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|. BACKGROUND

ThisBiologics License Application (STN BL 125145/0) was submitted on July 26, 2005 by
Sanofi Pasteur for PENTACEL ™, the Haemophilus b Conjugate V accine (Tetanus Toxoid
Conjugate) Reconstituted with Diphtheria and Tetanus Toxoids and Acellular Pertussis Vaccine
Adsorbed Combined with Poliovirus Vaccine Inactivated (HCPDT-IPV/PRP-T Vaccine. The
clinical development of this vaccine in the United States has been investigated under BB-IND ---
-, initially submitted to CBER on July 21, 1999. The current statistical reviewer has been
involved in this BLA submission since October 1, 2006.

PENTACEL Vaccinewill be indicated for active immunization for prevention of disease due to
H. influenzae type b, pertussis, diphtheria, tetanus and poliovirustypes 1, 2, and 3 to be
administered intramuscularly as a four-dose primary series at 2, 4, 6, and 15 to 18 months of age.

In aCR letter dated April 23, 2007, CBER requested the Applicant for additional information
regarding pertussis serology assays used in the Pentacel pivotal studiesincluding P3T06. In a
telephone conference dated September 11, 2007, the Applicant proposed to submit the M5A 10
post-dose 3 results in supporting the evaluation of the immune response of the Hib component of
Pentacel.

This statistical review focuses on the Applicant’ s responses to the above issues and consists three
individual reviews: the parallel line analysis (PLA, a pertussis ----- assay anaysis method), a
pivotal study P3T06, and M5A 10 post-dose 3 immunogenicity results.



II. PARALLEL LINE ANALYSIS(PLA)

I1.1 Background

Amendment BL 125145/0.48 which was submitted on October 02, 2007 contained the sample
calculations for the parallel line analysis (PLA) uSiNg -----------=-=======mmmmmmmmmmmmem . The
applicant provides a complete description of the method used and sample calculations of the
pertussis ----- as performed in Canada and the trending high control chartsto demonstrate that
the anti-PT ----- as performed in the US is stable over time.

In 1999 through 2001, the Canadian Pertussis ----- assay methods were updated following
communication with CBER (October 1999 through April 2002, PLA 96-0660) to ensure
consistency and quality of the assays by defining the Lower Limit of Quantitation (LLOQ), and

reassessing stability and precision for each of the ------ over time. At that time, CBER also
reviewed the parallel line data analysis program (used by ------=-=-===-===mmmmmmmmm oo oo
---------- , which was ----- Calculation Software (---------===========m=mmmmmm oo

modeled according to the methods described by Manclark et al. CBER approved the assays for
use as of December 2001.

In 2004, the Canadian Pertussis ------ were optimized and validated for use in ---------------- —-----
................. . To be consistent with the paralléel line analysis (PLA) data calculation method as
performed in ------------=snnmmmmmoeeee implemented a PLA data cal cul ation method using ----------
---------------------------- . However, the parallel line analysis data reduction method utilized for
sample calculation by ---------------- was not modified. The only changes made were to include
detailed criteriarelated to the reference curve and test sample acceptance.

I1.2 Description of Procedures
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II.P3T06 STUDY

[11.1 Introduction

This review focuses on the report entitled “ Re-evaluation of Anti-Pertussis Toxin Responses for
Subjects who Participated in Clinical Trial P3T06.” The report summarizes the results from the
re-assaying of P3T06 sera samples using a further-purified Pertussis Toxin (PT) ---------- ==-------
------------------------ inthe ----------------------o-eeeeeeoeeeee——————- assay. P3T06 is one of the pivotal

study was to address the noninferiority of anti-PT GMCs and 4-fold rise rates post-Dose 3 and
post-Dose 4 for Pentacel relative to DAPTACEL when tested with the ------------------- assay
USINQ -----==-======mmmmmmmmmm oo . The analyses were performed based on re-testing of al
available paired (pre-Dosel/post-Dose 3, or pre-Dose 1/post-Dose 4) sera (>25 pL/sample), for
subjects who participated in Study P3T06.

[11.2 Study Design

Study P3T06 was designed to compare Pentacel vaccine to the US-licensed and concomitantly
administered separate vaccines of DAPTACEL (DTaP), IPOL (IPV), and ActHIB (PRP-T). The
study consisted of two stages, Stage | (age of 2-7 months) and Stage |1 (age of 12-17 months).
Stage | had arandomized, controlled, multi-center design for evaluating the lot consistency of
DAPTACEL in terms of immunogenicity and safety (double-blinded portion), when co-
administered with other recommended vaccines. In an open-label manner, the study also
compared the safety and immunogenicity of an infant series (Stage I, pooled Groups 1, 2, and 3)
and 4™ Dose (Stage |1, Group1) DAPTACEL to the safety and immunogenicity of Pentacel.
Subjects form Stage | DAPTACEL Groups 1, 2, and 3 (Lots 1, 2, and 3) were randomly
allocated to participate in Stage |1 Groups 1, 2, and 3.

