpose/objective(s) and rationale of the study should be included.





Primary Objectives:


· To compare the clinical efficacy of Flublok Quadrivalent to that of IIV4, with respect to the ratio of attack rates of rtPCR-confirmed protocol-defined ILIs that begin at least 14 days after vaccination caused by any influenza viral types/subtypes. 

Secondary Objectives:


· To compare the relative protective efficacy in prevention of respiratory illness and influenza infection beginning at least 14 days after vaccination among Flublok Quadrivalent recipients versus IIV4 recipients using several alternative case definitions;

· To compare immunogenicity of Flublok Quadrivalent versus IIV4 in a preselected subset of subjects adequate to compare post-vaccination HAI GMTs and SCRs for all four antigens in each study vaccine;

· To compare the safety and reactogenicity of Flublok Quadrivalent versus IIV4.


6.1.2 Design Overview 


		A single phrase, sentence or paragraph describing the general design, including such terms as randomized, single-blind, double-blind, placebo-controlled, parallel or cross-over is usually sufficient.  State the planned study sample size and duration.  More granular design elements can be described here (such as the allowed time interval between randomization and 1st dose/intervention) but only if they will subsequently receive more attention because they are thought to have an important impact on the results and conclusions.


The reviewer is encouraged to include a “Reviewer Comment” here regarding the strength of the study design to generate definitive data to support the sought-after indication; also, address issues with study design and/or analysis that could limit interpretation of the data.  Consider, for example, concerns about blinding, unplanned subset analyses, use of secondary endpoints, inadequately justified choice of non-inferiority margin, imbalance of baseline characteristics, handling of dropouts, etc.  Many, if not all, of these issues should have been resolved in discussions with the sponsor at the end of phase 2.  This represents the reviewer’s opportunity to comment on the impact of those decisions.  Reference to the guidance for industry Providing Clinical Evidence of Effectiveness for Human Drug and Biological Products, could be useful for framing this discussion.  





This study was an observer-blinded, randomized, active controlled, multi-center trial. Subjects were randomized (without stratification) in a ratio of 1:1 to receive a single dose of Flublok Quadrivalent or US-licensed IIV4 (Fluarix Quadrivalent). The randomization was conducted to ensure reasonable balance across three age categories (50-64, 65-74, and ≥75 years) and to ensure balanced enrollment to two treatment groups across study sites.  

· Surveillance of ILIs was both passive and active. These procedures included twice-weekly calls by subjects to a central interactive voice response system to report whether they had or were experiencing influenza-like symptoms. In addition, sites contacted each subject every two weeks to inquire as to ILI symptoms, to maintain subjects’ engagement in the study, and to remind subjects to return for testing in the event of influenza-like symptoms. 

· Serum samples for HAI serology were obtained on Days 0 and 28 from all subjects who enrolled at pre-selected sites without further selection of subjects to participate in the serology subset.


· For safety data collection, solicited events of reactogenicity were recorded on Memory Aid A during the 7 days following vaccine administration and reported to the site by phone at 7-9 days after the vaccine administration. Unsolicited AEs occurring during 28 days following vaccine administration were recorded on a separate Memory Aid B and reviewed at the Day 28 contact. SAEs and MAEs continued to be captured on Memory Aid B through the period of follow-up to the end of the influenza season (at least 6 months post-vaccination).


Reviewer’s comments:


Discrepancies were observed among the protocol, the CSR, and the data set, regarding the subpopulation from whom the serum samples were collected. The protocol stated that subjects at two to three pre-selected study sites were to have serum samples drawn for HAI serology. The CSR stated that serum samples for HAI serology were obtained from all subjects at five sites which were identified at the initiation of the study as having the capabilities for managing serologic sample collection and handling, and no further selection of subjects to participate in the serology subset was performed. However, the data showed that, for two of the five study sites, fewer than 30% of the subjects were included in the serology subset. 

An IR was therefore sent to the applicant requesting clarification. The response (STN 125285/194/19) explained that by early November 2014, the pace of enrollment suggested that the three pre-selected sites might not fully enroll the serology subset by the time the overall enrollment was complete. Thus, two additional sites were asked to participate since then, and all subsequently randomized subjects at those two sites were included in the serology subset, with no further selection. This procedure appears to be supported by the enrollment information provided in the data. 


6.1.3 Population 


The study population included ambulatory and medically stable adults ≥50 years of age for whom the study vaccines were not contraindicated, and who did not have underlying conditions that might complicate the evaluation of the primary efficacy endpoint.  


		Summarize the important eligibility criteria.





6.1.4 Study Treatments or Agents Mandated by the Protocol


		Provide the dose, schedule and route of administration of the investigational product and control product (e.g., placebo), as well as concomitantly administered approved products when relevant (e.g., sealants/hemostatic agents, licensed vaccines).


Lot numbers may be provided for the investigational product(s) when applicable.





Subjects were randomized to receive one of the two vaccines by intramuscular injection: 

· Flublok Quadrivalent (0.5 mL volume): 45μg (180μg total) of rHA derived from each of four influenza antigen strains: A/California/07/2009 (H1N1), A/Texas/50/2012 (H3N2), B/Massachusetts/2/2012 (B/Yamagata-lineage), and B/Brisbane/60/2008 (B/Victoria-lineage);

· IIV4 (Fluarix Quadrivalent) (0.5 mL volume): 15μg (60μg total) of HA from each of the four influenza antigen strains: A/Christchurch/16/2010 (an A/California/7/2009-like virus) (H1N1), A/Texas/50/2012 (H3N2), B/Massachusetts/2/2012, and B/Brisbane/60/2008.

6.1.6 Sites and Centers


		Briefly summarize the number and location of study sites. 





The study was conducted in 40 sites in the US.

6.1.7 Surveillance/Monitoring


		This section will generally be deferred to the clinical reviewer.  If there are issues relevant to the statistical review (e.g. measurement timepoints for important endpoints), summarize the surveillance/monitoring plans for both safety and efficacy in this section. 


Frequently, the applicant submits in the clinical study report a figure or table that provides all necessary detail of surveillance and monitoring in as concise a manner as possible.  Do not try to improve on what amounts to reference material for readers who may want to check details regarding conduct of the study.  Cutting and pasting this table (and documenting the source) may be sufficient in some cases.





NA

6.1.8 Endpoints and Criteria for Study Success 


		Describe in detail the prospective primary and secondary endpoint(s) of the study. 


Evaluate the consistency between endpoints and objectives.


A discussion of any FDA/applicant interactions regarding the development and validation of clinical trial endpoints should be described in Section 2.5.  To remind the reader of the importance of this topic, refer back to the discussion in Section 2.5.


When there are issues with efficacy endpoint adjudication that affect overall conclusions of the study, discuss how efficacy endpoints were adjudicated by the applicant here.  The complexity of this discussion can vary widely.  If applicable, any re-adjudication of endpoints conducted by the FDA or its consultants should also be described.


When known, indicate whether instruments and/or endpoints were appropriate for the study, including consideration of any validation of the endpoints for the indicated disease (or health-related condition) and for the population being studied.  In some cases, this evaluation will be deferred to the clinical reviewer.


If applicable, describe the use of composite primary endpoints.  How many component endpoints make up the composite?  Comment on the distribution of cases.  Was there a roughly even distribution among the components?  Did one or two components make up the vast majority of the composite endpoint cases?  The clinical reviewer will be responsible for assessing how much weight each component should be given in assessing overall clinical impact.  The statistical review, however, should include a discussion of statistical issues related to the interpretation of each component (e.g. whether some components are inherently more variable or subject to bias than others). 


State whether definitions for endpoints in the protocol were modified during or after the completion of the study.  As always, avoid repetition whenever possible by referring to the relevant section if the topic has been addressed adequately elsewhere in the review.





Primary endpoint:


· rtPCR-confirmed, protocol-defined ILI caused by any influenza strain that begins at least 14 days post-vaccination.

· The primary objective was evaluated by assessing non-inferiority of the relative efficacy of Flublok Quadrivalent as compared to that of IIV4. The non-inferiority criterion was that the lower bound of the two-sided 95% CI of the rVE > -20%. 


Secondary efficacy and immunogenicity endpoints:


· Culture-confirmed protocol-defined ILI that begins at least 14 days post-vaccination caused by an influenza strain (identified from the same clinical sample) antigenically matched to those strains represented in the study vaccines;

· rtPCR-confirmed CDC-defined ILI that begins at least 14 days post-vaccination caused by any influenza strain;

· Culture-confirmed CDC-defined ILI that begins at least 14 days post-vaccination caused by an influenza strain (identified from the same clinical sample) antigenically matched to those in the study vaccines;

· Post-vaccination HAI GMTs and SCRs for all four antigens in a preselected subset of subjects.

Secondary safety endpoints:


· Solicited events of systemic and injection site reactogenicity during Days 0-7;

· Unsolicited AEs reported within 28 days following vaccine administration;

· SAEs and MAEs occurring during the period of follow-up through the influenza season (at least 6 months post-vaccination).

6.1.9 Statistical Considerations & Statistical Analysis Plan


		The reviewer should describe the statistical analysis plan used by the applicant and whether it was pre-specified in the protocol. If applicable, include methodologies used in supplemental analyses performed by the reviewer (with explanation).  The reviewer may document technical discussion, mathematical derivation, or presentation of formulae in an appendix rather than in the main body of the review.


