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Abstract

Background: The choice of non-typeable Haemophilus influenzae Protein D as main carrier protein in the candidate 10-valent pneumococcal conjugate vaccine (PHiD-CV, GlaxoSmithKline Biologicals), was driven in part to avoid carrier-mediated suppression and possible bystander interference with coadministered vaccines. Immunogenicity data from 3 primary and 2 booster vaccination studies were assessed for possible impacts of PHiD-CV coadministration on immune responses to routinely administered childhood vaccines, in comparison to 7-valent pneumococcal conjugate vaccine (7vCRM) coadministration.

Methods: Randomized, controlled studies in which PHiD-CV or 7vCRM vaccines were coadministered with DTPa-[HBV]-IPV/Hib, DTPa-[HBV]-IPV, DTPw-HBV/Hib, IPV, and OPV, combined Hib-Neisseria meningitidis serogroup C vaccine (Hib-MenC-TT), standalone MenC-TT or MenC-CRM vaccines.

Results: One month after primary vaccination, >96% of PHiD-CV recipients had seroprotective antibody concentrations against diphtheria, tetanus, poliovirus types 1 and 3, Hib (≥0.15 μg/mL), SBA-MenC (≥1:8), and >94% were seropositive for antibodies against pertussis antigens. Somewhat lower responses against poliovirus type 2 in study A (compared with poliovirus type 1 and 2 responses) and hepatitis B in the 6-, 10-, and 14-week schedule in the Philippines (compared with hepatitis B responses in the other studies) were observed after coadministration of both PHiD-CV and 7vCRM vaccines. Antitetanus and anti-PRP antibody geometric mean concentrations (GMCs) tended to be higher after PHiD-CV coadministration, probably because of the TT carrier protein for serotype 18C in PHiD-CV. Booster vaccination induced substantial increases in antibody GMCs for all coadministered antigens. These responses were generally within the same range in PHiD-CV and 7vCRM groups. Observed anti-PRP responses remained higher in PHiD-CV recipients after the booster dose.

Conclusions: Coadministration of PHiD-CV with commonly used childhood vaccines induced high levels of seroprotection/seropositivity against all targeted diseases. No evidence of negative interference on the immune response to any of the coadministered vaccine antigens was observed when compared with the current routine practice of 7vCRM coadministration.

The practice of vaccine coadministration is central to successful childhood immunization programs. Recommendations of the National Vaccine Advisory Committee in the United States for standard immunization practice advocate “Health care professionals simultaneously administer as many indicated vaccine doses as possible.”1 Coadministration of vaccines maximizes the likelihood that children will receive age-appropriate vaccines in a timely manner, reduces the number of vaccination visits required, and allows easier incorporation of new vaccines into existing schedules.2

It is generally considered that multiple inactivated vaccines may be coadministered at the same vaccination visit without compromise of the immune response of the administered vaccines.3 However, combination vaccines including multivalent or combined protein conjugate vaccines are becoming larger and more complex, increasing the risks of immune interference or enhancing effects on the coadministered antigens. A recent review of DTPa and Hib based combination vaccines highlighted that immune responses depend on the nature and quantity of the coadministered antigens, mixed or separated administration of antigens, and the adjuvant used in individual coadministered vaccines.4

The candidate 10-valent pneumococcal non-typeable Haemophilus influenzae [NTHi] Protein D-conjugate vaccine (PHiD-CV) has shown to be immunogenic when administered for primary and booster vaccination in different populations and using different vaccination schedules.5–7 PHiD-CV differs in several key aspects from the currently licensed 7-valent pneumococcal conjugate vaccine (7vCRM). Both vaccines contain a total of 16 μg of pneumococcal capsular polysaccharide, but for PHiD-CV this includes additional pneumococcal serotypes 1, 5, and 7F, besides the 7 serotypes included in the 7vCRM vaccine. Unlike the 7vCRM vaccine in which each pneumococcal polysaccharide is conjugated to mutated diphtheria toxoid (CRM197 protein), the PHiD-CV vaccine uses a recombinant form of protein D (a nonlipidated form of a highly conserved 42 kD cell-surface lipoprotein of non-typeable H. influenzae) as carrier protein for 8 of the 10 vaccine serotypes (1, 4, 5, 6B, 7F, 9V, 14, and 23F), tetanus toxoid as carrier protein for serotype 18C, and diphtheria toxoid as carrier protein for serotype 19F. The choice of protein D as carrier was driven in part by the caution to avoid carrier-mediated suppression and possible bystander interference known to occur with some conjugates that have tetanus toxoid or CRM197 as carrier protein.4,8–12 Using protein D as carrier protein also confers the potential to offer children protection against both pneumococcal and NTHi diseases. In view of the unique formulation of the PHiD-CV vaccine, studies to evaluate the impact of PHiD-CV coadministration on the immunogenicity and safety of routinely used childhood vaccines have been conducted.