1.3 Re-Test Plan

In the original P3T06 study, statistical analyses were conducted on atotal of 374 and 1167
subjects for Pentacel and DAPTACEL, who were included in the post-Dose 3 Stage | Per-
Protocol (PP) Immunogenicity Population, and atotal of 371 and 349 subjects for Pentacel and
DAPTACEL Group 1 (received 4th dose of DAPTACEL and ActHIB at 15 months of age), who
were included in the Stage 11 post-Dose 4 PP immunogenicity population.

The absolute minimum quantity required to perform asingle valid PT ------ assay was
determined to be 25 pL. Table 1 (Table 4.1 in P3t06 Retest Report) presents the sample
availability results. The total number of Stage | pre-Dose 1 and post-Dose 3 sera matching pairs
with >25 pL/sample was 144 for Pentacel and 486 for DAPTACEL. For Stage I1, the total
number of pre-Dose 1 and post-Dose 4 sera matching pairs with >25 plL/sample was 113 for
Pentacel (Group 4) and 128 for DAPTACEL (Group 1).



Table 1. Sample Availability at Stage | (Post-Dose 3) and |1 (Post-Dose 4)

Selection Criteria Pentacel DAPTACEL
Post-Dose 3

Per-Protocol for Stage | 374 1167
All Pertussis serological results post-Dose 3 318 1015
PT serological result pre-Dose 1 219 712
zDizéul_ of seraremaining Post-Dose 3 and Pre- 144 486
Post-Dose 4

Per-Protocol for Stage | 371 349
All Pertussis serological results post-Dose 4 366 345
PT serological result pre-Dose 1 207 222
E%SSéﬂl_ of seraremaining Post-Dose 4 and Pre- 113 128

Two major issues regarding re-test samples are discussed below:

111.3.1 Representative Sera Samples

Sampl e representativeness with the original US eBLA submission data was demonstrated if the
lower and upper bounds of the 2-sided 95% CI of the GMC ratio [P3T06 PP population -------
assay) / re-test sample (------ assay)] for each pertussis antigen were >2/3 and <1.5 at pre-Dose 1,
post-Dose 3, and post-Dose 4. Table 2 (for Pentacel results, Table 5.1 in the P3t06 Retest Report)
and Table 3 (for DAPTACEL results, Table 5.2 in the P3t06 Retest Report) presents results of
equivalence comparisons of the pre-Dose 1, post-Dose 3, and post-Dose 4 anti-PT antibody
GMCs of the selected samples and those reported and submitted for the overall Pentacel and
DAPTACEL PP Populations of Study P3T06.

Results demonstrated that the samples sel ected were representative of the originally tested PP
Population, since both the lower and upper margins of the 95% CI of the GMC ratio for all
pertussis antigens were >2/3 and <1.5.

[11.3.2 Power Calculation

The sample sizes (as shown in Table 1) were based on subjects with sufficient sera sample pairs
in the PP populations at Stages | and 11, respectively. Power was based on evaluating non-
inferiority by observing the upper bound of a 2-sided 95% CI of the difference in 4-fold rise rates
being <10% and by observing the upper bound of a 2-sided 95% CI of theratio of anti-PT GMCs
being <1.5. Rate estimates were based on the original US eBLA submission data from Pentacel
Study P3TO6.



Table 4 (Table 4.2 in the P3t06 Retest Report) shows power estimates at Stages | and 11. Within a
primary hypothesis, the type | error rateis controlled to alevel a by specifying that a vaccine
regimen is non-inferior to its comparator if and only if the PT responses are found to be non-
inferior for that regimen versus its comparator. There was no attempt to control the type | error
rate across the primary hypotheses or across Stages | and 11.

Table 2: Equivalence Comparison of GMCsat Pre-Dose 1, Post-Dose 3, and Post-Dose 4,
Pentacel Subjects, PP Population vs. Re-test Sample

PP Population/ Re-Test

Pentacel Subjects Re-Test Sample PP Population Sample
Geometric Geometric
Bleed Antigen M Mean 95% ClI M Mean 95% ClI Ratio (95% ClI)
Pre- PT(EU/ML) | 163 356 (321,395 [270| 380 (349;414) | 107 (0.93; 1.22)
Dose 1
'(::lﬁmu 163 |  4.49 (382,527) |272| 464 (4.10;5.25) | 1.03 (0.85; 1.26)
(Fllzl\tjllml_) 163 | 1140 (113 g’;‘) 269 | 1175 (1120'7825); 1.03 (0.9L; 1.17)
'(DSU'\'/mL) 163 | 3.00 (259;348) | 272| 3.06 (272,343 | 102 (0.84; 1.23)
Post- (8155, (84.19; _
Doss | PT(EUML) | 144 | 8979 %8.86) 318 | 89.98 %.17) 1.00 (0.89; 1.13)
FHA (66.59; (68.52; _
(EUImL) 144 | 7462 2362) 318 | 7368 7953 0.99 (0.87; 1.13)
FIM (239.00; (247.21; _
(EU/mL) 144 | 27011 S5y | 318 | 26815 50057) 0.99 (0.86; 1.15)
|(DERlL\I/mL) 144 | 37.63 %2.373); 318 | 3605 834022277) 09 | (0.79:1.16)
Post- (159.01; (159.27; _
Dosea | PV (EU/ML) | 113 | 18353 o1184 | 36| 17403 90.17) 095 | (0.79;113)
FHA (95.96; (99.42; _
(EUmL) 113 | 11261 115 | 36| 10794 117.26) 0.96 (0.81; 1.14)
(Fllz'\lj' L) 113 | 63622 (755309'07(% 367 | 55339 ((?1976'2171)3 0.87 (0.70; 1.08)
PRN (75.04; (83.98; .
(EUImL) 113 | 89.70 lovory | 37| 9359 10431) 1.04 (0.84; 1.30)
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Table 3: Equivalence Comparison of GMCsat Pre-Dose 1, Post-Dose 3 and Post-Dose 4,
DAPTACEL Subjects, PP Population vs. Re-test Sample