The following are some elements of the study design and statistical analysis plan that the statistical reviewer should cover when applicable.  This list is not necessarily comprehensive; the reviewer’s judgment should be used to determine any additional features to document:


· Treatment assignment

· Type of assignment (fixed randomization, dynamic randomization, deterministic)

· Randomization ratio


· Stratification variables 


· Statistical hypotheses tested (including whether hypotheses tested are for superiority, non-inferiority, etc)


· One-sided vs. two-sided tests


· Significance levels specified


· Statistical methods 


· Assumptions for the methods 


· Alternative methods if assumptions fail


· Consistency with study objectives, hypotheses, endpoints


· Inclusion of stratification variables 


· Inclusion of other covariates 


· Sample size  


· Assumptions used (e.g. distribution, effect size, percent power, dropout rate, etc)


· Consideration of multiple endpoints


· Consideration of safety endpoints in sample size calculation


· Consistency with primary analysis method of primary endpoint


· Interim analyses planned 


· Stopping rules and purpose (efficacy, safety, futility, etc.)

· Preservation of study type I error rate


· Interim analysis plan


· Access to unblinded results


· Complex study designs (e.g. adaptive design, Bayesian, etc.)   


· Justification of design


· Procedure for controlling study-wise type I error


· If Bayesian, are priors justified?


· If adaptive, are all possible interim outcomes accounted for?


· Definitions of analysis populations (e.g. ITT, PP)


· Multiplicity 


· Due to multiple primary endpoints 


· Due to multiple time points


· Due to multiple secondary endpoints 


· Subgroup analyses planned 


· Inclusion of gender, age, race/ethnicity, site 


· Missing data


· Handling of missing data


· Justification for procedure


· Sensitivity analysis


· Analysis plan for safety


· Study success criteria prespecified 


· Safety stopping rules


· Study/data monitoring planned by independent personnel 


· Major/minor protocol deviations defined 


· Blinding techniques (ideally, describe exactly who was and wasn’t blinded to treatment arm assignment and when, rather than using potentially ambiguous terms such as “single” or “double” blind) 








Efficacy analyses


The rVE was calculated as 100×(1-Attack rate [Flublok Quadrivalent]/Attack Rate [IIV4]). Farrington and Manning’s score method was used to compute the two-sided 95% CI. 

Immunogenicity analyses


The post-vaccination HAI titers were compared between Flublok Quadrivalent recipients and IIV4 recipients using CBER’s criteria for non-inferiority: the upper bound of the two-sided 95% CI on SCR difference (IIV4-Flublok Quadrivalent) ≤10%; the upper bound of the 95% CI on the GMT ratio (IIV4/Flublok Quadrivalent) ≤1.5. The GMT ratios were to be calculated as the antilog of the difference between two mean log-transformed titers. The CI for the SCR difference was based on Farrington and Manning’s score method. 

Reviewer’s comments:


The Statistical Analysis Plan (SAP) stated that “Non-inferiority of immune responses across the entire age spectrum will be concluded if the criteria specified above are met using the Bonferroni adjustment for multiple comparisons. The Bonferroni adjusted significance level (two sided) is 0.00625 for the eight co-primary immunogenicity endpoint HAI comparisons.” Since the immunogenicity endpoints were to be evaluated as “co-primary,” all endpoints must meet the criterion to conclude non-inferiority and thus the Bonferroni adjustment is unnecessary. 

Major changes in study conduct or planned analyses


Cultures of influenza viruses from rtPCR positive nasopharyngeal swabs could not be processed to generate adequate titers of virus to be tested against ferret antiserum for antigenic identification. Thus, the analyses of rVE for ILI due to strains that matched the HAs in the study vaccines were not available.


Reviewer’s comments:


During the review of both study PSC12 and study PSC16, the reviewer found that the applicant calculated the rVEs, GMT ratios, and SCR differences based on rounded attack rates, GMTs, and SCRs, respectively. In addition, the log-transformed HAI titers used for GMT analyses were also rounded values. All of these intermediate roundings could lead to inaccurate analysis results; thus, an IR was sent to the applicant requesting recalculations. This review presents the applicant’s results from recalculations for both studies, which were submitted to STN 125285/194/9. 

6.1.10 Study Population and Disposition


		In general, use of tables and graphs are encouraged in the following subsections.  Tables and graphs displaying trial results should indicate the source and whether the material was adapted or replicated (i.e., “cut and paste”).  The following example footnotes are provided as suggested templates:


· Identical replication:


“Source: Original sBLA 125126/773; Clinical Study Report V503-019, p.138”


· Adaptation:


“Source: Adapted from - sBLA 125126/773; Clinical Study Report V503-019, p.236”





6.1.10.1
Populations Enrolled/Analyzed


		In this section, the reviewer should specify sample size for specific analyses (e.g., per protocol, intention to treat (ITT)). Detailed definitions of each analysis population should have been provided in subsection 6.x.9.








The efficacy population included all randomized subjects who received study vaccine and provided follow-up for ILI beginning at least 14 days following vaccine administration. The efficacy population excluded subjects with significant protocol deviations that could adversely impact efficacy, e.g., disease or therapeutic intervention that might cause suboptimal response to study vaccine. The efficacy population was used for all efficacy analyses.


The immunogenicity population included all randomized subjects at the specific sites pre-selected for serology who received study vaccine and provided serum samples on Days 0 and 28 for serologic testing. The immunogenicity population did not include subjects with significant protocol deviations that could adversely impact the immune response, e.g., disease or therapeutic intervention that might cause immunocompromise. 


The safety population included all randomized and vaccinated subjects that provided any safety data following administration of study vaccine. The reactogenicity population included all randomized subjects who received study vaccine and provided data on at least one day of the 7-day Memory Aid A for reactogenicity. There were three reactogenicity subpopulations: (1) subjects with at least 1 injection site reaction recorded in Memory Aid A; (2) subjects with at least 1 systemic reaction recorded in Memory Aid A; and (3) subjects with at least one body temperature measurement recorded in Memory Aid A.  

For all the study populations, subjects were analyzed according to the vaccine received, regardless of the vaccine group to which they were randomized.


6.1.10.1.1 Demographics


		Provide, usually in tabular form, demographic information for the treatment groups (e.g., age, gender, race/ethnicity, distribution by investigator or site, etc.)





Table 2 shows the demographics by treatment group for the safety population. The demographical characteristics were comparable between treatment groups. The demographic profile for the efficacy population was similar.  

Table 2: PSC12 – Demographics (Safety Population)


		

		Flublok Quadrivalent


N=4328

		IIV4


N=4344



		Age (years) mean (range)

		62.7 (50 – 96)

		62.6 (50 - 94)



		Age Group n (%)

		

		



		    50-64 years

		2569 (59.4)

		2617 (60.2)



		    ≥65 years

		1759 (40.6)

		1727 (39.8)



		    65-74 years

		1234 (28.5)            

		1254 (28.9)



		    ≥75 years                           

		525 (12.1)

		473 (10.9)



		Sex, n (%)

		

		



		    Male                                              

		1796 (41.5)               

		1807 (41.6)



		    Female            

		2532 (58.5)     

		2537 (58.4)



		Race, n (%)

		

		



		    Black or African American                 

		773 (17.9)                             

		753 (17.3)



		    White or Caucasian                                                    

		3467 (80.1)   

		3493 (80.4)



		    Other a                            

		88 (2.0) 

		98 (2.3)



		Ethnicity, n (%)

		

		



		    Hispanic                                      

		206 (4.8)                              

		219 (5.0)



		    Non-Hispanic                         

		4122 (95.2)                           

		4123 (94.9)



		    Other                                     

		0

		2  (0.0)





a Other = American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, Asian or other


Source: Table 19 of PSC12 CSR

6.1.10.1.2 Medical/Behavioral Characterization of the Enrolled Population


		If needed, further characterize the enrolled population with regard to variables that could have an important impact on the assessment of safety and efficacy.  You may wish to consult the clinical reviewer on which important characteristics should be considered.  


Make note of any imbalances in randomization results that could affect efficacy and/or safety results, or include a statement that no such imbalances were identified.  Note that lack of statistically significant baseline differences does not imply that there are no important imbalances.





NA

6.1.10.1.3 Subject Disposition


		Frequently, this is best documented with a flow diagram that illustrates graphically how many subjects were recruited, failed eligibility criteria, violated protocol, died, dropped out, crossed over to a different study arm according to protocol, were lost to follow-up, were available for analysis in defined study populations, etc.  In many cases, the clinical study report will include such a diagram, which can be copied and pasted with appropriate attribution.





A total of 9003 subjects were enrolled and randomized. Among them 15 subjects withdrew consent prior to receiving study vaccine, and 25 subjects received a dose of study vaccine for which the identity could not be verified. Table 3 summarizes the study subject disposition excluding these 40 subjects based on the actual treatment received per subject.  