This review reports data from the coadministration of PHiD-CV with commonly used pediatric vaccines arising from 3 primary vaccination studies and 2 booster studies. The immune response to the administered pneumococcal vaccines as well as safety and reactogenicity data from the 5 clinical trials are reported elsewhere.5,6,7,13
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METHODS

Study Design

The design of each study (Studies: 105553/NCT00307554, 107005/NCT00334334, 107007/NCT00344318, 107046/NCT00370396, and 109507/NCT00463437) is summarized in Table 1. Each study assessed immune responses, safety and reactogenicity profiles of commonly used pediatric vaccines when coadministered with either PHiD-CV or 7vCRM (Prevenar™/Prevnar™). All studies were randomized. Study C was double-blind (observer blind), whereas the other studies were conducted in an open (studies B and E) or single-blind fashion (studies A and D).
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Immune responses to the following coadministered pediatric vaccines were assessed: combined hexavalent diphtheria-tetanus-acellular pertussis–hepatitis B-inactivated poliovirus and H. influenzae type b conjugate vaccine (DTPa-HBV-IPV/Hib) or DTPa-IPV/Hib, the combined DTPa-HBV-IPV or DTPa-IPV vaccines, combined DTPw (whole-cell pertussis)-HBV/Hib vaccine, standalone IPV and oral live attenuated poliovirus vaccine (OPV), combined Hib-Neisseria meningitidis serogroup C vaccine conjugated to tetanus toxoid (Hib-MenC-TT), monovalent MenC-TT and MenC-CRM vaccines. In accordance with national recommendations in place at the time of each study, hepatitis B vaccine was administered at or soon after birth, in Poland (Studies A, B, and C) and some regions of Spain (Study B).

The studies were conducted according to Good Clinical Practice, the Declaration of Helsinki (Somerset West, 1996 version), applicable local laws, and with the approval of relevant ethics review committees. In each study, written informed consent was obtained from the parents/guardian of each subject before enrolment.
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Study Subjects

Primary vaccination studies were conducted in healthy infants between 6 and 16 weeks of age at the time of the first vaccine dose. In booster studies, vaccination occurred between 11 and 18 months of age. Infants and children were excluded from participation if they had experienced disease caused by, or had received prior vaccination against pathogens targeted by the study vaccines (with the exception of HBV vaccine in Poland and some regions of Spain, where it was routinely administered at birth). Children with immunosuppression of any cause, serious chronic illness, a history of seizures or progressive neurologic disease, major congenital defects, or who had received immunoglobulin or blood products since birth were also excluded. In booster studies, children were required to have been vaccinated during infancy in the previous clinical trial of PHiD-CV, and were excluded if they had received intercurrent vaccination with antigens present in the booster study vaccines.
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Coadministered Vaccines

The DTPa-HBV-IPV/Hib (Infanrix hexa™), DTPa-HBV-IPV (Infanrix penta™/Pediarix™), DTPw-HBV/Hib (Tritanrix™-HepB/Hib), Hib-MenC-TT (Menitorix™), OPV (Polio Sabin™), and IPV (Poliorix™) vaccines were manufactured by GlaxoSmithKline Biologicals (GSK), Rixensart, Belgium (Table 2). The conjugate meningococcal vaccines MenC-TT (NeisVac-C™) and MenC-CRM (Meningitec™) were manufactured by Baxter Healthcare SA, Zurich, Switzerland and Wyeth, Pearl River, NY, USA, respectively.
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All vaccines except OPV were administered intramuscularly. In primary vaccination studies, all vaccines were administered into the thigh. In booster studies, vaccines were administered into the thigh or the deltoid.
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Assessment of the Immune Responses of the Coadministered Vaccines

For most antigens, blood samples were collected before commencing primary vaccination, and 1 month after completion of the primary vaccination course in studies A and C, 2 months after the second and 1 month after the third primary vaccination doses in Study B, and before and 1 month after the vaccine dose in booster studies (D and E). In each study, serological testing of the response to coadministered antigens was conducted in a randomly selected subset of subjects. In Study E, the immunologic assessment of coadministered vaccines was limited to Hib and MenC responses.

All assays used to evaluate the immune response to coadministered antigens were performed using standardized, validated procedures with adequate controls.

In Study A, antibodies against hepatitis B surface antigen (anti-HBs) were measured using a commercially available kit (AUSAB® EIA, Abbott Laboratories) with a cut-off for seroprotection of 10 mIU/mL. Analysis of the hepatitis B response in other studies, as well as immune responses to diphtheria and tetanus toxoids, Hib, and pertussis antigens was performed using standard GSK ELISA assays. The assay cut-off for antibody concentrations considered to be associated with seroprotection was 0.1 IU/mL for diphtheria and tetanus,14,15 10 mIU/mL for hepatitis B,16 and 0.15 μg/mL for Hib.17,18 For anti-PRP (Hib) antibodies, the percentage of subjects with an antibody concentration (total Ig) ≥1 μg/mL was also evaluated. For pertussis where no serological correlate of protection currently exists, immune responses were expressed as seropositivity (≥5 EL.U/mL for PT, FHA, and PRN in DTPa vaccines19 and ≥15 EL.U/mL for the response to Bordetella pertussis [killed; BPT] in the DTPw vaccine).

Serum titers of anti-poliovirus types 1, 2, and 3 were measured by viral microneutralization assay test.20 The lowest dilution at which serum samples were tested was 1:8, which is considered to be protective.