PP Population/ Re-Test
DAPTACEL Subjects Re-Test Sample PP Population Sample
Geometric Geometric
Bleed Antigen M Mean 95% ClI M Mean 95% ClI Ratio (95% CI)
gf;e 1 (PETU L) 514 4.05 (379,432) | 795 3.98 (377,420) | 098 (0.90; 1.07)
(F:uA/mL) 514 5.15 (4.69;5.65) | 806 4.87 (452;5.25) | 095 (0.84; 1.07)
(FIIE'\LjI/mL) 513 | 1219 (11215"57); 797 | 1220 (1121;21); 100 | (0.93 108)
(Pgl_lj\ij) 514 318 (2.93;344) | 799 3.15 (2.94;337) | 099 (0.89; 1.10)
b3 | (FumLy | %8| 6109 ros |01 | eag2 oy | 104 | ©o7112)
I(:I?Lf}mL) 486 | 29.83 (3217 '8991); 1016 | 29.22 (325 .6901); 098 | (0.90;1.06)
(Fllz'\d' Ly | 486 | 26087 (Zzg'g'g% 1015 | 267.18 (228523_'0105); 102 | (0.93; 1.13)
(PII;L’J\ij) 486 | 4178 fg 6291); 1016 | 4325 (;?gg 104 | (093 115
boed | Eumy | 28| 1235 | Gpoy | | 188 | G | 092 | @711
Gum) | 128| 268 S G | 102 | oemiz
tomy | 128] eweo | OO0 Taw | ss | BT 0w | oenio
(PSL’};mL) 128 | 182.67 (2115; 'g’j’); 347 | 186.07 (zlgggtg 102 | (0.84: 1.24)
Table 4: Power Estimates at Stages| (Post-Dose 3) and |1 (Post-Dose 4)
_ _ Estimated 4-fold Non-inferiority Sample Size Per
Antigen Endpoint Rise Rate or GM C Definition Group (Pentacel / | % Power
Standard Deviation DAPTACEL)
Post-Dose 3
Pertussis PT | >4-fold rise 94% <6 =10% 144/486 95.6
PertussisPT | GMC 0.60 <5=15 144/486 ~100.0
Stage | Combined 95.6
Post-Dose 4
PertussisPT | >4-fold rise 97% <6 = 10% 113/128 95.1
PertussisPT | GMC 0.86 <6=15 113/128 95.3
Stage Il Combined 90.6
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[11.4 Statistical Methods

[11.4.1 Objectives, Hypotheses, and Endpoints

Stage | Objective: The primary objective of Stage | wasto compare the 4-fold rates and the
GMCsélicited by the PT pertussis antigen in Pentacel with those of DAPTACEL when these
vaccines are co-administered with other recommended vaccines, after the infant series.

Stage | Hypothesis: The anti-PT antibody response elicited by the infant series of Pentacel
concurrently administered with a pneumococcal conjugate (Pnc7) and hepatitis B (HepB)
vaccines would be non-inferior to responses (pooled responses from three vaccine lots) elicited
by DAPTACEL concurrently administered with Haemophilus influenzae type b (Hib),
inactivated poliovirus (IPV), Pnc7, and HepB vaccines, as assessed by the difference of the 4-
fold rise rates [post-Dose 3 (--- assay) / pre-Dose 1 (--- assay) >4] and the ratio of their GMCs.

Stage | Endpoints: Non-inferiority for the PT pertussis antigen was demonstrated if:
e The upper bound of the 2-sided 95% Confidence Interval (Cl) of the differencein 4-fold
rise rates (Groups 1-3 Combined - Group 4) was <10%.
e The upper bound of the 2-sided 95% CI of the ratio of the GM Cs (Groups 1-3 Combined
GMC/ Group 4 GMC) was<1.5.

Stage 11 Objective: The primary objective of Stage Il was to compare the 4-fold rise rates and the
GMCseélicited in toddlers after the 4th dose of the PT pertussis antigen in Pentacel (Group 4)
with those elicited by DAPTACEL co-administered with ActHIB (Group 1).