Table 3: PSC12 – Subject disposition


		

		Flublok Quadrivalent


N = 4474

		IIV4


N = 4489



		

		n (%)

		n (%)



		Efficacy Population

		4303 (96.2)

		4301 (95.8)



		Immunogenicity Population

		314  (7.0)

		300  (6.7)



		Safety Population

		4328 (96.7)                      

		4344 (96.8)



		Reactogenicity Population

		4312 (96.4)                      

		4327 (96.4)



		Reactogenicity Population 1a

		4307 (96.3)                      

		4319 (96.2) 



		Reactogenicity Population 2b

		4306 (96.2)                      

		4318 (96.2) 



		Reactogenicity Population 3c

		4262 (95.3)                      

		4282 (95.4)



		Subjects with any Major Protocol Deviation

		124 (2.8)

		127 (2.8)



		Subjects with any Major Protocol Deviation For Immunogenicity

		24 (0.5)

		25 (0.6)



		Completed study

		4228 (94.5)                      

		4236 (94.4)



		Primary Reason for Early Withdrawal

		

		



		Adverse Event

		9  (0.2)                             

		8  (0.2)



		Investigator Decision

		1  (0.0)                             

		2  (0.0)



		Lost to Follow-up

		176  (3.9)                         

		172  (3.8)



		Sponsor Request

		0

		0



		Voluntary withdrawal unrelated to AE

		53 (1.2)                           

		61 (1.4)



		Other

		7  (0.2)                            

		10 (0.2)





a Subjects with any injection site reactogenicity data, Days 0-7


b Subjects with any systemic reactogenicity data, Days 0-7


c Subjects with any body temperature data, Days 0-7


Source: Tables 16 and 17 of PSC12 CSR

Reviewer’s comments:


The medical officer issued an IR to the applicant because inconsistencies were observed between the study disposition table and the AE/death data, regarding the distribution of subjects who discontinued the study due to AEs and/or deaths. In the response (submitted to STN 125285/194/3), the applicant listed 10 (0.2%) and 11 (0.2%) subjects in the Flublok Quadrivalent group and IIV4 group, respectively, who discontinued the study due to AEs, including deaths. In addition, one IIV4 recipient completed the study but died in a motor vehicle accident beyond the 6 months follow-up period.  

6.1.11 Efficacy Analyses


6.1.11.1 Analyses of Primary Endpoint(s)


		Describe the results of analyses of the primary endpoint.  Clearly differentiate pre-specified primary analyses from supportive or, when necessary, exploratory and/or post hoc analyses.  In general, exploratory and post hoc analyses should not be described unless they are relevant to overall conclusions or are included in proposed labeling.  Where relevant, provide the results of analyses  in different analysis populations, such as per protocol and ITT, and highlight notable differences.  If there are no important differences in results between analysis populations, it generally suffices simply to state this, without detailed summary of the comparable results.  Also consider whether protocol deviations may have affected the interpretation of the primary endpoint analyses.







Table 4 summarizes the results for the primary objective on the rVE regarding the rtPCR-confirmed protocol-defined ILI with onset ≥14 days after vaccination due to any strain of influenza. The lower bound of the two-sided 95% confidence interval met the pre-specified non-inferiority criterion of > -20%.

Table 4: PSC12 – Relative vaccine efficacy for rtPCR-confirmed protocol-defined ILI (Efficacy Population)

		Flublok Quadrivalent (N=4303)

		IIV4 (N=4301)

		



		n

		Attack Rate (%)

		n

		Attack Rate (%)

		rVE (95% CI)



		96

		2.2

		138

		3.2

		30% (10%, 47%)





Source: Table 1R of IR response STN 125285/194/9 


6.1.11.2 Analyses of Secondary Endpoints 


		Identify and discuss only those secondary endpoints that were critical to reaching a statistical conclusion.  As always, focus on the content of the PI to help guide your review.  For example, if the applicant proposed an indication supported only by a secondary endpoint, the analyses of those data would merit careful scrutiny and comment in the review.


Similar to the analysis of primary endpoints, important differences may be apparent between the results in different analysis populations and may merit discussion.


For vaccines, immunogenicity is often an important secondary endpoint.  In addition to conducting the customary immunogenicity analyses, describe the correlation of efficacy with post-vaccination immune response, if those data are available.





Secondary efficacy endpoints


Table 5 shows the analysis results on one of the secondary endpoints, rtPCR-confirmed CDC-defined ILI that begins at least 14 days post-vaccination caused by any influenza strain. Analyses on the other two secondary efficacy endpoints of culture-confirmed ILIs could not be performed because the antigenic similarity of cultured viruses to the vaccine strains could not be assessed in this trial, as noted in Section 6.1.9.

Table 5: PSC12 – Relative vaccine efficacy against rtPCR-confirmed CDC-defined ILI (Efficacy Population)

		Flublok Quadrivalent (N=4303)

		IIV4 (N=4301)

		



		n

		Attack Rate (%)

		n

		Attack Rate (%)

		rVE (95% CI)



		54

		1.3

		83

		1.9

		35% (8%, 54%)





Source: Table 3R of IR response STN 125285/194/9 


		This section should include a presentation of major safety and a description of results from any important formal statistical analyses of safety data conducted by the sponsor or the statistical reviewer.  In general, a detailed discussion of safety data will be deferred to the clinical reviewer; the statistical review should focus on only the most important findings or on important analyses with substantial statistical content or relevance.  In general, this section should include at a minimum a discussion of deaths, serious adverse events and targeted adverse events. 


In many cases, the recommendations for conducting the review and the information to be discussed overlap with and/or are complementary to elements in Section 8, Integrated Overview of Safety.  Before initiating your review, read Sections 6 and 8 in order to ensure that you: 1) are familiar with all the advice for conducting the review even if you plan to complete only one of the two sections, and 2) do not repeat information but instead cross-reference appropriately between the two sections.  








Secondary immunogenicity endpoints


The HAI titers were compared between the two treatment groups according to the non-inferiority criteria described in Section 6.1.9. As shown in Table 6, the HAI titer against A/H1N1/California did not meet the criterion for SCR difference, and the titer against B/Brisbane did not meet the criteria for either GMT ratio or SCR difference. The post-vaccination HAI GMTs for the influenza B strains were notably lower than those for the A strains. 

Table 6: PSC12 – Comparison of HAI GMT responses and seroconversion rates (Immunogenicity Population)

		

		Post-vaccination GMT

		Seroconversion rate



		Antigen

		Flublok Quadrivalent


N=314

		IIV4


N=300

		GMT ratio  

(95% CI)

		Flublok Quadrivalent


N=314

		IIV4



N=300

		SCR Difference  

(95% CI)



		A/H1N1/California

		190

		220

		1.15 (0.95, 1.41)

		44.9

		49.0

		4.1 (-3.8, 12.0)



		A/H3N2/Texas

		522

		358

		0.69 (0.58, 0.81)

		54.5

		43.3

		-11.1 (-19.0, -3.3)



		B/Massachusetts

		55

		57

		1.03 (0.86, 1.24)

		38.9

		38.3

		-0.5 (-8.2, 7.2)



		B/Brisbane                        

		29

		43

		1.47 (1.23, 1.76)

		21.0

		34.3

		13.3 (6.3, 20.3)





Figures in bold met the non-inferiority criteria.


Source: Table 7R and Table 8R of IR response STN 125285/194/9

Reviewer’s comments:

For the design of this study with regard to the HAI serology subset, it appears that the study sites were not randomly selected to participate in the subset. In addition, the randomization was not stratified by site. Therefore, the immunogenicity results need to be interpreted with caution when attempting to draw firm conclusions regarding the entire study population. 

6.1.11.3 Subpopulation Analyses


		If applicable, briefly discuss the results of analyses in special populations, e.g., pediatric, premature infants, elderly, and persons at exceptional risk for the health-related condition of interest.  In most cases, reviewers should document analyses of efficacy stratified by gender and by racial/ethnic group, and they should briefly discuss any substantial differences noted.





The rtPCR-confirmed protocol-defined ILIs beginning at least 14 days post-vaccination were predominately reported among non-Hispanic subjects with respect to the ethnic subgroups, and among white or Caucasian subjects with respect to the race subgroups; therefore, those subpopulations showed similar rVE results as in the overall population. Female and male subjects had similar rVE estimates. The rVE among adults 50-64 years of age was estimated as 42% (95% CI: 15%, 61%), as compared to 17% (95% CI: -20%, 43%) among adults ≥65 years of age. The number of cases was too small to support meaningful comparisons of rVE between subgroups.


6.1.11.4 Dropouts and/or Discontinuations


		Briefly discuss the relevance and acceptability of how the applicant handled subject dropouts and missing data. Discuss the plausibility of missing data assumptions.   Consider the credibility of results that partition the data by protocol completers, compliers or other stratifications.  Sensitivity analyses may be helpful.  





The proportions of subjects who withdrew from the study were small and similar between treatment groups; therefore, missing data were not expected to have significant impact on the comparison of efficacy endpoints between treatment groups.   

6.1.11.5 Exploratory and Post Hoc Analyses


		The reviewer may choose to focus little, if any, attention on these types of analyses.  Exceptions include those exploratory or post hoc analyses that were critical to characterizing the overall clinical performance of the product and analyses the applicant proposes to include in the PI.