Measurement of the immune response to MenC was made by determination of serum bactericidal activity against MenC (SBA-MenC), according to the CDC protocol21 using baby rabbit complement. SBA-MenC titers ≥ the assay cut-off of 1:8 were considered protective.22 A cut-off of 1:128 was also assessed. Specific IgG antibodies against MenC polysaccharide (PSC) were measured by ELISA with an assay cut-off of 0.3 μg/mL.23 The 2 μg/mL threshold was also assessed as it has been suggested by some to be protective against serogroup C.24
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Statistical Methodology

Coadministered antigens were tested on a defined subset of vaccinated subjects. Analysis of immunogenicity was performed on the according-to-protocol (ATP) for immunogenicity, for which immunogenicity data on coadministration antigens are available. The ATP cohort for analysis of immunogenicity included all eligible subjects in the immunogenicity subsets for whom assay results were available for antibodies/titers against at least 1 coadministered study vaccine component after vaccination.

Percentage of subjects with antibody concentration/titer equal to or greater than the seropositivity/seroprotection cut-off were calculated with the exact 2-sided 95% confidence intervals (CIs) for each vaccine antigens after each time point.25

Geometric mean antibody concentrations/geometric mean antibody titers (GMCs/GMTs) were calculated (with 95% CIs) by taking the antilog of the mean of the log concentration/titer transformations. Antibody concentrations/OPA titers below the assay cut-off were given an arbitrary value of one-half the cut-off for the purpose of GMC/GMT calculation.

All comparisons were exploratory and statistically significance was based on the observation of nonoverlapping 95% CIs. These exploratory comparisons should therefore be taken with caution and should only be considered indicative of possible differences between groups.
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RESULTS

The immune response to antigens coadministered with PHiD-CV was assessed in approximatively 1805 subjects across the 3 primary vaccination studies and in the 2 booster studies, in about 1150 subjects who had received a fourth consecutive vaccination with PHiD-CV. Because of limited quantities of sera, antibody responses could not be measured for all antigens in every subject, resulting in differences in number of subjects tested per antigen.
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Primary Vaccination (Studies A, B, C)
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Response to Diphtheria and Tetanus Toxoids

One month after completion of primary vaccination in studies A, B, and C, at least 97.9% of PHiD-CV and 7vCRM vaccinees had seroprotective antibody levels against diphtheria and virtually all subjects were seroprotected against tetanus (Table 3). Antidiphtheria antibody GMCs were statistically significantly higher in the 7vCRM group compared with the PHiD-CV group in study A, but the opposite trend was observed in both schedules assessed in study C. Antitetanus antibody GMCs were observed to be consistently higher across most PHiD-CV groups compared with 7vCRM groups (Table 3), with a statistically significant difference in study A, and in the PHiD-CV groups receiving a MenC vaccine conjugated to TT compared with 7vCRM in Study B.
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Response to Hepatitis B Antigen

The hepatitis B responses after primary vaccination are given per country in Table 4. Although limited by small numbers in some countries, anti-HBs seroprotection rates and GMCs seem to be influenced by the number of hepatitis B vaccinations given, and the schedule in which they were administered. For each study, the overall seroprotection rate against hepatitis B was more than 96% for subjects who received at least 3 vaccine doses according to the 2-, 4-, and 6-month or 2-, 3-, and 4-month schedules coadministered with PHiD-CV or 7vCRM, versus approximately 90% of the subjects vaccinated according to the 6-, 10-, and 14-week schedule with PHiD-CV or 7vCRM coadministration, in study C in the Philippines.
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The highest anti-HBs antibody GMCs were observed in schedules where 4 hepatitis B vaccine doses were provided (Poland and Spain). The lowest anti-HBs antibody GMC was observed in Filipino subjects who received 3 HBV vaccine doses in the accelerated 6-, 10-, and 14-week schedule (all but 6 subjects assessed for hepatitis B immunogenicity did not receive HBV vaccine at birth). Anti-HBs antibody GMCs were also lower in French infants who received only 2 HBV vaccine doses coadministered with PHiD-CV at 2 and 4 months of age. Although a higher anti-HBs antibody GMC was observed in French children who received 7vCRM, conclusions cannot be drawn because of the small sample size (N = 16).
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Response to Pertussis Antigens

Virtually all subjects were seropositive for antibodies against PT, FHA, and PRN in studies A and B where DTPa was given (Table 5). In study C where DTPw was administered, 93% to 95% of subjects in Poland and 98% to 99% of subjects in the Philippines were seropositive for anti-BPT antibodies after primary vaccination (Table 6).
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In each study/schedule, post-primary antibody GMCs against acellular and whole cell pertussis antigens were within the same range in the PHiD-CV and 7vCRM groups.
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Response to Poliovirus Antigens

One month after completion of primary vaccination in studies A, B, and C, more than 96% of PHiD-CV recipients in all 3 studies had antibody concentrations consistent with seroprotection against poliovirus types 1 and 3 (Table 7). Lower seroprotection rates and antibody GMTs against anti-poliovirus types 1 and 3 were observed in 7vCRM recipients compared with PHiD-CV recipients in study C when the 6-, 10-, 14-week schedule was used (only 90.9% [Polio 1] and 84.2% [Polio 3] of 7vCRM vaccinees with titers ≥8, Table 7).
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Poliovirus type 2 responses were different between studies but were within the same range for the PHiD-CV and 7vCRM groups in each study (Table 7). More than 97% of PHiD-CV recipients had seroprotective anti-poliovirus type 2 antibody levels in studies B and C, whereas in study A, 91.2% of subjects in the PHiD-CV group and 90.4% of subjects in the 7vCRM group had titers ≥8.
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Response to H. influenzae type B Antigens