Stage Il Hypothesis. The anti-PT antibody response elicited in toddlers by the 4th dose of
Pentacel (Group 4) would be non-inferior to those elicited by DAPTACEL concurrently
administered with ActHIB (Group 12), as assessed by the difference of the 4-fold rise rates [post-
Dose 4 (--- assay) / pre-Dose 1 (--- assay) >4] and theratio of their GMCs.

Stage 11 Endpoints: Non-inferiority for the PT pertussis antigen was demonstrated if:
e The upper bound of the 2-sided 95% Confidence Interval (Cl) of the difference in 4-fold
rise rates (Group 1 - Group 4) was <10%.
e The upper bound of the 2-sided 95% CI of theratio of the GMCs (Group 1 GMC / Group
4 GMC) was<1.5.

[11.4.2 Statistical Analysis

M easurements:

1. PT Pertussis 4-fold rise rates
The following algorithm was used to calculate fold-rise:

e If the numerator was <LLOQ and the denominator was <L L OQ, then fold-rise
was calculated as 0.5LLOQ/0.5LLOQ,

12



If the numerator was <LL OQ and the denominator was >L L OQ, then fold-rise
was calculated as 0.5LL OQ/(Raw Value of Denominator),

If the numerator was >LL OQ and the denominator was <LL OQ), then fold-rise
was calculated as (Raw Value of Numerator)/LLOQ,

If the numerator was >LL OQ and the denominator was>L L OQ), then fold-rise
was calculated as (Raw Vaue of Numerator)/(Raw Value of the Denominator)

where the denominator was the pre-Dose 1 value and the numerator was the post-Dose 3
or post-Dose 4 values (all values as reported by ---- using the --------------=-=-m-momomme oo

--, depending on which stage of the study was being analyzed.

2. PT Pertussis GMCs

At the subject level, if aserology value was <LLOQ), then for the analysis of GMC, the
value was imputed as 0.5LLOQ prior to the log-transformation.

Population Analyzed

» Per-Protocol Immunogenicity Population:

The PP population included all subjects who satisfied the following:

(0]
(0]

(0]

(0]

Met all inclusion and exclusion criteria,

Received all 3 (for Stage | comparisons) or 4 doses (for Stage || comparisons) of
study vaccines as per randomization within window intervals,

Post-Dose 3 (for Stage | comparisons) and post-Dose 4 (for Stage || comparisons)
blood sampling performed in the specified windows.

Had avalid serology test result post-Dose 3 (for Stage | comparisons) or post-
Dose 4 (for Stage |1 comparisons) for at least 1 DAPTACEL or Pentacel antigen.

» Populations Used in the Re-test Analyses

All immunogenicity analyses were conducted in an available sample from the PP
populations of Study P3T06 Stage | and Stage 11, respectively. At each stage, all subjects
in the re-test sample satisfied the following:

(0]
0]

0]
(0]

Part of the PP population.

Serological results for each pertussis antigen, post-Dose 3 (Stage |) or post-Dose
4 (Stagell).

PT serological result, pre-Dose 1.

>25 UL of seraremaining pre-Dose 1, and post-Dose 3 (Stage I) or post-Dose 4

(Stage ).

111.4.3 Results of Non-Inferiority of Anti-PT Immunogenicity

Stage | Primary Objective

4-fold Rise Rates

13



Table5: Non-Inferiority Comparison of 4-Fold Rise Rates, Post-Dose 3, Pentacel vs.

DAPTACEL
Non-Inferiority
Comparison
DAPTACEL -
Anti-PT (EU/mL) Pentacel DAPTACEL Pentacel
Non-
Population \ o 0 0 Inferiority
Criteria Bleed n/M % 9(5?"/0 n/M % 9(5:|/° % E?IS)/O Yes/No
Representative | Post- 137/143 | 95.8 | (91.1; | 420/481 | 87.3 | (84.0; | -8.49 | (-12.92; Yes
Sample >4- Dose 3 98.4) 90.2) -4.05)
foldrise
(Re-tested
results)
PP Population Post- (89.5; (833 | _ (-11.63;
>4-fold rise Dose 3 205/219 | 93.6 96.5) 613/712 | 86.1 85.6) 7.51 -3.39) Yes
(Original
results)

As shown in the above Table 5 (Table 5.3 in the P3t06 Retest Report), Pentacel anti-PT 4-fold
rise rates, based on the re-assay serology results for the representative sample, were non-inferior
to those of the separately administered US licensed standard of care vaccines DAPTACEL,
IPOL, and ActHIB after the 3rd dose (infant series). Four-fold rise rates for the PT antigen were

higher in the Pentacel group than in the pooled DAPTACEL group (95.8% versus 87.3%,

respectively) and very similar to the previous rates observed in the PP Population of study