If relevant, with regard to the former exception (characterizing overall clinical performance), reviewers are encouraged to be vigilant for inconsistencies in the data that may indicate undue influence by outliers on the efficacy results.  For example, if the clinical outcome of interest occurred in a much higher percentage of subjects in one region compared with others, an analysis by region would be warranted.  Other factors to consider include disease severity, components of a composite endpoint, outcomes related to the primary endpoint, etc. 





Table 7 shows the results from post-hoc analyses assessing the rVE of Flublok Quadrivalent to IIV4 based on rtPCR-confirmed protocol-defined ILI caused by influenza A and B strains separately, as well as based on culture-confirmed protocol-defined ILI caused by any strain. The number of cases caused by influenza B was too small to provide meaningful information regarding the relative efficacy of Flublok Quadrivalent against IIV4.

Table 7: PSC12 – Post-hoc analyses on relative vaccine efficacy


		

		Flublok Quadrivalent (N=4303)

		IIV4 (N=4301)

		



		

		n

		Attack Rate (%)

		n

		Attack Rate (%)

		rVE (95% CI)



		rtPCR-confirmed protocol-defined ILI caused by Influenza A

		73

		1.7

		114

		2.7

		36% (14%, 53%)



		rtPCR-confirmed protocol-defined ILI caused by Influenza B

		23

		0.5

		24

		0.6

		4% (-72%, 46%)



		All culture-confirmed Protocol-defined ILI

		58

		1.3

		101

		2.3

		43% (21%, 59%)





Source: Tables 2R and 5R of IR response STN 125285/194/9 


6.1.12 Safety Analyses


		This section should include a presentation of major safety and a description of results from any important formal statistical analyses of safety data conducted by the sponsor or the statistical reviewer.  In general, a detailed discussion of safety data will be deferred to the clinical reviewer; the statistical review should focus on only the most important findings or on important analyses with substantial statistical content or relevance.  In general, this section should include at a minimum a discussion of deaths, serious adverse events and targeted adverse events. 


In many cases, the recommendations for conducting the review and the information to be discussed overlap with and/or are complementary to elements in Section 8, Integrated Overview of Safety.  Before initiating your review, read Sections 6 and 8 in order to ensure that you: 1) are familiar with all the advice for conducting the review even if you plan to complete only one of the two sections, and 2) do not repeat information but instead cross-reference appropriately between the two sections.  








6.1.12.1 Methods


		This section is ordinarily deferred to the clinical reviewer.  If there are significant statistical issues with safety assessments (e.g. inappropriate data collection or data management issues), these should be summarized here.  Note that statistical issues with safety assessment for pooled studies should be summarized in the relevant part of Section 8 instead.





Safety endpoints were primarily summarized by frequency counts and percentages for each treatment group. Overall, no notable difference was observed regarding the proportions of subjects reporting solicited adverse reactions, unsolicited AEs, or MAEs between treatment groups. 


· The proportions of subjects reporting solicited local injection site reactions or systemic adverse reactions in the Flublok Quadrivalent group were generally comparable to those in the IIV4 group (Table 8). The proportions of subjects reporting Grade 3 or Grade 4 solicited adverse reactions were small in both treatment groups (≤1%). 

· The proportion of Flublok Quadrivalent recipients reporting any unsolicited AEs within 28 days following vaccination was similar to that of IIV4 recipients (13.9% versus 14.1%). Severe unsolicited AEs were reported in 1.0% of subjects in each treatment group.


· MAEs were reported in 17.9% and 18.1% of subjects in Flublok Quadrivalent and IIV4 groups during the six months of follow-up after vaccination, respectively.  

Table 8: PSC12 – Solicited events of local injection site reactions and systemic adverse reactions

		

		Flublok Quadrivalent


n (%)

		IIV4


n (%)



		Local Reactogenicity Eventa

		Any

		Grade 3

		Grade 4

		Any

		Grade 3

		Grade 4



		   Local Pain

		813 (18.9)

		5 (0.1)

		0

		950 (22.0)

		8 (0.2)

		1 (0.0)



		   Local Tenderness

		1479 (34.3)

		6 (0.1)

		1 (0.0)

		1604 (37.1)

		10 (0.2)

		2 (0.0)



		   Redness

		122 (2.8)

		2 (0.0)

		0 

		87 (2.0)

		1 (0.0)

		0 



		   Firmness / Swelling

		142 (3.3)

		1 (0.0)

		0 

		115 (2.7)

		2 (0.0)

		0



		Systemic Reactogenicity Eventb

		Any

		Grade 3

		Grade 4

		Any

		Grade 3

		Grade 4



		   Fatigue

		526 (12.2)

		19 (0.4)

		0 

		521 (12.1)

		15 (0.3)

		6 (0.1)



		   Shivering / Chills

		204 (4.7)

		10 (0.2)

		0 

		187 (4.3)

		15 (0.3)

		2 (0.0)



		   Joint Pain

		324 (7.5)

		9 (0.2)

		0

		346 (8.0)

		18 (0.4)

		2 (0.0)



		   Muscle Pain

		366 (8.5)

		12 (0.3)

		2 (0.0)

		378 (8.8)

		13 (0.3)

		1 (0.0)



		   Headache

		549 (12.7)

		11 (0.3)

		1 (0.0)

		582 (13.5)

		21 (0.5)

		2 (0.0)



		   Nausea

		212 (4.9)

		7 (0.2)

		0

		213 (4.9)

		9 (0.2)

		1 (0.0)



		   Feverc

		19 (0.4)

		7 (0.2)

		0

		21 (0.5)

		6 (0.1)

		0





a Denominators for local injection reactions were Reactogenicity Population 1: Flublok Quadrivalent N=4307, IIV4 N=4319.


b Denominators for systemic reactions were Reactogenicity Population 2: Flublok Quadrivalent N=4306, IIV4 N=4318.


c Denominators for fever were Reactogenicity Population 3: Flublok Quadrivalent N=4262, IIV4 N=4282.


Source: Tables 30-32 of PSC12 CSR

Reviewer’s comments:


The medical officer determined that the analyses on unsolicited AEs presented in CSRs for PSC12 and PSC16 included events occurring up to Day 180. An IR was sent to the applicant requesting reanalyses focusing on events occurring up to Day 28. This review presents the results from the applicant’s reanalyses for both studies, which were submitted to STN 125285/194/2. 


6.1.12.3 Deaths 


		All deaths that occurred should be summarized, without regard to investigator or applicant assessment regarding causality.  It is critical to consider deaths on control treatment for comparison.  Any formal analyses of mortality should be described.


If death was a clinical efficacy endpoint, simply state that fact and refer to the discussion in the relevant efficacy section.





There were 20 deaths throughout the duration of the study: 8 (0.2%) among Flublok Quadrivalent recipients and 12 (0.3%) among IIV4 recipients. The investigators did not think any of the deaths were related to study vaccines.


6.1.12.4 Nonfatal Serious Adverse Events 


		This section should include a discussion of any important findings regarding nonfatal serious adverse events and any relevant statistical analyses.  





No notable difference was observed between the Flublok Quadrivalent group and IIV4 group with respect to the proportion of subjects reporting any SAE during the six months of follow-up after vaccination (3.4% versus 3.0%).


6.1.12.5 Adverse Events of Special Interest (AESI) 


		This section of the review will ordinarily be deferred to the clinical reviewer.  In the uncommon situation in which a formal statistical analysis of adverse events of special interest is undertaken and is relevant to approval or labeling decisions, such an analysis may be described here.








NA

6.1.12.6 Clinical Test Results 


		This section of the review will ordinarily be deferred to the clinical reviewer.  In the uncommon situation in which a formal statistical analysis of pertinent clinical tests (with a focus on laboratory-related AEs, vital sign-related AEs, and ECG-related AEs) is undertaken and is relevant to approval or labeling decisions, such an analysis may be described here.  





NA

6.1.12.7 Dropouts and/or Discontinuations


		This section will ordinarily be deferred to the clinical reviewer.   The intent of this section is to highlight possible patterns of study discontinuation due to the inability of some subjects to tolerate the product. 





Please refer to Section 6.1.10.1.3.

6.2 PSC16 


Title: Double-Blind, Randomized, Active-Controlled Comparison of the Immunogenicity and Safety of Flublok® Quadrivalent versus IIV4 in Healthy, Medically Stable Adults 18-49 Years of Age


6.2.1 Objectives

		A single sentence, paragraph or bulleted or numbered list describing the purpose/objective(s) and rationale of the study should be included.





Primary Objectives:


· To demonstrate non-inferior immunogenicity of the four antigens in the Flublok Quadrivalent formulation to the corresponding antigens in the licensed IIV4. 

Secondary Objectives:


· To evaluate the HAI SCRs and seroprotection rates (SPR; the proportion of subjects with post-vaccination HAI titers ≥1:40) against the four rHA antigens contained in the quadrivalent formulation, with respect to CBER criteria for licensure under accelerated approval regulations;

· To evaluate the safety and reactogenicity of Flublok Quadrivalent in adults 18-49 years of age.

6.2.2 Design Overview 


		A single phrase, sentence or paragraph describing the general design, including such terms as randomized, single-blind, double-blind, placebo-controlled, parallel or cross-over is usually sufficient.  State the planned study sample size and duration.  More granular design elements can be described here (such as the allowed time interval between randomization and 1st dose/intervention) but only if they will subsequently receive more attention because they are thought to have an important impact on the results and conclusions.