More than 97% of subjects had antibody concentrations consistent with seroprotection (≥0.15 μg/mL) against Hib for both PHiD-CV and 7vCRM groups (Table 8). The anti-PRP antibody GMC and the percentage of subjects with anti-PRP antibody concentrations ≥1.0 μg/mL was significantly higher in PHiD-CV recipients compared with 7vCRM recipients in study A. Anti-PRP antibody GMCs were markedly higher when PHiD-CV or 7vCRM was coadministered with Hib-MenC-TT, compared with groups receiving MenC-CRM or MenC-TT coadministered with DTPa-HBV-IPV/Hib and PHiD-CV (study B). Anti-PRP antibody GMCs were significantly lower when MenC-CRM was coadministered compared with the group with MenC-TT coadministration in study B.
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Response to MenC Antigens (Study B)

SBA-MenC titers ≥8 were observed in at least 97.6% of subjects in study B after primary vaccination and at least 95.0% of all subjects had SBA-MenC titers ≥128 2 months after the second dose of MenC-CRM or MenC-TT vaccines (corresponding to the full primary vaccination course according to existing prescribing information26,27), and 1 month after the third dose of Hib-MenC-TT vaccine (Table 9). All subjects had anti-PSC antibody concentrations ≥0.3 μg/mL 2 months after the second dose of MenC-CRM or MenC-TT vaccines or 1 month after the third dose of Hib-MenC-TT vaccine, and more than 95% had anti-PSC antibody concentrations ≥2.0 μg/mL.
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Booster Vaccination (Studies D and E)

One month post-booster vaccination in study D, the seroprotection/seropositivity rates for antibodies against diphtheria, tetanus, pertussis, hepatitis B, and poliomyelitis were within the same range in all 3 vaccine groups (Table 10). More than 99.0% of subjects in each group had seroprotective antibody concentrations against diphtheria, tetanus, poliovirus types 1, 2, and 3, and were seropositive against each pertussis antigen. At least 97.9% had seroprotective antibodies against hepatitis B. Post-booster antibody GMCs/GMTs (Table 10) were globally within the same range in all groups, with the exception of a statistically significantly higher antidiphtheria antibody GMC in the 7vCRM primed group boosted with PHiD-CV compared with other groups, and a significantly higher antitetanus antibody GMC in the PHiD-CV groups compared with other groups.
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Booster Response to H. influenzae Antigens

In both studies D and E, at least 97.8% of subjects in all groups had anti-PRP antibody levels ≥1 μg/mL after the booster dose (Table 11). In study D, higher post-booster anti-PRP antibody GMC were observed in subjects primed and boosted with PHiD-CV compared with the other groups (Fig. 1). In study E, groups primed and boosted with PHiD-CV and monovalent MenC-CRM or MenC-TT vaccines had anti-PRP antibody concentrations within the same range as PHiD-CV boosted subjects in study D, whereas groups primed and boosted with Hib-MenC-TT had significantly higher anti-PRP antibody GMCs. The highest anti-PRP antibody GMC was observed in PHiD-CV+Hib-MenC-TT vaccinees (Fig. 1).
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[image: Figure 1]FIGURE 1. Anti-PRP antibody GMCs with 95% CIs 1 month after primary vaccination, before the booster dose and 1 month after booster vaccination in studies D (booster of A) and E (booster of B) (ATP immunogenicity cohorts). (a) PHiD-CV + MenC-CRM group; (b) PHiD-CV + MenC-TT group; (c) PHiD-CV + Hib-MenC-TT group.
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Booster Response to MenC Antigens (Study E)

In study E, all subjects were seroprotected (SBA-MenC titer ≥8) and at least 97.4% of subjects had SBA-MenC titers ≥128 after the booster dose of monovalent MenC or Hib-MenC-TT vaccines (Table 11). A higher post-booster SBA-MenC GMT was observed in the PHiD-CV + Hib-MenC-TT group compared with the 7vCRM + Hib-MenC-TT group. Between 93.1% and 98.7% of subjects in PHiD-CV groups who received a booster dose of MenC-CRM, MenC-TT or Hib-MenC-TT had anti-PSC antibody concentrations ≥2.0 μg/mL versus 82.6% of 7vCRM + Hib-MenC-TT recipients. The post-booster anti-PSC antibody GMC was statistically significantly higher in the PHiD-CV + Hib-MenC-TT group compared with the 7vCRM+Hib-MenC-TT group (Table 11).

In Poland, a third primary dose of MenC-CRM or MenC-TT was offered at 7 months of age to comply with MenC-CRM and MenC-TT prescribing information in place at the time of the study. However, this additional dose during primary vaccination course of MenC-CRM or MenC-TT did not appear to have any impact on the booster responses (analyses per country; results not shown).
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DISCUSSION

In 5 controlled clinical trials, immune responses measured against antigens contained in widely used childhood vaccines after coadministration with PHiD-CV did not indicate negative interferences, compared with immune responses measured after coadministration with the licensed 7vCRM vaccine. Lower than expected seroprotection rates and GMTs against poliovirus type 2 were observed in both the PHiD-CV and 7vCRM groups in one of the primary vaccination studies (study A). The clinical significance of this result is uncertain given that booster vaccination of subjects in Study D (booster of study A) induced good booster responses in all groups with seroprotective titers against poliovirus type 2 observed in all children. For all other coadministered antigens, the immune response was high and at least 96% of PHiD-CV recipients had antibody concentrations consistent with seroprotection against diphtheria, tetanus, poliovirus types 1 and 3, Hib (≥0.15 μg/mL), SBA-MenC (≥8), and more than 94% were seropositive for antibodies against pertussis antigens.