P3TO06, tested af -------=-=-===nmnmmmem oo (93.6% versus 86.1%,
respectively).
GMCGCs
Table 6: Non-Inferiority Comparison of Anti-PT GMCs, Post-Dose 3, Pentacel vs.
DAPTACEL
Non-
Inferiority
Comparison | Non-
DAPTACEL / | |nferiority
Anti-PT (EU/mL) Pentacel DAPTACEL Pentacel Yes/No
Population\ Criteria Gel\c/)ln;::]rlc 95% Ge&rg::]rlc 95% (95%
Bleed M Cl M Cl Ratio | ClI)
Representative Sample | Post- 143 102.62 (93.91; | 485 61.88 (58.29; | 0.60 | (0.53; Yes
Concentration Dose 112.15) 65.70) 0.68)
3
(Re-tested results)
PP Population Post- 318 89.98 (84.19; | 1016 63.82 (61.22; | 0.71 | (0.65; Yes
Concentration2(Original | Dose 96.17) 66.53) 0.77)
results) 3
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As shown in the above Table 6(Table 5.4 in the P3TO6 Retest Report), anti-PT GMCs were
higher in subjects, who received Pentacel (Group 4, GMC=102.62 EU/ml) than in those who
received DAPTACEL, IPOL, and ActHIB in Groups 1-3 (GMC=61.88 EU/ml). Consequently,
the noninferiority comparisons based on the ratio of the GMCs met the non-inferiority criteria.
The applicant claims “the upper bound of the 95% CI of the ratio did not include 1,
demonstrating the statistical superiority of the anti-PT responses elicited by 3 doses of
Pentacel. The same was true for the 95% CI of the GMC ratio of the original P3T06 results,
where Pentacel was also shown to be statistically superior to DAPTACEL at the end of the
infant series.”

Reviewer’s comments: Given that the statistical superiority was not considered in the primary
hypothesis, it is inappropriate to make such conclusion

Stagell Primary Objective

4-fold Rise Rates

Table 7: Non-Inferiority Comparison of 4-Fold Rise Rates, Post-Dose 4, Pentacel vs.
DAPTACEL

Non-Inferiority
Comparison
DAPTACEL -
Anti-PT (EU/mL) Pentacel DAPTACEL Pentacel
Non-
Population \ o 0 o Inferiority
Criteria Bled | oM | % | 2P| am | w | B % | | Veano
Cl Cl Cl)
Representative Post- | 106/113 | 93.8 | (87.7; | 116/127 | 91.3 | (85.0; | -2.47 | (-9.08; Yes
Sample Dose 97.5) 95.6) 4.14)
4
>4-fold rise
(Re-tested
results)
PPRopulation | oo | P28 9T Tgag | | 0400 | g, | (B3 Yes
>4-fold rise 4 99.0) ’ 98.8) ’ 2.63)
(Origina
results)

Table 7 (Table 5.5 in the P3T06 Retest Report) presents Pentacel and DAPTACEL and ActHIB
anti-PT 4-fold rise rates with 95% CI, based on the re-assay serology results for the
representative sample. Pentacel anti-PT 4-fold rise rates were non-inferior to those of
DAPTACEL and ActHIB in toddlers (after the 4th dose). Four-fold rise rates for the PT antigen
were very similar between the two groups, (i.e., 93.8% for the Pentacel group, and 91.3% for the
DAPTACEL group). The same was true for the PP Population, tested ------------=-==-====mmnmeumu-
---------------------------------------------------- (97.4% versus 97.1%, respectively).
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Table 8 (Table 5.6 in the P3T06 Retest Report) presents the GMCs with a 95% Cl after a4th
dose of Pentacel in Group 4, and 3 doses DAPTACEL, IPOL, and ActHIB followed by a 4th
dose of DAPTACEL and ActHIB in Groupl. The anti-PT GMCs were similar in subjects from
the representative set, who received Pentacel (Group 4, GMC=107.89 EU/ml) and those who
received DAPTACEL and ActHIB (GMC=100.29 EU/ml). The anti-PT GMC responses €licited
by 4 doses of Pentacel were non-inferior to the GM C responses elicited by 4 doses of
DAPTACEL.

Table 8: Non-Inferiority Comparison of Anti-PT GM Cs, Post-Dose 4, Pentacel vs.
DAPTACEL

Non-Inferiority
Comparison
DAPTACEL / | Non-
_ Pentacel Inferiority

Anti-PT (EU/mL) Pentacel DAPTACEL Yes/No

Population \ Geometric Geometric

Cr?ter ia Mean Mean 95% (95%

Bleed M 95% ClI M Cl Ratio | CI)

Representative | Post- 113 107.89 (93.68; 128 100.29 (86.02; 0.93 | (0.75; Yes

Sample Dose 4 124.26) 116.94) 1.15)

Concentration

(Re-tested

results)

PP Population | Post- 366 174.03 (159.27; | 346 168.48 (153.52; | 0.97 | (0.85; Yes

Concentration | Dose4 190.17) 184.89) 1.10)

(Origina

results)