The reviewer is encouraged to include a “Reviewer Comment” here regarding the strength of the study design to generate definitive data to support the sought-after indication; also, address issues with study design and/or analysis that could limit interpretation of the data.  Consider, for example, concerns about blinding, unplanned subset analyses, use of secondary endpoints, inadequately justified choice of non-inferiority margin, imbalance of baseline characteristics, handling of dropouts, etc.  Many, if not all, of these issues should have been resolved in discussions with the sponsor at the end of phase 2.  This represents the reviewer’s opportunity to comment on the impact of those decisions.  Reference to the guidance for industry Providing Clinical Evidence of Effectiveness for Human Drug and Biological Products, could be useful for framing this discussion.  





The study was an observer-blind, randomized, active-controlled phase 3 trial in adults 18-49 years of age. Subjects were randomized approximately in a ratio of 3:1 to receive a single dose of Flublok Quadrivalent or US-licensed IIV4 (Fluarix Quadrivalent). All subjects who received the study vaccine had blood draws obtained for serum HAI titer at Day 0 and Day 28. For safety data collection, subjects were given Memory Aid A to record reactogenicity events during the 7 days following vaccination and Memory Aid B to record any unsolicited AEs. SAEs and MAEs were collected by remote follow-up for 6 months following vaccination.


6.2.3 Population 


		Summarize the important eligibility criteria.





The study enrolled ambulatory, medically stable, non-pregnant adults 18-49 years of age.

6.2.4 Study Treatments or Agents Mandated by the Protocol


		Provide the dose, schedule and route of administration of the investigational product and control product (e.g., placebo), as well as concomitantly administered approved products when relevant (e.g., sealants/hemostatic agents, licensed vaccines).


Lot numbers may be provided for the investigational product(s) when applicable.





Please refer to Section 6.1.4. 

6.2.6 Sites and Centers


		Briefly summarize the number and location of study sites. 





The study was conducted at 10 sites in the US.

6.2.7 Surveillance/Monitoring


		This section will generally be deferred to the clinical reviewer.  If there are issues relevant to the statistical review (e.g. measurement timepoints for important endpoints), summarize the surveillance/monitoring plans for both safety and efficacy in this section. 


Frequently, the applicant submits in the clinical study report a figure or table that provides all necessary detail of surveillance and monitoring in as concise a manner as possible.  Do not try to improve on what amounts to reference material for readers who may want to check details regarding conduct of the study.  Cutting and pasting this table (and documenting the source) may be sufficient in some cases.





NA

6.2.8 Endpoints and Criteria for Study Success 


		Describe in detail the prospective primary and secondary endpoint(s) of the study. 


Evaluate the consistency between endpoints and objectives.


A discussion of any FDA/applicant interactions regarding the development and validation of clinical trial endpoints should be described in Section 2.5.  To remind the reader of the importance of this topic, refer back to the discussion in Section 2.5.


When there are issues with efficacy endpoint adjudication that affect overall conclusions of the study, discuss how efficacy endpoints were adjudicated by the applicant here.  The complexity of this discussion can vary widely.  If applicable, any re-adjudication of endpoints conducted by the FDA or its consultants should also be described.


When known, indicate whether instruments and/or endpoints were appropriate for the study, including consideration of any validation of the endpoints for the indicated disease (or health-related condition) and for the population being studied.  In some cases, this evaluation will be deferred to the clinical reviewer.


If applicable, describe the use of composite primary endpoints.  How many component endpoints make up the composite?  Comment on the distribution of cases.  Was there a roughly even distribution among the components?  Did one or two components make up the vast majority of the composite endpoint cases?  The clinical reviewer will be responsible for assessing how much weight each component should be given in assessing overall clinical impact.  The statistical review, however, should include a discussion of statistical issues related to the interpretation of each component (e.g. whether some components are inherently more variable or subject to bias than others). 


State whether definitions for endpoints in the protocol were modified during or after the completion of the study.  As always, avoid repetition whenever possible by referring to the relevant section if the topic has been addressed adequately elsewhere in the review.





Primary endpoints:

· The co-primary endpoints included HAI GMT and SCR at Day 28 to each of the four antigens contained in the study vaccine, which were compared between the two vaccine groups according to CBER criteria for non-inferiority described in Section 6.1.9.

Secondary endpoints:


· SCRs and the SPRs to each of the four antigens in Flublok Quadrivalent, assessed according to CBER criteria for adults <65 years of age:

· The lower bound of the two-sided 95% CI for the percent of subjects achieving seroconversion for HAI antibody should meet or exceed 40%;

· The lower bound of the two-sided 95% CI for the percent of subjects achieving an HAI antibody titer ≥1:40 should meet or exceed 70%.


· Incidence and severity of solicited local and solicited systemic events of reactogenicity and body temperature reported via Memory Aid A during Days 0-7 following vaccine administration.

· SAEs and other unsolicited AEs and MAEs occurring during the 28 days following vaccine administration.

· SAEs and MAEs occurring up to 6 months post-vaccination.

6.2.9 Statistical Considerations & Statistical Analysis Plan


		The reviewer should describe the statistical analysis plan used by the applicant and whether it was pre-specified in the protocol. If applicable, include methodologies used in supplemental analyses performed by the reviewer (with explanation).  The reviewer may document technical discussion, mathematical derivation, or presentation of formulae in an appendix rather than in the main body of the review.


The following are some elements of the study design and statistical analysis plan that the statistical reviewer should cover when applicable.  This list is not necessarily comprehensive; the reviewer’s judgment should be used to determine any additional features to document:


· Treatment assignment


· Type of assignment (fixed randomization, dynamic randomization, deterministic)


· Randomization ratio


· Stratification variables 


· Statistical hypotheses tested (including whether hypotheses tested are for superiority, non-inferiority, etc)


· One-sided vs. two-sided tests


· Significance levels specified


· Statistical methods 


· Assumptions for the methods 


· Alternative methods if assumptions fail


· Consistency with study objectives, hypotheses, endpoints


· Inclusion of stratification variables 


· Inclusion of other covariates 


· Sample size  


· Assumptions used (e.g. distribution, effect size, percent power, dropout rate, etc)


· Consideration of multiple endpoints


· Consideration of safety endpoints in sample size calculation


· Consistency with primary analysis method of primary endpoint


· Interim analyses planned 


· Stopping rules and purpose (efficacy, safety, futility, etc.)


· Preservation of study type I error rate


· Interim analysis plan


· Access to unblinded results


· Complex study designs (e.g. adaptive design, Bayesian, etc.)   


· Justification of design


· Procedure for controlling study-wise type I error


· If Bayesian, are priors justified?


· If adaptive, are all possible interim outcomes accounted for?


· Definitions of analysis populations (e.g. ITT, PP)


· Multiplicity 


· Due to multiple primary endpoints 


· Due to multiple time points


· Due to multiple secondary endpoints 


· Subgroup analyses planned 


· Inclusion of gender, age, race/ethnicity, site 


· Missing data


· Handling of missing data


· Justification for procedure


· Sensitivity analysis


· Analysis plan for safety


· Study success criteria prespecified 


· Safety stopping rules


· Study/data monitoring planned by independent personnel 


· Major/minor protocol deviations defined 


· Blinding techniques (ideally, describe exactly who was and wasn’t blinded to treatment arm assignment and when, rather than using potentially ambiguous terms such as “single” or “double” blind) 








Immunogenicity analyses


Non-inferior immunogenicity of Flublok Quadrivalent compared to IIV4 was to be concluded if all eight comparisons met the criteria; no adjustment for multiple comparisons was implemented. The GMT ratios were calculated as the antilog of the difference between two mean log-transformed titers. The CI for the SCR difference was based on Farrington and Manning’s score method. The 95% CI for SCRs and SPRs in each treatment group were computed using the Clopper-Pearson exact method.

6.2.10 Study Population and Disposition


		In general, use of tables and graphs are encouraged in the following subsections.  Tables and graphs displaying trial results should indicate the source and whether the material was adapted or replicated (i.e., “cut and paste”).  The following example footnotes are provided as suggested templates:


· Identical replication:


“Source: Original sBLA 125126/773; Clinical Study Report V503-019, p.138”


· Adaptation:


“Source: Adapted from - sBLA 125126/773; Clinical Study Report V503-019, p.236”





6.2.10.1
Populations Enrolled/Analyzed


		In this section, the reviewer should specify sample size for specific analyses (e.g., per protocol, intention to treat (ITT)). Detailed definitions of each analysis population should have been provided in subsection 6.x.9.








The immunogenicity population included all randomized subjects who received a dose of study vaccine, provided serum samples for HAI titers on Days 0 and 28 (within the specified windows), and had no major protocol deviations that might be expected to adversely impact the immune response. 


Please refer to Section 6.1.10.1 for definitions of safety population, reactogenicity population, and reactogenicity subpopulations. For all the study populations defined, subjects were analyzed according to the vaccine received regardless of the vaccine group to which they were randomized. 


6.2.10.1.1 Demographics


		Provide, usually in tabular form, demographic information for the treatment groups (e.g., age, gender, race/ethnicity, distribution by investigator or site, etc.)