In each study, at least 96% of subjects had antibody concentrations consistent with seroprotection against hepatitis B, except for subjects in the Philippines (study C) where seroprotection rates reached about 90%. In general, hepatitis B antibody GMCs varied according to the vaccination schedule employed in each country (2 hepatitis B vaccine doses in France, 3 in Finland, or 4 in Poland), with a tendency to increase according to the number of HBV vaccine doses administered in each country. The lowest seroprotection rates and anti-HBs GMCs were however observed in Filipino infants who, although receiving 3 hepatitis B vaccine doses, were vaccinated in the early and accelerated 6-, 10-, and 14-week schedule. Low anti-HBs immune responses have been reported previously by Gatchalian et al28 after administration of the DTPw-HBV/Hib vaccine in Filipino children at 6, 10, and 14 weeks of age. As well as vaccination schedule, the low responses in Filipino infants may also be because of interference of maternal antibodies as reported by Bravo et al.29 Only 6 subjects in the immunogenicity subset for coadministered vaccines in the Philippines received hepatitis B vaccination at birth. The importance of a birth dose of HBV vaccine when the 6-, 10-, and 14-week schedule is employed has been demonstrated in other studies.30,31 Neonatal vaccination against hepatitis B is now recommended in the Philippines, regardless of whether primary vaccination will be performed with DTPw or DTPa-based vaccines.30

The mechanism of immune interference or enhancement to coadministrated vaccines is poorly understood, difficult to predict and may be the result of carrier-specific T-helper cell interactions or T cell bystander interferences.4,32 Coadministration of CRM-based conjugate vaccines with DTPa and Hib-TT combination vaccines has been associated with reduced responses to the Hib-TT vaccine and also to hepatitis B.4 These effects seem to be dose related,33 are more pronounced with DTPa-based vaccine from some manufacturers than from others.9,10,34 In contrast, coadministration of DTPa and Hib-TT combinations with other TT-conjugate vaccines has led to enhancement of the immune response to Hib.35–37

We observed results consistent with above mentioned observations. In study A, we observed significantly higher anti-PRP (Hib) antibody GMC and percentage of subjects reaching the 1.0 μg/mL cut-off in the PHiD-CV + DTPa-HBV-IPV/Hib group compared with the 7vCRM + DTPa-HBV-IPV/Hib group, suggesting enhancement of the anti-PRP response by the TT-carrier used for serotype 18C in the PHiD-CV vaccine. Similarly, in study B, higher anti-PRP antibody GMCs were observed in subjects primed with 3 doses of PHiD-CV or 7vCRM when these vaccines were coadministered with Hib-MenC-TT conjugate vaccine, compared with the other groups that received the DTPa-HBV-IPV/Hib vaccine.

The generally higher antitetanus antibody GMCs observed in the PHiD-CV groups in all studies is consistent with enhancement of the immune response by the TT-carrier protein for serotype 18C in the PHiD-CV vaccine. The difference between 7vCRM and PHiD-CV groups in term of the antitetanus antibody GMC was less pronounced in study B where the TT present in the Hib-MenC-TT vaccine clearly increased the tetanus response in 7vCRM recipients, as it also did for the anti-PRP response. In study B, the antitetanus antibody GMC in the 7vCRM group was within the same range as that of the PHiD-CV + MenC-CRM group, but remained lower than the other 2 PHiD-CV groups where the overall amount of TT administered was higher (Table 2).

Significantly, higher antidiphtheria antibody GMCs in the 7vCRM group in study A compared with the PHiD-CV group are consistent with the presence of the CRM carrier protein, a mutated diphtheria toxoid, in the 7vCRM vaccine, although this was not consistently observed in all studies.

In study C where OPV was administered to subjects vaccinated at 6, 10, and 14 weeks of age, anti-poliovirus types 1 and 2 GMTs were at least as high or higher than in groups receiving IPV at 2, 4, and 6 months of age, whereas anti-poliovirus type 3 GMTs were significantly lower in the 6-, 10-, and 14-weeks OPV schedule. This is consistent with previous observations comparing OPV and IPV immune responses.38

A booster dose of PHiD-CV and coadministered vaccines given to subjects primed with PHiD-CV or 7vCRM induced high levels of seroprotection/seropositivity against all coadministered vaccine antigens. The significantly higher antitetanus antibody GMCs observed in PHiD-CV primed and boosted subjects in study D compared with the other groups reflects the additional TT content of the vaccine as discussed above. The reason for significantly higher antidiphtheria antibody GMCs in subjects primed with 7vCRM and boosted with PHiD-CV, compared with priming and booster vaccination with 7vCRM remains unclear.