[11.4.4 Conclusion

Re-test sera samples from subjects immunized with Pentacel or DAPTACEL were re-analyzed
with the --- assay using the ---------=-=== oo . The anti-PT findings of
this re-test study confirmed the conclusions based on the existing P3T06 data regarding the non-
inferiority of the anti-PT antibody responses elicited by Pentacel.
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V. M5A10 POST-DOSE 3IMMUNOGENICITY

V.1 Introduction

M5A10 is designed to compare the immunogenicity and safety of 3 doses of DAPTACEL,
ActHIB, and IPOL and a 4th dose of DAPTACEL and ActHIB (US-licensed schedule) with
either: 4 doses of Pentacel; a 4th dose of DAPTACEL and ActHIB administered after 3 doses of
Pentacel; or 4 Doses of HCPDTIPV and ActHIB in infants (infant series) and toddlers (4th dose).
This statistical review focuses on the report that presents only anti-PRP results for the Infant
Series (Stage 1).

V.2 Trial Design

M5A10 is a phase 3, randomized, controlled, multi-center, open-label study designed to
demonstrate that the anti-diphtheria, anti-tetanus, anti-pertussis, and anti-PRP immune responses
elicited by different formulation of the 5-component acellular pertussis vaccines are non-inferior
to those elicited by 4 doses of DAPTACEL and ActHIB.

Approximately 2,160 children were enrolled in this 2-Stage study. The total duration of thetrial
was approximately 19 months. Children were randomly assigned to 1 of 4 following groups:

Group 1: DAPTACEL, IPOL, and ActHIB at 2, 4, and 6 months of age (Stage 1) and
DAPTACEL and ActHIB at 15 months of age (Stage I1).

Group 2: Pentacel at 2, 4, and 6 months of age (Stage |) and DAPTACEL and ActHIB at 15
months of age (Stage Il).

Group 3: HCPDT-IPV and ActHIB at 2, 4, and 6 months of age (Stage I) and at 15 months of
age (Stage ).

Group 4: Pentacel at 2, 4, and 6 months of age (Stage 1) and at 15 months of age (Stage I1).

For Stage | of the study, all children received a pneumococcal vaccine (Prevnar) at 2, 4, and

6 months of age and a hepatitis B vaccine at 2 and 6 months of age. For Stage |1 of the study, all

children received Prevnar, M-M-R |1 (measles, mumps, and rubella), and Varivax (varicella) or

ProQuad (measles, mumps, rubella, and varicella) vaccines at 12 months of age.

Table 9 (Table 2.1 in M5A10 Hib Immunogenicity Report) presents the main Stage | activities.
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Table9: Trial Activities

Vil

Visit Number V) Phone callz vz Phene calls Vi3 Phene call: Vid
Far+3 R For+3 . e 3 .
Lo Vol + ——— VoI + Ff 3, Vi3 +
Visit Intervals [days Fol + 8, I o+ 8, - 13
[dayz] ol +30 | 45781 oo -ap | 14578 R [30-48]
Dayz in Age Window 41 to 59 87 to 164 147 to 239 110 to 287
Informed Consent Signed
Inclusion & Exclusion Criteria
N . B51 BS2
Blood Sampling (B%) (5 mL)

— .1
Fandomuzation

(1.0mL)

Vaccines - Group 1

DAPTACEL, ActHIB, IFOL

Vaceines — Groups 28&4°

Pantacel

Vaceines — Group 2

DTaP-IPV, ActHIB

Vaceines all groups

Fecombivax HE™ ' Engerix B®

Prevnar

Termination Fecord

A randomization number was not assigned until a minimum of 1.0 mL of bleod was obtained at Visit L.

Subjects in Groups 2 and 4 received the same vaccines during Stage L In Stage IT, Group 2 subjects were to
receive DAPTACEL and ActHIE, and Group 4 subjects — Pentacel.

V.3 Statistical Methods

Only the immunogenicity objectives, hypotheses, and endpoints that pertain to the anti-PRP
comparisons between the Pentacel (Group 2 & 4) and the DAPTACEL, IPOL, and ActHIB

(Group 1) cohorts are included in this review.

|mmunogenicity objectives, hypotheses, and Hib endpoints

The immunogenicity objectives, hypotheses, and Hib endpoints are summarized in Table 10.

18



Table 10: Immunogenicity objectives, hypotheses, and Hib endpoints.