Table 9 summarizes the demographic characteristics by treatment group for the safety population. No notable difference between treatment groups was observed. The immunogenicity population had a similar demographic profile. 


Table 9: PSC16 – Demographics (Safety Population)


		Characteristic

		Flublok Quadrivalent

N=998

		IIV4 

N=332



		Age (years)



		    Mean

		33.3                

		34.0



		    Range

		18, 50                          

		18, 49



		Sex, n (%)

		

		



		    Female                                                         

		639 (64.0)                    

		222 (66.9)



		    Male

		359 (36.0)                    

		110 (33.1)



		Race, n (%)



		    White or Caucasian                                     

		589 (59.0)   

		202 (60.8)



		    Black or African American                         

		376 (37.7)                    

		114 (34.3)



		    Native Hawaiian/Pacific Islander                 

		11 (1.1)              

		2 (0.6)



		    American Indian or Alaska Native

		7 (0.7)                         

		3 (0.9)



		    Asian

		3 (0.3)

		4 (1.2)



		    Other 

		12 (1.2)       

		7 (2.1)



		Ethnicity, n (%)



		    Non-Hispanic                                               

		836 (83.8)                    

		275 (82.8)  



		    Hispanic

		162 (16.2)                     

		57 (17.2)





 Source: Table 14 of PSC16 CSR

6.2.10.1.2 Medical/Behavioral Characterization of the Enrolled Population


		If needed, further characterize the enrolled population with regard to variables that could have an important impact on the assessment of safety and efficacy.  You may wish to consult the clinical reviewer on which important characteristics should be considered.  


Make note of any imbalances in randomization results that could affect efficacy and/or safety results, or include a statement that no such imbalances were identified.  Note that lack of statistically significant baseline differences does not imply that there are no important imbalances.





NA

6.2.10.1.3 Subject Disposition


		Frequently, this is best documented with a flow diagram that illustrates graphically how many subjects were recruited, failed eligibility criteria, violated protocol, died, dropped out, crossed over to a different study arm according to protocol, were lost to follow-up, were available for analysis in defined study populations, etc.  In many cases, the clinical study report will include such a diagram, which can be copied and pasted with appropriate attribution.





Of the 1350 subjects who were enrolled and randomized, all received a dose of study vaccine. Table 10 summarizes the study subject disposition based on the actual treatment received per subject. Similar withdrawal rates were observed between the two treatment groups. The most common reason for major protocol deviation that excluded a subject from the immunogenicity population was missing study visit.  

Table 10: PSC16 - Subjects disposition


		

		Flublok Qudrivalent


N=1011

		IIV4


N=339



		

		n (%)

		n (%)



		Immunogenicity Population

		969 (95.8)

		323 (95.3)



		Safety Population

		998 (98.7)

		332 (97.9)



		Reactogenicity Population

		996 (98.5)

		332 (97.9)



		Reactogenicity Population 1a

		996 (98.5)

		332 (97.9)



		Reactogenicity Population 2b

		994 (98.3)

		332 (97.9)



		Reactogenicity Population 3c

		990 (97.9)

		327 (96.5)



		Completed study

		962 (95.2)

		325 (95.9)



		Primary Reason for Early Withdrawal

		

		



		Adverse Event

		0

		0



		Investigator Decision

		0

		0



		Lost to Follow-up

		38 (3.8)

		11 (3.2)



		Sponsor Request

		0

		0



		Voluntary withdrawal unrelated to AE

		9  (0.9)

		2  (0.6)



		Other

		2  (0.2)

		1  (0.3)





a Reactogenicity Population 1 included subjects who recorded any injection site reaction data in Memory Aid A.


b Reactogenicity Population 2 included subjects who recorded any systemic reaction data in Memory Aid A.


c Reactogenicity Population 3 included subjects who recorded any body temperature measurement in Memory Aid A.


Source: Table 12 of PSC16 CSR

6.2.11 Efficacy Analyses


6.2.11.1 Analyses of Primary Endpoint(s)


		Describe the results of analyses of the primary endpoint.  Clearly differentiate pre-specified primary analyses from supportive or, when necessary, exploratory and/or post hoc analyses.  In general, exploratory and post hoc analyses should not be described unless they are relevant to overall conclusions or are included in proposed labeling.  Where relevant, provide the results of analyses  in different analysis populations, such as per protocol and ITT, and highlight notable differences.  If there are no important differences in results between analysis populations, it generally suffices simply to state this, without detailed summary of the comparable results.  Also consider whether protocol deviations may have affected the interpretation of the primary endpoint analyses.








The evaluation of the primary objective of non-inferior immunogenicity is summarized in Table 11. Among the eight co-primary endpoints, HAI titer against the B/Brisbane strain did not meet the criteria for either GMT ratio or SCR difference. The post-vaccination HAI GMT and SCR for B/Brisbane were notably lower in the Flublok Quadrivalent group compared to the IIV4 group. 

Table 11: PSC16 – Comparison of HAI GMT responses and seroconversion rates (Immunogenicity Population)


		

		Post-vaccination GMT

		Seroconversion rate



		Antigen

		Flublok


Quadrivalent


N=969

		IIV4


N=323

		GMT ratio  


(95% CI)

		Flublok


Quadrivalent


N=969

		IIV4


N=323

		SCR Difference  


(95% CI)



		A/H1N1/California

		493

		397

		0.81 (0.71, 0.92)

		66.7

		63.5

		-3.2 (-9.2, 2.8)



		A/H3N2/Texas

		748

		377

		0.50 (0.44, 0.57)

		72.1

		57.0

		-15.2 (-21.3, -9.1)



		B/Massachusetts

		156

		134

		0.86 (0.74, 0.99)

		59.6

		60.4

		0.7 (-5.4, 6.9)



		B/Brisbane                        

		43

		64

		1.49 (1.29, 1.71)

		40.6

		58.2

		17.6 (11.4, 23.9)





Figures in bold met the non-inferiority criteria.


Source: Tables 9R and 10R of IR response STN 125285/194/9


Reviewer’s comments:


The 95% CIs of SCR difference reported by the applicant appear to be computed by using the Wald method. The SAP-specified Farrington-Manning method would give very similar results with lower or equal upper limits. Results in Table 11 are thus considered acceptable considering their conservativeness.

6.2.11.2 Analyses of Secondary Endpoints 


		Identify and discuss only those secondary endpoints that were critical to reaching a statistical conclusion.  As always, focus on the content of the PI to help guide your review.  For example, if the applicant proposed an indication supported only by a secondary endpoint, the analyses of those data would merit careful scrutiny and comment in the review.


Similar to the analysis of primary endpoints, important differences may be apparent between the results in different analysis populations and may merit discussion.


For vaccines, immunogenicity is often an important secondary endpoint.  In addition to conducting the customary immunogenicity analyses, describe the correlation of efficacy with post-vaccination immune response, if those data are available.





As shown in Table 12, the lower 95% CI limit of the SPR and SCR against B/Brisbane for the Flublok Quadrivalent group did not exceed the CBER criteria (70% for SPR and 40% for SCR). 


Table 12: PSC16 – Day 28 HAI seroprotection rates and seroconversion rates (Immunogenicity population)

		Antigen

		Seroprotection rate (95% CI)

		Seroconversion rate (95% CI)



		

		Flublok


Quadrivalent


N=969

		IIV4


N=323

		Flublok


Quadrivalent


N=969

		IIV4


N=323



		A/H1N1/California

		98.2 (97.2, 99.0)

		99.1 (97.3, 99.8)

		66.7 (63.6, 69.6)

		63.5 (58.0, 68.7)



		A/H3N2/Texas

		99.7 (99.1, 99.9)

		99.1 (97.3, 99.8)

		72.1 (69.2, 74.9)

		57.0 (51.4, 62.4)



		B/Massachusetts

		91.0 (89.0, 92.7)

		92.0 (88.4, 94.7)

		59.6 (56.5, 62.8)

		60.4 (54.8, 65.7)



		B/Brisbane                        

		64.3 (61.2, 67.3)

		79.6 (74.8, 83.8)

		40.6 (37.4, 43.7)

		58.2 (52.6, 63.6)





Figures in bold met CBER criteria for SPR and SCR in adults <65 years old.


Source: Table 18 of PSC16 CSR and Table 14.2.1.2 of IR response STN 125285/194/9

6.2.11.3 Subpopulation Analyses


		If applicable, briefly discuss the results of analyses in special populations, e.g., pediatric, premature infants, elderly, and persons at exceptional risk for the health-related condition of interest.  In most cases, reviewers should document analyses of efficacy stratified by gender and by racial/ethnic group, and they should briefly discuss any substantial differences noted.





Table 13 summarizes the post-vaccination HAI GMTs and SCRs among Flublok Quadrivalent recipients for subpopulations with at least moderate numbers of subjects. Black or African American subjects tended to show higher post-vaccination HAI titers against A strains than white or Caucasian subjects; otherwise, no apparent differences were observed between subpopulations defined by sex, race, or ethnicity. 