Post-booster Hib responses were consistent with post-primary findings, with the anti-PRP antibody GMCs in PHiD-CV groups, exceeding GMCs in 7vCRM groups when identical vaccines were coadministered. The high anti-PRP and rSBA-MenC responses seen in groups receiving a booster dose of Hib-MenC-TT coadministered with PHiD-CV may be a combined result of TT enhancement and an improved anamnestic response known to occur after primary vaccination with reduced antigen content vaccines.39–41

These studies were not designed to assess the impact of PHiD-CV on the immune responses of coadministered vaccines because none included control groups without coadministration of pneumococcal conjugate vaccines. These studies were rather designed to compare 2 different pneumococcal conjugate vaccines, in the context of coadministration of routine pediatric vaccines. The immune response of pediatric vaccines when coadministered with PHiD-CV is therefore compared with the immune response of the same coadministered vaccines when used in the current routine practice of 7vCRM coadministration. Because no contra-indications currently exist for coadministration of 7vCRM with other pediatric vaccines, immune responses of vaccines when coadministered with 7vCRM should be considered acceptable and can therefore be used as reference. Furthermore, the seroprotection/seropositivity rates observed for the vaccine antigens coadministered with PHiD-CV were within the range of those previously observed for these antigens in other studies using similar schedules,11,28,29,39,42 thereby confirming the preserved immune responses induced by these widely used pediatric vaccines when coadministered with PHiD-CV vaccine.

Also, lacking in these studies are data assessing the immune response to live attenuated viruses other than OPV. However in a controlled booster study enrolling the remaining subjects primed in study A, coadministration of combined measles-mumps-rubella-varicella (MMRV) vaccine with PHiD-CV did not impair immunogenicity and tolerability of the administered vaccines.43

Coadministration of the novel PHiD-CV has not been assessed in every possible schedule or with every possible vaccine. However, data from 5 clinical trials that evaluated 3 different vaccination schedules including the more immunologically challenging 6-, 10-, and 14-week and 2-, 3-, and 4-month schedules, adequately take into account most of the potentially required coadministrations worldwide. Use of protein D as carrier protein did not lead to negative interferences in the immune response to coadministered antigens.

In conclusion, coadministration of commonly used childhood vaccines with PHiD-CV induced high levels of seroprotection/seropositivity against the targeted diseases, without evidence of interference on the immune response to any of the coadministered vaccine antigens compared with immune responses after 7vCRM coadministration.
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TABLE 5. Antibody Responses Against Coadministered Acellular Pertussis Vaccine Antigens (with 95% CI)

1 Month After Primary Vaccination in PHiD-CV Studies (ATP Immunogenicity Cohorts)

Study Group

Study A:

Study B: 2-, 4-, 6-month schedule

PT FHA PRN
N  %=5ELU/mL GMC(ELUmL) N %=5ELUmL GMC(ELUmL) N %=5ELU/mL GMC (EL.UL)
-, 3-, 4-month schedule

PHIiD-CV 545 100.0[99.3;100.0] 505[48.0;53.1] 545 100.0[99.3;100.0] 148.3[140.1;156.9] 545 100.0(99.3;100.0] 73.6 [68.4;79.1]
7vCRM 181 100.0[98.0;100.0] 46.9[42.8;51.3] 182 100.0[98.0;100.0] 142.6[128.5;158.3] 181  99.4[97.0;100.0] 76.2 [67.8; 85.7]
PHIiD-CV¥ 168 100.0 [97.8;100.0] 38.4[34.9;42.4] 168 100.0[97.8;100.0] 162.6[147.1;179.7] 168 100.0(97.8;100.0] 95.1[84.4;107.2]
PHID-CV, 174 100.0(97.9;100.0] 43.1[39.1;47.5] 174 100.0[97.9;100.0] 184.3[165.8;2049] 174  99.4[96.8;100.0] 107.5[94.0; 123.0]
PHIiD-CV' 172 100.0 [97.9; 100.0] 42.2[38.3;46.6] 173 100.0[97.9;100.0] 189.2[172.8;207.3] 173  99.4 [96.8;100.0] 99.9 [87.4; 114.2]
43.2(39.6;47.1] 168 100.0(97.8;100.0] 191.2[174.0;210.2] 168 100.0[97.8;100.0] 110.5[97.5; 125.1]

TvCRM 166 100.0 [97.8; 100.0]

See Table 1 for a list of vaccines coadministered in each study.

*PHID-CV + MenC-CRM.
PHID-CV + MenC-TT.
IPHID.CV + Hib-MenC-TT
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TABLE 3. Antibody Responses Against Coadministered Diphtheria and Tetanus Toxoids (with 95% CI) 1 Month After
Primary Vaccination in PHiD-CV Studies (ATP Immunogenicity Cohorts)