Objective Hypotheses Endpoints
Primary To compare the immune A non-inferiority test was used to Anti-PRP antibody (Ab)
responsesto PRP elicited | compare the anti-PRP immune concentrations >0.15
by 3 doses of Pentacel to responses elicited by 3 doses of pg/mL or >1.0 pg/mL
those elicited by 3 doses of | Pentacel (Groups 2&4 combined) to | post-Dose 3 were assessed
DAPTACEL, IPOL, and those elicited by 3 doses of 30 to 48 days after the 3rd
ActHIB (US standard of DAPTACEL, IPOL, and ActHIB dose of the primary series
care) as measured by (Group 1). Non-inferiority was (V04) in Group 1 and
seroprotection rates. demonstrated if the upper bound of Groups 2& 4 combined.
the 2-sided 95% Confidence Interval
(ClI) of the differencein
seroprotection rates for >0.15 pg/mL
or >1.0 pg/mL (Group 1 rate -
[Groups 2& 4] rate) was <10%.
Secondary To compare the anti-PRP | Non-inferiority testing was used to Anti-PRP Ab
immune responses elicited | compare the anti-PRP responses concentrations
by 3 doses of Pentacel to elicited by 3 doses of Pentacel (seroprotection rates and
those elicited by 3 doses of | (Groups 2&4) to those elicited by 3 GMCs) were assessed 30
DAPTACEL, IPOL, and doses of DAPTACEL, IPOL, and to 48 days after the 3rd
ActHIB as measured by ActHIB (Group 1). Non-inferiority dose of the primary series
geometric mean was demonstrated if the upper bound | (V04) in Groups 1 and
concentrations (GMCs). of the 2-sided 90% ClI of theratio of | 2&4 combined.
GMCs (Group 1 mean / [Groups
2& 4] mean) was <1.5.
To present for Group 1 No hypotheses were tested for the Anti-PRP Ab
(DAPTACEL, IPOL and observational endpoints. concentrations
ActHIB) and Groups 2& 4 (seroprotection rates and
(Pentacel) the anti- GMCs) were assessed 30
Observational PRP seroprotection rates Descriptive summaries of the anti- to 48 days after the 3rd
and GM Cs with their PRP seroprotection rates, GMCs, and | dose of the primary series

corresponding 95% Cl and
reverse cumulative
distribution curves
(RCDC) post-Dose 3.

RCDCs were presented by treatment
group.

(V04) in Groups 1 and
2& 4 combined.

Popul ations Analyzed

Two analysis populations are relevant to the immunogenicity analyses:

e Intent-to-Treat (ITT) immunogenicity population
e Per-Protocol (PP) immunogenicity population

For all immunogenicity analyses, the PP population was designated as the primary population

and ITT population was also analyzed.

The intent-to-treat (ITT) population for immunogenicity for post-Dose 3 consisted of subjects
who had 3 doses of study vaccine (regardless of treatment assignment errors), the post-Dose 3
blood draw, and avalid serology test result for at least 1 antigen.

The per-protocol (PP) population was a subset of the intent-to-treat (ITT) population for
immunogenicity. The PP population consists of subjects who had to satisfy the following criteria:
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e Meet dl inclusion and exclusion criteriaat study entry
e Receive the correct dose of all 3 doses of Pentacel; DTaP-1PV and ActHIB; or
DAPTACEL, ActHIB, and IPOL according to the randomization schedule
e Receive Pentacel; DTaP-IPV and ActHIB; or DAPTACEL, ActHIB, and IPOL within the
following time windows:
0 Dosel: 42 to 89 daysof age
o0 Dose2: Visit 1 +>45days
0 Dose3: Visit 2 +>45 days and <239 days of age
e Have blood sample 2 (post-Dose 3) drawn within the Visit 3 + (30-48 days) window and
avalid serology test result for at least 1 antigen.

The PP summaries present the subjects grouped as they were randomi zed.

V.4 Results

Asthe comparisons in this report will focus on those between subjects in Group 1 and Groups
2& 4, the results presented are limited to these study groups.

IV.4.1 Disposition of Analyzed Population

Stage | of thistrial was conducted at 38 US study centers, which provided a nationwide sampling
of the subject population representative of the ethnic composition of the United States.

In Stage |, atotal of 1084 subjects in Groups 2& 4 combined and 543 subjectsin Group 1 were
randomized between 10 November 2005 and 21 September 2006. As the vaccination schedule
was the same for Groups 2& 4, subjects included in these groups were combined for all Stage |
statistical analyses.

Of al randomized subjects, 916 and 455 subjects in Groups 2& 4 and Group 1, respectively,
satisfied the criteriafor, and were included in the ITT Immunogenicity Population. Of these, 82
Group 2& 4 subjects and 32 Group 1 subjects were protocol violators, leaving atotal of 834
Group 2& 4 subjects and 423 Group 1 subjects who satisfied the criteriafor the PP
Immunogenicity Population.

The mean age of subjects in both Groups 2&4 and Group 1 was 2.1 months. There were slightly
more males than females in the study; however, the distributions were similar in Groups 2& 4
(51.9% males and 48.1% females) and Group 1 (55.1% males and 44.9% females). The magjority
of subjectsin these groups were Caucasian (74.6% in Groups 2& 4 and 72.3% in Group 1),
followed by Hispanic (12.6% in Groups 2&4 and 13.2% in Group 1) and Black (5.0% in Groups
2&4 and 6.1% in Group 1).

IV.4.2 Primary Objective: Seroprotection Ratesfor anti-PRP

Table 11 (Tables 4 and 5 in Appendix 2, M5A10 Hib Immunogenicity Report) presents the
seroprotection rates after the 3rd dose of Pentacel in Groups 2& 4 and
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DAPTACEL, IPOL, and ActHIB in Group 1 for the PP immunogenicity population. The anti-
PRP seroprotection rates elicited by Pentacel at the>0.15 pg/mL and >1.0 pg/mL antibody
levels were non-inferior to those elicited by DAPTACEL, IPOL, and ActHIB.