Table 13: PSC16 – Post-vaccination HAI GMTs and SCRs for Flublok Quadrivalent recipients by sex, race, and ethnicity (Immunogenicity Population)


		Strain

		Female


N=623

		Male


N=346

		Black or African American 

N=362

		White or Caucasian

N=575

		Hispanic


N=160

		Not Hispanic


N=809



		Post-vaccination GMT (95% CI)



		A/H1N1/California

		494 (453, 537)

		491 (438, 549)

		513 (456, 577)

		477 (438, 519)

		541 (454, 645)

		483 (449, 520)



		A/H3N2/Texas

		738 (679, 803)

		767 (688, 855)

		790 (714, 875)

		721 (660, 789)

		725 (603, 871)

		753 (702, 809)



		B/Massachusetts

		148 (135, 162)

		172 (152, 195)

		176 (156, 198)

		148 (134, 163)

		137 (113, 165)

		160 (148, 174)



		B/Brisbane                        

		44 (40, 48)

		40 (36, 45)

		40 (35, 45)

		46 (42, 50)

		43 (36, 51)

		43 (40, 46)



		Seroconversion rate % (95% CI)



		A/H1N1/California

		66.9 (63.1,70.6)

		66.2 (60.9,71.2)

		71.0 (66.0,75.6)

		64.2(60.1,68.1)

		66.3(58.4,73.5)

		66.7 (63.4,70.0)



		A/H3N2/Texas

		70.1 (66.4,73.7)

		75.7 (70.9,80.1)

		77.1 (72.4,81.3)

		69.0(65.1,72.8)

		72.5(64.9,79.3)

		72.1 (68.8,75.1)



		B/Massachusetts

		59.2 (55.3,63.1)

		60.4 (55.0,65.6)

		62.7 (57.5,67.7)

		58.3(54.1,62.3)

		60.0(52.0,67.7)

		59.6 (56.1,63.0)



		B/Brisbane                        

		42.4 (38.5,46.4)

		37.3 (32.2,42.6)

		41.2 (36.0,46.4)

		40.7(36.7,44.8)

		43.8(35.9,51.8)

		39.9 (36.5,43.4)





Source: Tables 14.2.1.2 and 14.2.1.1.1 of IR response STN 125285/194/9

6.2.11.4 Dropouts and/or Discontinuations


		Briefly discuss the relevance and acceptability of how the applicant handled subject dropouts and missing data. Discuss the plausibility of missing data assumptions.   Consider the credibility of results that partition the data by protocol completers, compliers or other stratifications.  Sensitivity analyses may be helpful.  





Please refer to Section 6.2.10.1.3.

6.2.11.5 Exploratory and Post Hoc Analyses


		The reviewer may choose to focus little, if any, attention on these types of analyses.  Exceptions include those exploratory or post hoc analyses that were critical to characterizing the overall clinical performance of the product and analyses the applicant proposes to include in the PI.


If relevant, with regard to the former exception (characterizing overall clinical performance), reviewers are encouraged to be vigilant for inconsistencies in the data that may indicate undue influence by outliers on the efficacy results.  For example, if the clinical outcome of interest occurred in a much higher percentage of subjects in one region compared with others, an analysis by region would be warranted.  Other factors to consider include disease severity, components of a composite endpoint, outcomes related to the primary endpoint, etc. 





NA

6.2.12 Safety Analyses


		This section should include a presentation of major safety and a description of results from any important formal statistical analyses of safety data conducted by the sponsor or the statistical reviewer.  In general, a detailed discussion of safety data will be deferred to the clinical reviewer; the statistical review should focus on only the most important findings or on important analyses with substantial statistical content or relevance.  In general, this section should include at a minimum a discussion of deaths, serious adverse events and targeted adverse events. 


In many cases, the recommendations for conducting the review and the information to be discussed overlap with and/or are complementary to elements in Section 8, Integrated Overview of Safety.  Before initiating your review, read Sections 6 and 8 in order to ensure that you: 1) are familiar with all the advice for conducting the review even if you plan to complete only one of the two sections, and 2) do not repeat information but instead cross-reference appropriately between the two sections.  








6.2.12.1 Methods


		This section is ordinarily deferred to the clinical reviewer.  If there are significant statistical issues with safety assessments (e.g. inappropriate data collection or data management issues), these should be summarized here.  Note that statistical issues with safety assessment for pooled studies should be summarized in the relevant part of Section 8 instead.





The safety and reactogenicity profiles were described and compared descriptively between the Flublok Quadrivalent and IIV4 groups. In summary, the safety of Flublok Quadrivalent and IIV4 were comparable with respect to the overall solicited local and systemic reactogenicity events, unsolicited AEs during Days 0-28, and MAEs/SAEs through 6 months following vaccination.


· Generally, the proportion of subjects reporting each solicited local injection site reaction or systemic adverse reaction in the Flublok Quadrivalent group was similar to that in the IIV4 group, except that the Flublok Quadrivalent group tended to have higher incidence of redness (4.2% versus 0.9%); however, all of them were mild or moderate in severity (Table 14). The proportions of subjects reporting Grade 3 or Grade 4 solicited adverse reactions were low in the Flublok Quadrivalent group (<1.5%). 


· The proportion of Flublok Quadrivalent recipients reporting any unsolicited AEs within 28 days following vaccination was similar to that of IIV4 recipients (10.3% versus 10.5%). Severe unsolicited AEs were reported in 1.1% and 0.9% of subjects in the Flublok Quadrivalent and IIV4 groups, respectively. 

· MAEs were reported in 8.0% and 7.2% of subjects in the Flublok Quadrivalent and IIV4 groups during the six months of follow-up after vaccination, respectively.  

Table 14: PSC16 – Comparison of Incidence and Severity of Local and Systemic Events of Reactogenicity and Fever (Days 0-7)


		

		Flublok Quadrivalent


n (%)

		IIV4


n (%)



		Local Reactogenicity Eventa

		Any

		Grade 3

		Grade 4

		Any

		Grade 3

		Grade 4



		   Local Pain

		367 (36.8)

		9 (0.9)

		0

		121 (36.4)

		3 (0.9)

		0



		   Local Tenderness

		478 (48.0)

		9 (0.9)

		0d

		155 (46.7)

		4 (1.2)

		0



		   Redness

		42 (4.2)

		0

		0

		3 (0.9)

		0

		0



		   Firmness / Swelling

		49 (4.9)

		0

		0

		10 (3.0)

		0

		0



		Systemic Reactogenicity Eventb

		Any

		Grade 3

		Grade 4

		Any

		Grade 3

		Grade 4



		   Fatigue

		164 (16.5)

		5 (0.5)

		0

		55 (16.6)

		4 (1.2)

		0



		   Shivering / Chills

		69 (6.9)

		5 (0.5)

		0

		20 (6.0)

		4 (1.2)

		0



		   Joint Pain

		94 (9.5)

		9 (0.9)

		0

		34 (10.2)

		2 (0.6)

		0



		   Muscle Pain

		127 (12.8)

		9 (0.9)

		0

		39 (11.7)

		3 (0.9)

		0



		   Headache

		202 (20.3)

		13 (1.3)

		0

		70 (21.1)

		6 (1.8)

		1 (0.3)



		   Nausea

		89 (9.0)

		6 (0.6)

		1 (0.1)

		31 (9.3)

		4 (1.2)

		0



		   Feverc

		15 (1.5)

		4 (0.4)

		0

		2 (0.6)

		1 (0.3)

		0





a The denominator for local reactogenicity events was Flublok Quadrivalent = 996 and IIV4 = 332. 

b The denominator for systemic reactogenicity events was Flublok Quadrivalent = 994 and IIV4 = 332.


c The denominator for fever was Flublok Quadrivalent = 990 and IIV4 = 327.

d This data point was corrected to eliminate a data entry error according to the IR response. 

Source: Table 14.3.2.7.1 of PSC16 CSR and Table 1 of IR response STN 125285/194/2

6.2.12.3 Deaths 


		All deaths that occurred should be summarized, without regard to investigator or applicant assessment regarding causality.  It is critical to consider deaths on control treatment for comparison.  Any formal analyses of mortality should be described.


If death was a clinical efficacy endpoint, simply state that fact and refer to the discussion in the relevant efficacy section.





There were no deaths throughout the duration of the study.

6.2.12.4 Nonfatal Serious Adverse Events 


		This section should include a discussion of any important findings regarding nonfatal serious adverse events and any relevant statistical analyses.  





There were 15 SAEs reported overall from 10 (1.0%) Flublok Quadrivalent recipients and 2 (0.6%) IIV4 recipients during the six months of follow up. No SAEs were considered related to study vaccine in the investigators’ opinions.


6.2.12.5 Adverse Events of Special Interest (AESI) 


		This section of the review will ordinarily be deferred to the clinical reviewer.  In the uncommon situation in which a formal statistical analysis of adverse events of special interest is undertaken and is relevant to approval or labeling decisions, such an analysis may be described here.








NA

6.2.12.6 Clinical Test Results 


		This section of the review will ordinarily be deferred to the clinical reviewer.  In the uncommon situation in which a formal statistical analysis of pertinent clinical tests (with a focus on laboratory-related AEs, vital sign-related AEs, and ECG-related AEs) is undertaken and is relevant to approval or labeling decisions, such an analysis may be described here.  