Diphtheria Tetanus
Study Group
N % =0.1 TU/mL GMC (IU/mL) N % =0.1 TU/mL GMC (IU/mL)
Study A: 2-, 3-, 4-month schedule
PHiD-CV 549 99.8[99.0; 100.0] 1.095 [1.014; 1.184] 550 100.0 [99.3; 100.0] 2.254[2.140; 2.374]
TvCRM 183 100.0 [98.0; 100.0] 1.338[1.202; 1.490] 184 99.5 (97.0; 100.0] 1.504 [1.356; 1.667]
Study B: 2-, 4, 6-month schedule
PHiD-CV* 169 100.0 [97.8; 100.0] 2.808 [2.521; 3.127) 169 100.0 [97.8; 100.0] 3.5223.185; 3.896]
PHiD-CV' 175 2.263 [1.975; 2.593] 175 ; 5.259 [4.828; 5.729]
PHiD-CV# 173 X . 2.436 [2.137; 2.778] 173 X X 4508 [4.134; 4.916]
TvCRM 169 100.0 [97.8; 100.0] 2.615[2.316; 2.952] 169 100.0 [97.8; 100.0] 3.566 [3.265; 3.895]
Study C: 6-, 10-, 14-week schedule
PHID-CV 140 97.993.9; 99.6] 1.735 [1.468; 2.052] 139 100.0 [97.4; 100.0] 5.195 [4.508; 5.985]
TvCRM 9 100.0 [92.7; 100.0] 1.252[0.970; 1.616] 48 100.0 [92.6; 100.0] 3.476 (2.637; 4.583]
Study C: 2-, 4, 6-month schedule
PHiD-CV 140 100.0 [97.4; 100.0] 1.549 [1.356; 1.771] 140 100.0 [97.4; 100.0] 3.505 [3.148; 3.904]
7vCRM 47 97.988.7; 99.9] 1.039 [0.786; 1.375) 47 100.0 [92.5; 100.0] 2.659 [2.091; 3.381]

See Table 1 for a list of vaccines coadministered in each study.
*PHID-CV + MenC-CRM.

PHID-CV + MenC-TT.

EPHID.CV + Hib-MenC-TT.
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TABLE 4. Antibody Responses Against the Coadministered HBs Antigen (with 95% CI) 1 Month After Primary

Vaccination in PHiD-CV Studies (ATP Immunogenicity Cohorts)

Hepatitis B

Study Country (HBV schedule) Group
N % =10 mIU/mL GMC (mIU/nL)
Study A Overall PHID-CV 534 97.0 [95.2; 98.3] 382.2[339.7; 429.9]
7vCRM 177 98.9[96.0; 99.9] 431.9[355.6; 524.5]
France (2, 4 mos) PHID-CV 58 87.9(76.7; 95.0] 212.0[134.4; 334.4]
7vCRM 16 100.0 [79.4; 100.0] 432.0 [241.5; 772.6]
Finland (2, 3, 4 mos) PHID-CV 278 96.8 [93.9; 98.5] 308.2 [262.8; 361.5]
7vCRM 86 97.7[91.9; 99.7] 296.3 [222.3; 394.9]
Poland (birth, 2, 3, 4 mos) PHID-CV 198 100.0 [98.2; 100.0] 614.4[521.7, 723.6]
7vCRM 75 100.0 (95.2; 100.0] 665.2 [505.4; 875.6]
Study B Overall PHID-CV* 63 100.0 [94.3; 100.0] 875.7[706.6; 1085.3]
PHID-CV" 80 96.3 [89.4; 99.2] 779.5 [594.3; 1022.4]
PHID-CV# 89 98.993.9; 100.0] 834.2[655.4; 1061.8)
TvCRM 64 100.0 [94.4; 100.0] 762.9 [622.9; 934.4]
Germany (2, 4, 6 mos) PHID-CV* 12 100.0 (73.5; 100.0] 516.0 [289.0; 921.2]
PHID-CV" 17 94.1[71.3;99.9] 550.2 [246.4; 1228.6]
PHiD-CV* 16 93.8[69.8; 99.8] 533.9[222.3; 1282.2]
7vCRM 9 100.0 [66.4; 100.0] 464.9[262.0; 825.1]
Spain (birth, 2, 4, 6 mos) PHID-CV* 26 100.0 [86.8; 100.0] 863.5[609.8; 1222.8]
PHID-CV" 29 93.1[77.2; 99.2] 684.0[384.2; 1218.0]
PHID-CV* 32 100.0 [89.1; 100.0] 913.1[655.4; 1272.0]
7vCRM 30 100.0 [88.4; 100.0] 908.0 [664.4; 1241.0]
Poland (birth, 2, 4, 6 mos) PHID-CV* 25 100.0 (86.3; 100.0] 1145.5 [854.0; 1536.4]
PHID-CV" 34 100.0 [89.7; 100.0] 1037.1[868.4; 1238.7)
PHiD-CV* 41 100.0 [91.4; 100.0] 925.4 [662.6; 1292.3]
7vCRM 25 100.0 [86.3; 100.0] 739.9 [542.3; 1009.7)
Study C The Philippines (6, 10, 14 wks) PHiD-CV 140 90.7[84.6; 95.0] 101.6[79.7; 129.5)
7vCRM 49 89.8[77.8; 96.6] 129.8 [83.3; 202.1]
Poland (birth, 2, 4, 6 mos) PHID-CV 133 99.2 [95.9; 100.0] 756.7 [640.4; 894.3]
7vCRM 44 100.0 [92.0; 100.0] 792.2 [585.2; 1072.2)

HBYV at birth in some regions in Spain. See Table 1 for a list of vaccines coadministered in each study.