Table 11: Non-Inferiority Comparison of PRP Seroprotection Rates, Post-Dose 3 Groups

2&4vs. Group 1 (PP and ITT Immunogenicity Populations)

Non-Inferiority
Groups2& 4 Group 1 Comparison
Group 1-Groups2&4
Population |  Criteria M % /M % % %% Cl |, f';'r‘fgn y
PP > 0.15 ug/mL 775/826 93.8 380/421 90.3 -3.56 -6.84, -0.29 Yes
> 1.0 pg/mL 620/826 75.1 315.421 74.8 -0.24 -5.33, 4.85 Yes
ITT > 0.15 pg/mL 847/908 93.3 410/453 90.5 -2.77 -5.93,0.38 Yes
> 1.0 pg/mL 681/908 75.0 336/453 74.2 -0.83 -5.74, 4.09 Yes

Reviewer’ s comments: SAS and StatXact programs had been used for checking the figuresin the
above table. Based on the data provided by the applicant, all figures were matched.

IV.4.3 Secondary Objective: GMC for anti-PRP | mmune Response

Table 14 (Tables 8 and 9 in Appendix 2, M5A 10 Hib Immunogenicity Report) shows that the
GMCsfor the anti-PRP antigens elicited by Pentacel were non-inferior to the GMCs elicited by
DAPTACEL, IPOL, and ActHIB. The same comparison using the upper bound of the 95% CI as
the limit for non-inferiority was also performed, reaching the same conclusion of non-inferiority.

Table 12: Summary of Seroprotection Rates, Post-Dose 3 Groups 2& 4 and Group 1 (PP
and ITT Immunogenicity Populations)

Groups2&4 Group 1
n/M % or n/M % or
Population Bleed Criteria or M Geometric | 95% CI or M Geometric | 95% ClI
Mean Mean
>0.15 92.0, 87.0,
ug/ml 775/826 93.8 954 380/421 90.3 °9
Post >1.0 72.0, 70.4,
PP -Dose 3 ug/mL 620/826 75.1 780 315/421 74.8 78.9
2.25, 2.01,
GMC 826 2.52 281 421 2.38 281
>0.15 91.5, 87.4,
ug/ml 847/908 93.3 948 410/453 90.5 93.0
Post >1.0 72.1, 69.9,
ITT -Dose 3 ug/ml 681/908 75.0 778 336/453 74.2 78.1
2.25, 2.02,
GMC 908 251 279 453 2.37 279

Reviewer’ s comments: SAS and StatXact programs had been used for checking the figuresin the
above table. Based on the data provided by the applicant, all figures were matched.
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IV.4.4 Results of Additional Analyses

Reverse cumulative distribution curves (RCDCs) were generated for post-Dose 3 responses to
PRP. The curves for Groups 2&4 and Group 1 show the same antibody concentration
distribution in both the PP and ITT populations.

Post-Dose 3 anti-PRP immune responses were also analyzed by race/ethnicity.

IV.4.5 Conclusion

Study M5A 10 shows that Pentacel provides anti-PRP (Hib) antibody responses that are non-
inferior to those obtained with the separate administration of DAPTACEL, IPOL, and ActHIB
(the US licensed component vaccines and standard of care since 2003).
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V.COMMENTSTO THE REVIEW COMMITTEE

The following issues had been discussed in the internal meeting held on November 2, 2007. The

committee members from the laboratory decided to accept this proposed parallel line analysis
(PLA) uSINg ==-=========m=mememmmmmeoeme e oo oo e e
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VI.COMMENTSTO THE APPLICANT

In the report of “Re-evaluation of Anti-Pertussis Toxin Responses for Subjects who Participated
in Clinical Trial P3T06” (page 19 of 253), you claim that “the upper bound of the 95% CI of the
ratio did not include 1, demonstrating the statistical superiority of the anti-PT responses elicited
by 3 doses of Pentacel. The same was true for the 95% CI of the GMC ratio of the original

P3TO06 results, where Pentacel was also shown to be statistically superior to DAPTACEL at the
end of the infant series.”

Please acknowledge that it is inappropriate to draw such conclusions given that statistical
superiority was not considered in the primary hypothesis.
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VII.REVIEWER'SRECOMMENDATION

Based on data presented in Study M5A 10, Pentacel provides anti-PRP (Hib) antibody responses
that are non-inferior to those obtained with the separate administration of DAPTACEL, IPOL,
and ActHIB (the US licensed component vaccines and standard of care since 2003).

Results of the re-test sera samples of the existing P3T06 data show that the anti-PT antibody
responses elicited by Pentacel are non-inferior to that elicited by DAPTACEL.

A minor concern regarding the claimed statementsin Study P3TO06 is addressed above in the
Comments to the Applicant.
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