NA

6.2.12.7 Dropouts and/or Discontinuations


		This section will ordinarily be deferred to the clinical reviewer.   The intent of this section is to highlight possible patterns of study discontinuation due to the inability of some subjects to tolerate the product. 





Please refer to Section 6.2.10.1.3.

		If there is a second (or third, fourth, etc.) important trial to be reviewed individually, you can add additional trials by clicking on the “Add New Trial” button on the toolbar above (Word 2003) or Add-Ins tab (Word 2010).  You will be prompted to provide the trial index number (x) for the new subsection (6.x).  The new subsection will be inserted above this box.  If you need to move it (trial inserted out of order), you can cut and paste into the right location as usual.





7. Integrated Overview of Efficacy  


		Consult Section 5.1 Review Strategy for advice on formulating and documenting the approach to integrated and/or individual review of data.  In general, these important decisions should be discussed with the team leader and/or branch chief and should be determined early in the review cycle.  


Applications with two (or several) pivotal trials are not uncommon, and the reviewer will generally review each one individually.  In those cases, pooling the pivotal data with those from a series of other trials (particularly from early clinical development) for the purpose of re-analyzing efficacy endpoints in this section is rarely appropriate and should be approached with great caution.  On the other hand, review of individual studies in Section 6 may be unnecessary in some cases, where the review team has agreed (usually in consultation with the applicant) that a set of data pooled from several studies should serve as the pivotal dataset for efficacy.  In those cases, the efficacy and safety from the pivotal trial (or pooled dataset) can be reviewed separately in sections 7 and 8, respectively.  Once again, this strategy should be determined (usually in consultation with colleagues and supervisors) well before the reviewer initiates the actual writing of the review, and it should be documented in Section 5.1 Review Strategy.    


If there is only one pivotal trial in the application or reviewing each of the several pivotal trials individually is determined to be sufficient, Section 7 can be deleted. Review the annotation under “General Instruction” and Section 5.1 Review strategy, for guidance on how to omit sections/subsections.  


In many cases, the recommendations for conducting the efficacy review and the information to be discussed overlap with and/or are complementary to elements in Section 6 Discussion of Individual Studies/Clinical Trials.  Before initiating your review, read the annotation in Sections 6 and 7 in order to ensure that you:  1) are familiar with all the advice for conducting the review even if you plan to complete only one of the two sections, and 2) do not repeat information but instead cross-reference appropriately between the two sections.  For example, if the review will not include a fully complete Section 7, the reviewer should consider the annotation in Section 7.1.4 when formulating the discussion of the primary endpoint for the pivotal efficacy trial in Section 6.1.7.


This section is organized to accommodate applications that include efficacy data to support multiple indications (in much the same way that Section 6 is organized to accommodate discussion of multiple studies).  When one indication is being sought, simply complete the suggested template for Section 7.  If a second indication is sought, repeat each subsection, beginning immediately after Section 7.1.11 Efficacy Conclusion with Section 7.2 Indication #2.  (Followed by Section 7.2.1 Methods of Integration; Section 7.2.2 Demographics; etc). 


You can add additional indications by clicking on the “Add New Indication” button on the toolbar above (Word 2003) or Add-Ins tab (Word 2010).  You will be prompted to provide the indication index number (x) for the new subsection (7.x).  The new subsection will be inserted below the last current indication subsection.  If you need to move it (indication inserted out of order), you can cut and paste into the right location as usual.





Not applicable since the populations enrolled in the two trials were mutually exclusive with respect to age range. 

8. Integrated Overview of Safety 

		This Section should include a presentation of major pooled safety results when appropriate and relevant to the review (see comments regarding pooling below) as well as a description of and results from any important formal statistical analyses of pooled safety data conducted by the sponsor or the statistical reviewer.  In general, a detailed discussion of pooled safety data will be deferred to the clinical reviewer; the statistical review should focus on only the most important findings or on important analyses with substantial statistical content or relevance.  


In many cases, the recommendations for conducting the review and the information to be discussed overlap with and/or are complementary to elements in Section 6, Discussion of Individual Studies/Clinical Trials.  Before initiating your review, read Sections 6 and 8 in order to ensure that you: 1) are familiar with all the advice for conducting the review even if you plan to complete only one of the two sections, and 2) do not repeat information but instead cross-reference appropriately between the two sections.  


Safety data can often be pooled despite differences in study populations, exposures and durations, particularly for the purpose of analyzing all the SAEs and deaths in the entire clinical development.  This can be an important element of the overall safety review. However, the reviewer should exercise caution when pooling data across trials. Scientifically valid methods should be employed when drawing inferences from pooled data.  Often (and ideally), decisions about which data to pool for these purposes will be made with the applicant prior to submission of the application.  If not, collaborate with the clinical reviewer and/or other colleagues/supervisors to decide which studies to include.


The statistical review of safety is intended to be a prioritized review of safety topics.  Throughout the review of safety, tables should be included to provide important reference information, or to make an essential point.  Copying and pasting multiple tables from the submission directly into the review without critical thought or interpretation is generally counterproductive and should be avoided.  





See Section 7.

9. Additional Statistical Issues


NA

10. Conclusions


10.1 Statistical Issues and Collective Evidence

		This section should include a concise summary of the major efficacy and safety findings from relevant individual studies as well as general conclusions regarding efficacy and safety based on collective evidence.  In general, abbreviated versions of Sections 6.x.11 or 7.x.11 and 8.6 may be used to summarize collective evidence. 


Statistical issues that impact the overall conclusions should also be described here.  This section should summarize and discuss important conclusions of the reviewer's analyses, the extent of evidence in support of claims, statistical issues that may affect conclusions on efficacy and safety, and any related comments.  Major statistical issues should be summarized study by study, as well as collectively.  In addition to the primary endpoint analysis, the reviewer may also address secondary or subgroup analyses if these are deemed important. It is appropriate to cross-reference other sections of the review to provide additional detail when needed.  Resolution of statistical issues and any impact on overall assessment of the application should be briefly discussed.  


Examples of important statistical issues that may affect the results are the following: 


· breaking the blind;


· unblinded or unplanned interim analyses; 


· high percentage of dropouts; 


· inappropriate imputation for missing values; 


· change of primary endpoint during conduct of the trial; 


· dropping/adding treatment arms; 


· sample size modification; 


· inconsistency of  results across subgroups;


· unprespecified analyses;


· Type I error inflation due to multiplicity








Efficacy (PSC12, adults ≥50 years of age):


· Flublok Quadrivalent met the pre-specified rVE non-inferiority criterion as compared to IIV4 with respect to rtPCR-confirmed protocol-defined ILI beginning at least 14 days post-vaccination.  The rVE was estimated as 30% (95% CI: 10%, 47%), with the lower 95% CI bound greater than the non-inferiority criterion of -20%.

Immunogenicity:


· In adults 18-49 years of age (study PSC16), the primary objective of demonstrating non-inferior immunogenicity of Flublok Quadrivalent to IIV4 was met for three of the four antigens (A/H1N1/California, A/H3N2/Texas, and B/Massachusetts) by GMT ratios and SCR differences. The post-vaccination HAI titers for B/Brisbane were notably lower in the Flublok Quadrivalent group than in the IIV4 group. 

· The HAI GMT ratio (IIV4/Flublok Quadrivalent) and 95% CI for each of the four strains (A/H1N1/California, A/H3N2/Texas, and B/Massachusetts, and B/Brisbane) were 0.81 (0.71, 0.92), 0.50 (0.44, 0.57), 0.86 (0.74, 0.99), and 1.49 (1.29, 1.71), respectively (non-inferiority criterion: upper bound ≤1.5).


· The HAI SCR difference (IIV4-Flublok Quadrivalent) and 95% CI for each of the four strains were -3.2 (-9.2, 2.8), -15.2 (-21.3, -9.1), 0.7 (-5.4, 6.9), and 17.6 (11.4, 23.9), respectively (non-inferiority criterion: upper bound ≤10%).


· In adults ≥50 years of age (study PSC12), immunogenicity non-inferiority was evaluated as a secondary objective. The criterion was met for three of the four antigens (A/H1N1/California, A/H3N2/Texas, and B/Massachusetts) by GMT ratios, and for two of the four antigens (A/H3N2/Texas and B/Massachusetts) by SCR differences. The post-vaccination HAI titers for B/Brisbane were also notably lower in the Flublok Quadrivalent group than in the IIV4 group. 

Safety:

· In both PSC12 and PSC16, the safety of Flublok Quadrivalent was comparable to that of IIV4 with respect to overall solicited local and systemic reactogenicity events, unsolicited AEs during Days 0-28, and MAEs/SAEs through 6 months following vaccination.

· Twenty deaths were reported in PSC12 (adults ≥50 years), similarly distributed across the two treatment groups; the investigators considered none of them to be related to vaccination. No deaths were reported in PSC16 (adults 18-49 years).


10.2 Conclusions and Recommendations


The submitted data support the primary non-inferior relative efficacy objective being met in adults ≥50 years of age. In adults 18-49 years of age, the criteria for demonstrating non-inferiority of Flublok Quadrivalent compared to IIV4 were not met for all co-primary immunogenicity endpoints. I defer to the medical officer and other review committee members to determine whether the totality of the data support approval in adults 18-49 years of age.


6.x Trial #x 
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