#*PHID-CV + MenC-CRM.
PHID-CV + MenC-TT.
IPHID-CV + Hib-MenC-TT
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TABLE 1. Study Design and Pediatric Vaccines Coadministered With PHiD-CV/

Age at First

No.in :
Study Country Schedule Study Groups Coadministered Vaccines Vi ATE Immung Dot Booster
w-aei (weeks)
Primary vaccination studies
A Finland, France, 2,3, 4 mos PHiD-CV DTPa-HBV-IPV/Hib-TT* 1235 550 9.0(2.03)
Poland TvCRM DTPa-HBV-IPV/Hib-TT* 415 185 8.8(2.00)
B Germany, 2,4,6 most PHID-CV? DTPaHBV-IPV/Hib-TT + MenC-CRM 385 1 80223
Poland, Spain PHiD-CV' DTPa-HBV-IPV/Hib-TT + MenC-TT 387 178 8.1(2.13)
PHiD-CV** DTPa-HBV-IPV + Hib-MenC-TT 386 174 8.1(2.19)
TvCRM DTPa-HBV-IPV + Hib-MenC-TT 390 172 8.1(2.37)
c The Philippines 6,10, 14 wks PHiD-CV DTPw-HBV/Hib-TT + OPV 300 140 7.5(1.65)
WCRM DIPw HBV/HbTT + OPV 100 19 74(152)
Poland 2, 4, 6 mos PHiD-CV DTPw-HBV/Hib-TT + IPV 303 140 7.4 (1.50)
WCRM DTPw.HBV/HIb-TT + IPV 103 a 765D
Booster studies Primed with Booster (months)
D Finland, France, PHID-CV + DTPa-HBV-IPV/Hib PHiD-CV DTPa-HBV-IPV/Hib-TT 737 343 15.3(2.08)
(Booster of A) Poland 7vCRM + DTPa-HBV-IPV/Hib TvCRM DTPa-HBV-IPV/Hib-TT 92 47 14.2(2.27)
7¢CRM + DTPaHBV-IPV/Hib PHID-CY DTPa-HBV-IPV/Hib-TT 263 136 142220
E Germany, PHIiD-CV + DTPa-HBV-IPV/Hib PHiD-CV? DTPa combined™* + MenC-CRM 359 157 14.2(1.68)
(Booster of B) Poland, Spain + MenC-CRM
PHiD-CV + DTPa-HBV-IPV/Hib PHiD-CV' DTPa-combined™ + MenC-TT 363 153 14.2(1.68)
+ MenC-’
PHIiD-CV + DTPa-HBV- PHID-CV** DTPa-combined** + Hib-MenC-TT 358 160 14.2(1.68)
IPV + Hib-MenC-TT
7vCRM + DTPa-HBV-IPV + Hib- TvCRM DTPa-combined** + Hib-MenC-TT 357 152 14.2(1.72)
MenC-TT

“ATP cohort for immunogenicity of condministered vaccines (Number of subjects with available results for at least 1 antigen; the actual number of subjects tested can slightly vary for the diferent antigens depending on the number
of sera available).

TATP immunogenicity cohorts. Study A (105553NCT00307554), Study B (107005/NCT00334334), Study C (107007/NCTO0344318), Study D (107046/NCT00370896), Study E (109507/NCTO0463437).

“In France the second pneumacoccal vaccine dose was coadministered with DTPa-IPV/Hib-TT.

¥Two doses only of MenC-CRM and MenC-TT administered at 2 and 4 months of age—a third dose was offered at 7 months of age in Poland to comply with MenC-CRM and MenC-TT prescribing information in place at the time
of the study

IPHID.CY + MenC-CRM.

IPHID-CV + MenC-TT.

SPHIDCY + Hib-MenC-TT,

#1DTPa combined ~ DTPaHBV-IPV/Hib-TT (Germany and Poland) or DTPa-IPV/Hib-TT (Spain).

#DTPa combined ~ DTPa-HBV-IPY (Germany and Poland) or DTPa-PV (Spain).
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TABLE 2. Composition of Coadministered Vaccines in Clinical Trials of PHiD-CV

Antigen DTPa-HBV-IPV TPV Hib DTPw-HBV OPV Hib-MenC-TT ~ MenC-TT ~ MenC-CRM

DT =301U =30 TU
T =40 TU =60 TU
PT 25 ug
FHA 25 g
PRN 8 ug
BPT =41U
HBsAg 10 g 10 pg
Poliovirus type 1 (Mahoney): 40 D (LS-c, 2ab) 10° TCIDg,

antigen units
Poliovirus type 2 (MEF-1): 8 D (P712, Ch, 2ab) 10° TCID;,

antigen units
Poliovirus type 3 (Saukett): 32 D (Leon 12a1b) 10>% TCIDg,

antigen units
PRP-TT 10 ug 5 ug (12,5 ug TT)

(20-40 pg TT)

Neisseria meningitidis 5 ug (5 ug TT) 10 ug 10 pg
serogroup C (10-12ug  (CRM)
polysaccharide TT)

DT indicates Diphtheria toxoid; T, Tetanus toxoid; PT, Pertussis toxin; FHA, Filamentous haemagglutinin; PRN, Pertactin; BPT, Bordetella pertussis killed; HBsAg, recombinant,
hepatitis B surface antigen; PRP-TT, Polyribosyl-ribitol phosphate conjugated to TT; CRM, Corynebacterium diphtheria CRM197 protein; (TT), conjugated to the indicated g of TT or

to CRM_
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